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Foreword 

This report provides a summary of the progress to date of 
research and monitorin g studies on contaminants in 

northern Canada, and related education, communications 
and policy activities that were conducted in 2001-2003 
under the auspices of the Northern Contaminants Program 
(NCP). The projects cover all aspects of northern contami
nants issues, as outlined in the NCP blueprints, including 
human health, moniroring the heal th of Arctic peoples and 
ecosystems and the effectiveness of international controls 
(abiotic monitoring and modelling, biotic monitoring, local 
contaminants concerns), education and communications, 

international policy and program management. 

These projects were evaluated, as proposals, by external 
peer reviewers, technical review teams, a social/cultural 

review ream, territorial/regional contaminants committees 

and the NCP Management Committee to ensure that 
they support the overall Northern Contaminants Program 

objectives. 

Further information abou t the Northern Contaminants 
Program is available on the NCP website at www.ainc

inac.gc.ca/ ncp. 

Preface 

Ce rapport resume l'avancemenc de recherches et d'ecudes 
de surveillance portant sur les contaminants clans le Nord 
canadien, ainsi que d'accivicfs connexes au sujet de 

!'education, de la communication et de la policique qui one 
eu lieu en l'annee 2001-2003. Ces etudes et accivices one ete 
menees clans le cadre du Programme de lune contre les 
contaminants clans le Nord (PLCN) . Ces projets, eels que 
decrit clans les plans directeurs lies au programme, represen
cent cous les aspects ponant sur les contaminants, incluant 

la same humaine, la surveillance de la same des habitants et 
des ecosyscemes de l'Arctique et de l'efficacite des mesures 
de controle internationales (surveillance et modelisation 
milieux abiotiques, surveillance - milieux biotiques, 
preoccupations locales concernant les contaminants), 
!'education et la communication, la politique internationale 
et la gestion des programmes. 

Ces projets one ete examines par des pairs, des cornices 
d'examen technique, un cornice d'examen social et 

culture!, les cornices territoriaux/regionaux SU[ les 
contaminants environnemenraux, et le cornice de gestion 

de la PLCN afin de s'assurer qu'ils repondent a !'ensemble 
des objectifs du programme de lune contre les contami
nants clans le Nord. 

Pour de plus amples renseignements au sujet du programme 
de lutte contre les contaminants clans le Nord, visicez le site 
Web du PLCN au www.ainc-inac.gc.ca/ncp. 
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The Northern Contaminants Program (NCP) was 
established in 1991 in response to concerns about 
human exposure to elevated levels of contaminants in 
fish and wildlife species that are important ro the 
traditional diets of northern Aboriginal peoples. Early 
studies indicated that there was a wide spectrum of 
substances - pers istent organic pollutants, heavy 
meta ls, and radionuclides - many of which had no 
Arctic or Canadian sources, bur wh ich were, neverthe
less, reach ing unexpectedly high levels in the Arctic 
ecosystem. The Program's key objective is to reduce and, 
where possible, eliminate contaminants in northern 
traditionally harvested (country) foods while providing 
information that assists informed decision making by 
individuals and communities in their food use. 

Under the first phase of the CP (NCP-1), research was 
focussed on gathering the data required to determine the 
levels, geographic extent, and source of contaminants in 
the northern atmosphere, environment and its people, and 
the probable duration of the problem. The data enabled 
us ro understand the spatial patterns and temporal 
trends of contami nants in the North, and confirmed our 
suspicions that the major sources of contaminants were 
other countries. The data, which included information on 
the benefits from continued consumption of traditional/ 
country foods , was also used ro carry out assessments of 
human health risks resulting from contaminants in those 
foods. Resu lts generated through NCP-1 are synthesized 
in the Canadian Arctic Contaminants Assessment Report. 

Extensive consultations were conducted in 1997-1998 ro 
find the common elements between the concerns and 
prior it ies of northern communities and the scientific 
needs identified as critical for addressing the issue of 
contami nation in Canada's North . As a result, priorities 
for current and future research are based on an under
standing of the species that are most relevant for human 
exposure ro contaminants in rhe North, and geographic 
locations and populations that are most at risk. 

Introduction 

In 1998-1999, che NCP began its second phase 
(NCP-11), which continued until 2002-2003. Results of 
this phase are synthesized in the Canadian Arctic 
Contaminants Assessment Report II (CACA R II). NCP-II 
supports research designed to answer questions about the 
impacts and risks to human health that may result from 
current levels of contamination in key Arctic food species. 
To ensure a balanced assessment of the risks, an emphasis 
is placed on characterizing and quantifying the benefits 
associated with traditional diets. Communications 
activities are also emphasized and supported under 
NCP-11. Under the leadership of the northern Aboriginal 
organizations, the dialogue between northerners and the 
scientific community, which was initiated in NCP-1, 
continues ro build awareness and an understanding of 
contaminants issues, and helps ro support the ability ro 
deal with specific contaminant issues at the local level. 

In addition, the NCP effort co achieve international controls 
of contaminants remains strong in NCP-11. The legally 
binding POPs protocol, under the United Nations Economic 
Commission for Europe (UN ECE) Convention on Long
range Transboundacy Air Pollution, has been successfully 
negotiated and was signed by 34 countries (including 
Canada) at the UN ECE Ministerial Conference in Aarhus, 
Denmark in June 1998. Canada ratified this agreement in 
December 1998. Negotiations for a legally binding global 
inscrun1ent on POPs under the United Nations Environment 
Programme have now also been completed with the signing 
of the POPs Convention in Stockholm, Sweden, May 23, 
2001. The Convention has been signed by more than 
100 countries; Canada has signed and ratified the Conven
tion. Cooperative actions under the Arctic Council, 
including the circumpolar Arctic Monitoring and Assessment 
Programme (AMAP) and the Arctic Council Action Plan 
(formally launched in Ocrober 2000), are continuing. 
NCP-II continues to generate the data that allows Canada 
co play a leading role in these initiatives. 

The NCP is directed by a management committee chat is 
chaired by the Department of Indian Affairs and Northern 
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Development, and which includes representatives from four 
northern Aboriginal organizations (Council of Yukon First 
Nations, Dene Nation, Inuit Tapirisat of Canada and Inuit 
Circumpolar Conference), the Yukon, Northwest Territories 
and Nunavut Territorial Governments, Nunavik, and four 
federal departments (Environment, Fisheries and Oceans, 
Health, and Indian Affairs and Northern Development). 
The management committee is responsible for establishing 
NCP policy and research priorities and for final decisions 
on the allocation of funds. Three territorial contaminants 
committees in the Yukon, Northwest Terrirories and 
Nunavut (established in May 2000), and a regional 
conta1ninanrs committee in Nunavik support this national 

committee. Funding for the NCP-II's $5.4 million annual 

research budget comes from the Treasury Board and the 
four participating federal departments. 

The NCP Operational Management Guide, developed 
in 2000-200 I, and available on the NCP website 
(www.ainc-inac.gc.ca/ncp), provides a summary of the 
management structures and review processes used to 
effectively implement the NCP. The Guide explains the 
overall management strucrures currently used, the pro
posal review process and outlines a protocol to be used 
to publicly disseminate health and harvest information 
generated by the NCP. Background information on all 
NCP committees and review teams is also provided. 

In 1998, the NCP Management Committee redesigned 
the NCP-Phase II for application under the 1999-2000 
funding year. The two main initiatives undertaken were: 
I) the development of blueprints that represent the long
term vision and strategic direction for NCP-Il; and 2) the 
implementation of a more open and transparent proposal 
review process. This new management structure is 
designed to ensure that the NCP remains scientifically 
defensible and socio-culrurally aware, while at the same 
time, achieving real progress in terms of the Program's 
broad policy objectives. 

Blueprints were developed for each of the four main NCP 
subprograms: i) Human Health, ii) Monitoring the Health 
of Arctic People and Ecosystems and the Effectiveness of 
International Controls, iii) International Policy, and 

xii 

iv) Education and Communications. T he blueprints are 
used to provide the necessary guida nce to project propo
nents for the development of proposals as well as to peer 
reviewers, review teams and the NCP Management 

Committee for evaluating proposa ls. They are evolv ing 
documents that are reviewed at least annually. 

Under a revamped proposal review process, the NCP 
Technical Committee was replaced with an external peer 
review process facilitated by review teams. The review of 

proposals is a two-pronged approach involving a scientific 
review by external peer reviewers, facilitated by technical 

review teams, and a socio-cultural review facilitated by a 
review team and the regional and Territorial Contaminants 
Committees (TCCs). Both sets of recommendations are 
considered by the Management Committee in making final 

funding decisions. Proposals submitted under the Education 
and Communications subprogram are evaluated by a review 
team and the TCCs. All peer reviewers, review teams and 
TCCs use evaluation criteria and the blueprints to review 

and rate proposals. Written consent from the appropriate 
northern community authority or national-level Aboriginal 
organization is required for all projects involving field work 
in the North and/or analyses of samples as a condition of 
approval for funding. The Social/Culcural Review Team 
ensures thar each applicable proposal has a written consent 

form attached and signed by the applicable authority. 

This report provides a summary of the progress to date of 
research and activities funded by the Northern Contami
nants Program in 2001-2003, the third year ofNCP-11. It 

is a compilation of reports submitted by project teams, 
emphasizing the results of research and related activities 
that rook place during the 2001-2003 fiscal years . The 
report is divided into chapters that reflect the broad scope 
of the NCP: Human Health; Monitoring the Health of 
Arctic People and Ecosystems and the Effectiveness of 
International Controls (including abiotic monitoring and 
biotic monitoring), Education and Communicat ions, 
International Policy, and Program Coordination. 



Human Health 





PCBs and Neurodevelopment: 
The Role of Hydroxy-PCBs and 

Other Phenolic Compounds 
as Thyroid Hormone Disrupters 

Project leader 
Pierre Ayotte, Public Health Research Unit, CHUL-CHUQ, 945 avenue Wolfe, 
Qu ebec (Quebec) Gl V 5B3, phone: (418) 650-5115 (ext. 4654); 
fax: (418) 654-2148; e-mail: pierre.ayotte@inspq.qc.ca 

Project team 
Courtney Sandau, Centers for Disease Control and Prevention, Atlanta, 
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Abstract 
Previous studies have linked prenatal exposure to polychlo
rinated biphenyls (PCBs) at environmental levels to delayed 
gross motor development, and deficits in physical growth 

and cogni t ive development. Recent data indicate that 
hydroxylared metabolites of PCBs (OH-PCBs) that 
accumulate in the blood cou ld be responsible for these 

adverse effects by affecting thyroid hormone status in the 
newborn. T his project is linked to the ongoing cohort study 

on environmental contaminants and infant development 
that involves the participation of 300 Inuit infants from 
N unavik and Greenland. In the cohort study, the impact of 

PCBs and mercury exposure on newborn' s thyroid hormones, 
physical growth, physical and neurological maturity, overall 
health, mental, psychomotor and neurobehavioral develop

ment, and in visual and spatial information processing is 
being studi ed . T his add itio nal study will enhance our 

capacity to find relevant associations between these effects 
and exposure to PCBs by focusing on the reactive metabolites 
of PC Bs and conducting a more complete investigation of 

the newborn's thyroid hormone status. D uring the first year 
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of this project, methodological development for automated 
extraction and analysis of OH-PCBs was finalized. 

Key Project Messages 
I. A new automated method of solid phase extraction 

has been developed for the efficient extraction of 
PCBs, persistent pesticides and PCB metabolites. 

2. Analysis of OH-PCBs will be performed early during 
Fall 2003 in 260 plasma samples. 

3. Relations between HO-PCBs concentrations and thyroid 

hormones as well transport proteins will be examined. 

Objectives 
To examine the role of OH-PCBs in producing adverse 

effects on the development of the nervous system in Inuit, 
by virtue of their interaction wi th the thyroid ho rmone 
pathway. 



Introduction 
PCBs have been well studied in possibly affecting newborn 
and infant when it was determined that PCBs could 

effectively pass through the placental barrier and that they 
were associated with lower birth weights (Fein et al. 1984). 
Jacobson er al. (1985) found that prenatally exposed children 
showed a delayed gross motor development, and deficits in 
physical growth and cognitive development. In the same 
cohort, in utero PCB exposure was associated with reductions 

in cognitive function at 4 years of age Qacobson et al. 1990) 
and with lower IQs at l l years of age Qacobson and Jacobson 
1996). This evidence indicates a link between PCBs and 
neurodevelopment. Although many theories exist on how 
PCBs affect neurodevelopment, the main hypothesis involves 
disruption of thyroid hormone homeosrasis (Porterfield and 
Hendry 1998). Thyroid hormones regulate neuronal prolif

eration, cell migration and differentiation including control 
on when differentiation begins and when cell proliferation 
ends (Hamburgh 1969). Studies in the rat showed that the 
main transport mechanism of thyroid hormones ro the brain 
requires passing through the blood brain barrier via a thyroid 
hormone transport protein called transrhyretin (TTR) 
(Chanoine and Braverman 1992). Although PCBs show 
some binding affiniry for TTR (Chauhan et al. 2000), 
OH-PCBs have much higher in vitro binding affinities that 

can be as high as 12x the binding affiniry of the natural 
ligand, thyroxine (T4) (Brouwer 1991; Cheek et al. 1999; 
Lans et al. 1994). Binding to TTR is not limited ro 
OH-PCBs. Other chlorinated phenolic compounds such as 
pentachlorophenol (PCP), halogenated phenols and bromi
nared Aame retardants (Meerrs et al. 2000; van den Berg 
1990; van den Berg er al. 1991) also have strong affinities 
for TTR. Recently, we showed that PCP was the dominant 

phenolic compound in Inuit whole blood (Sandau et al. 
2000). Thus, other halogenated phenolic compounds may 
also be important contaminants in plasma (Klasson-Wehler 
et al. 1997) as they have been found ro exhibit similar 
roxicological properties to OH-PCBs (Kester et al. 2000; 
Schuur et al. 2000; van den Berg 1990). 

OH-PCBs have been shown ro decrease circulating levels 
of thyroid hormones through this mode of thyroid 
hormone disruption (Bastomsky 1974; Brouwer and van 

den Berg 1986; Kohn er al. 1996). TTR is also respon
sible for retinal transport by forming a dimer with retinal 
binding protein. Thus, circulating retinal concentrations 
can also be affected by PCB and OH-PCB exposure 
(Brouwer er al. 1988a, 1988b, 1989). 

The foetus may be especially vulnerable to PCB and 
OH-PCB exposure. When foetal mice were exposed in 
utero to 4 '-OH-CB-79, a metabolite of CB77, both 

maternal and foetal plasma T4 levels decreased significantly 
compared to controls (Sinjari and Darnerud 1998). In this 
same study, foetal plasma had two rimes the 4'-OH-CB79 

concentration of the maternal plasma (Sinjari er al. 1998). 
These experiments were recently repeated on pregnant rats 
who were orally exposed to 4-OH-CB 107 (Meerts er al. 

unpublished data), one of the main OH-PCBs found in 
human plasma (Sandau er al. 2000; Sjodin et al. 2000). In 

this study, both maternal and foetal thyroid hormones were 
reduced by exposure to 4-OH-CB l 07, with foetal total T4 
concentrations decreasing to 89% of that of the controls 
(Meerrs et al. unpublished data). The decreased plasma T4 

levels also resulted in decreased forebrain and cerebellum 
T4 concentrations as compared to controls (Meerts et al. 

unpublished data), which could lead to neurodevelopmenral 
deficits. PCP has also been shown ro decrease brain T 4 
availabiliry in dosed rats (van Raaij et al. l 994). Another 

interesting finding in the 4-OH-CB107 rat dosing study 
was an accumulation of 4-OH-CB107 in foetal plasma, 

liver and brain. 

Thus, prenatal exposure to PCBs, OH-PCBs, and PCP 

may all lead ro thyroid hormone disruption and possibly 
neurodevelopmental effects. Umbilical cord plasma is 
unique in that it is a direct indication of in 11tero circulating 

concentrations of xenobiorics, now including phenolic 
compounds in the newborn. PCBs have been previously 

measured in umbilical cord plasma (Huisman et al. 1995; 
Koopman-Essebom er al. 1994a, 1994b; Skaare et al. 
1988). However, few studies have examined levels of 
hydroxylared metabolites in human blood and to our 

knowledge levels in cord blood have nor been reported. 

We conducted a pilot study ro measure the concentrations 
of PCBs, OH-PCBs and other chlorinated phenolic 
compounds such as PCP in umbilical cord plasma samples 

from three different regions of Quebec (Sandau et al. 2002). 
Ten samples were obtained from Inuit neonates and another 
10 samples from newborns from the Lower North Shore of 

the Gulf of Sr. Lawrence (subsistence fishermen). Ten 
samples were also obtained from a southern Quebec urban 
centre where PCB exposure is at background levels (Quebec 

Ciry) . The main chlorinated phenolic compound in all 
regions was PCP. The ratio of PCP to PCB congener no. 153 
for all samples ranged from 0. 72 to 42.3, which indicates 

the relative importance of PCP in blood. Total OH-PCB 
concentrations were different among the regions, with 
geometric mean concentrations of553 (range 238-1,750), 

286 (103-788) and 234 (147-464) pg-g 1 wet weight 
plasma for the Lower North Shore, Nunavik and the 

southern Quebec groups, respectively. Total PCB (sum of 
49 congeners) concentrations for rhe regions also ranked 
similar ro total OH-PCBs with the Lower North Shore 
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samples having the highest geometric mean concentration 
of2,7 10 (525-7,720) pg·g I wet weight plasma. Total PCBs 
for the Nunavik samples and southern samples were 1,51 O 
(309-6,230) and 843 (290-1,650) pg·g I wet weight 
plasma. Total OH-PCBs were significantly correlated to total 
PCBs (r = 0.62, p < 0.001) and all identified OH-PCB 
congeners were highly inter-correlated to the main PCBs, 
even metabolically unrelated congeners. Interestingly, log 
normalized free T4 concentrations were negatively associated 
with log normalized total quantitated phenolic compounds 
(sum PCP and OH-PCBs) (r = -0.62, p = 0.003, N = 20) 
and were not associated with PCBs. This indicates that PCP 
and OH-PCBs have similar modes of action and are possibly 
altering thyroid hormone status in newborns, which could 
lead to neurodevelopmental effects in infants. The present 
research project was set up to examine the effects of chlori
nated phenolic compounds on thyroid hormone status in 
newborns, and in turn on neurodevelopmental endpoints 
that are being measured in Inuit infants in the course of the 
cohort study on infant development. 

Activities 

In 2001-2002 
A new automated method of solid phase extraction has been 
developed for the efficient extraction of PCBs, persistent 
pesticides and PCB metabolites. Using the Zymark 
Rapid trace®, up to 50 samples per day can be processed for 
GC-MS analysis . The extraction conditions for human 
plasma samples were optimized by testing different solid 
phase extraction sorbents such as Cl 8 (Varian), E V 
(Varian), NEXUS (Varian), OASIS {Watters), and Chro
mabond (Nagel-Magerey) and different denaturant reagents 
(methano l, ethanol, formic acid). The final method effi
ciently extracts 1-4 ml of human plasma or serum. The 
method has been tested on human plasma samples and a 
spiked human QNQC serum pool. 

In 2002- 2003 
All standards for the accurare quantiration of HO-PCBs 
were synth esized and have been incorporated into one 
standard mixture. Several new 13C-labeled internal quan
titation standards and new native standards are now avail
ab le to accu rately quantify HO-PCBs and other 
halogenated phenolic compounds. A research assistant also 
set up ELISA methods for TTR and retinol binding protein 
analyses in plasma samples. Cord blood samples from the 
last participants in Nunavik were collected in September 
200 I and plasma samples were shipped to the CDC labo
ratory for analysis in early 2002. However, we are still 
missing most of the samples from Greenland, due to delays 
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in subject recruitment and problems with shipping. The 
remaining samples that are still in Nuuk were sent to 
Quebec City in September 2003. A post-doctoral fellow is 
currendy in Adanta at the CDC to finalize the analytical 
procedures. All samples from the Nunavik and Greenland 
cohorts will be analysed during Fall 2003. 

Results 

In 2001-2002 
Results for the analysis of 8 human plasma samples are 
given in Table I. The drop off in recoveries is a common 
observance in SPE extraction of PCBs from human 
plasma/blood Qanak et al. 1999). This result was noted 
throughout method developing and consistent for all the 
sorbents tested . The effect is minimized by spiking the 
recovery standards in ethanol and increasing the sorbent 
bed. The maximum sorbent for a 3 cc cartridge using 
OASIS HLB and the Zymark Rapidtrace® is 540mg. 

A control pool of spiked human serum was then charac
terized using the described methodology. The results in 
Table 2 show the calculated concentrations of selected 
HO-PCBs, PCBs and persistent pesticides in the human 
control pool. 

In 2002-2003 
There are no results from this project yet. As mentioned 
earlier, all samples will be analysed this Fall. 

Table 1. Percentage recoveries of 13C-labeled internal 
quantitation standards from random human serum samples 
(n = 8) 

13C-labelled Standard Recovery Sid. Dev. 

4-HO-CBI20 61.1 9.8 

4-HO-CBI59 75.7 10.5 

4-HO-CB187 82.9 12.7 

beta-HCH 133.5 21.9 

/rans-chlordane 111.1 19.3 

/rans-nonachlor 103 19.8 

4,4'-DDE 114.4 21.4 

CB153 73.6 14.2 

CB105 81.8 15.1 

CB138 79.7 15.6 

CB180 65.8 14.2 

CB194 59.6 14.5 

CB209 40 12.8 



Table 2. Characterization of human serum pool using new 
SPE method of extraction. Compounds in bold include 
natural and additional spiked levels. Other compounds 
were background levels found in the human serum 
Analyte Average Cone (pg/ml) 

4-Me0-CB107 1.06 

4-Me0-CB187 179 

4-Me0-CB202 0.10 

4-diMeO-CB202 0.28 

4-Me0-CB208 0.29 

hexachlorobenzene 0.638 

lrans-chlordane 0.155 

cis-chlordane 0.187 

lrans-nonachlor 0.902 

cis-nonachlor 0.095 

pentaCB-118 0.284 

pentaCB-105 0.198 

hexaCB-156 0.279 

heptaCB-183 0.204 

heptaCB-177 0.337 

octaCB-199 0.447 

octaCB-195 0.042 

nonaCB-208 0.312 

nonaCB-206 0.373 

decaCB-209 0.264 

Discussion and Conclusions 

In 2001-2002 

% RSD (n = 12) 

19.2 

29.3 

19.1 

5.5 

16.4 

2.1 

16.5 

19.0 

2.2 

26.5 

2.9 

29.9 

2.5 

12.5 

7.2 

3.3 

13.9 

5.9 

7.8 

6.0 

Results indicate chat the current method is capable of 
efficient extraction of both non-polar (PCBs, persistent 

pesticides) and polar (HO-PCBs) compounds as well as 
successfully separating chem into cwo fractions for mass 
spectral analysis . All extractions, fracc ionations and puri
fication steps are done using the automated SPE system 

allowing rapid sample processing. 

Standards for the accurate quantitation ofHO-PCBs were 
synthesized by Wellington Laboratories. These standards 

include more 13C-labeled internal quancicacion standards 
and more native standards for the accurate quancitation of 
HO-PCBs and other halogenated phenolic compounds. 
These new standards will be incorporated in to the analysis 
of the umbilical cord plasma samples upon their receipt. 

Cord blood samples from the lase participants were 
co ll ected in September 2001 and plasma samples were 

shipped to che C DC laboratory for analysis in early 2002. 

A chemise researcher from the Quebec Toxicology Centre 
will perform the analyses of the first batch of samples in 

Dr. Sandau's laboratory at th e C DC in Atlanta. The 
method wil l then be sec up in Quebec where the second 

batch of samples will be analysed in 2002-2003. lncer
laboratory control will be established to insure chat data 
will be comparable between both batches of analyses. 

In 2002-2003 
We have encountered severa l delays in completing this 
research project. All methods are ready and samples were 

analysed starting in September 2003. Data analysis will 
follow. We expect chat these new data will be helpful in 

estab li shing links between exposure co POPs and 
developmental endpoints in both N unavik and Greenland 

cohorts. 

Expected Completion Date 
December 31, 2003 
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Abstract 
Trad itio nal foods consumed by Northern populations are 
conta minated with endocrine-disrupting chemicals such 
as PCBs and chlorinated pesticides. Our general hypoth
esis is that in utero and lactational exposure co a mixture 

of organochlorines, known to bioaccumulace in the Arctic 
food chain, interferes with the development of the 
immune system and in turn increases susceptibility to 
infections. We assessed the effects of in t<tero and lacta
tional exposure to this mixture on specific elements of che 
im mune system in 90-days-old FI male rats. Exposure to 
the mixtu re induced activation-like changes in splenic 
dendricic cells (DC) such as increased expression of 
MHCII and CD86, in the absence of antigen scimulacion. 
Treatment w ith che mixture also increased mirogen
ind uced secretio n of IL- 12 by DC and basal TNF-a 
secretion by peripheral blood mono nuclear cells (PBMC). 
Organochlorine treatment had no effect on IFN--y 
secretion by PBMC or the complement activity. Taken 
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together, these results suggest chat the organochlorine 
mixture provides an activation stimulus to DC chat may 
lead to their premature deletion, altered survival ofT cells 
and dysregulation of che immune system. 

Key Project Messages 
I. In utero and lactational exposure of rats ro che 

environmentally-relevant organochlorine mixture 
induces inappropriate activation of dendritic cells. 
These cells are involved in initiating normal immune 
response following exposure co an antigen. 

2. Altered dendricic cell activation may represent a novel 
mechanism by which developmental exposure to 
organochlorines induces immunosupresssion. 



Objectives 
To assess the effect on the immune system of rats following 
developmental exposure to a complex organochlorine mix
ture, similar to rhar found in the Arctic aquatic food-chain, 
by measuring rhe following specific immune parameters: 

1. splenic dendriric cell maturation and cytokine 

secretion; 

2. cytotoxic T-cell and natural killer (NK) cytokine 

secretion; 

3. complement system acriviry. 

Introduction 
Due to their high consumption of sea mammal far, the 
Inuit people living in Nunavik display a body burden of 

organochlorines (OC) that exceeds that of inhabitants of 
Southern Quebec. In both laboratory animal models and 
human studies, members of the organochlorine compound 
family have been shown to affect the reproductive system, 
the neuroendocrine system, the immune system, and to 

induce reratogenic and hepatotoxic effects (Van den Berg 

er al. 1998). 

High incidences of infectious diseases have been reported 
in Inuit infants of Nunavik. These include meningitis, 
broncho-pulmonary infections and middle-ear infections 
(Dufour 1988; Duval and Therien 1982; Proulx 1988). 

Oriris media is a serious problem in this population since 
hearing loss in one or borh ears is observed in as many as 
25% of school age children Qulien er al. 1987; Proulx 
1988). While generic and lifestyle factors may be 

implicated in this unusually high suscepribi li ry displayed 
by Inuit infants to infectious diseases, we formu lated the 
hypothesis that developmental exposure to OC could 
suppress immune system function and therefore might 
play a role. Indeed, a first epidemiological study 

conducted by our group in Nunavik showed that the risk 
of oriris media increased with prenatal exposure to some 
organochlorines (Dewailly er al. 2000) . 

In view of increasing the biological plausibiliry of this 
association and obtaining insights in possible mechanisms 
of action, we initiated experimental studies in animal 
models featuring developmental exposure to an organo
chlorine mixture designed ro approximate that found in 
marine mammal far consumed by lnuir people. The com

position of rhe OC mixture is presented in Table I. Using 
a vaccination protocol against Mycopla.,ma hyopneumoniae 

in pigs exposed to this OC mixture in utero and through 
lactation, we observed a low antibody production 111 

piglets from the highest exposure group compared to 
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Table 1. Composition of the organochlorine mixture 

Compound CAS number % weight 

PCB mixture' 32.59 

Technical chlordane 57-74-9 21.3 

p,p'-DDE 72-55-9 19.24 

p,p'-DDT 50-29-3 6.79 

Technica l toxaphene 8001-35-2 6.54 

et-HCH 319-84-6 6.17 

Aldrin 309-00-2 2.52 

Dieldrin 60-57-1 2.09 

1, 2, 4 ,5-tetrac h lorobenzene 95-94-3 0.86 

p,p'-DDD 72-54-8 0.49 

13-HCH 319-85-7 0.46 

Hexachlorobenzene 118-74-1 035 

Mirex 2385-85-5 0.23 

-y-HCH 58-89-9 0.20 

Penta c h loro benzene 608-93-5 0.18 
• Mixture containing 2,4,4'-trichlorobiphenyl (320mg), 
2,2',4,4'-tetrachlorobiphenyl (256mg), 3,3',4,4'-tetrachlorobiphenyl (1.4 mg), 
3,3',4,4', 5-pentachlorobiphenyl (6.7mg), Aroclor 1254 (12.Bg) and 
Aroclor 1260 (19.2g) 

animals in rhe other treatment groups, indicating that the 

humoral immune response was affected by developmental 
exposure to the mixture (Bilrha et al. unpublished data). 

These findings are in agreement with those of a recent 

study in rats showing that perinatal dioxin exposure was 
associated with suppression of specific antibody response 

(Ross er al. 2001) . 

Dendritic cells (DC) have the capac ity to induce the 
primary immune response to fo reign antigen and therefore 
are important in generat ing the immune respo nse to 

infection (Bancherau er al. 2000). DC are the most effective 
antigen-presenting cel ls to promote activation of cytotox ic 
T cells and natural killer (N K) cel ls. Because the cytotoxic 

cells are implicated in defence system against microbes, 
DC function constitutes a critical endpoint to be measured 

in the immunoroxicological evaluation of xenobiorics . 

When exposed to an antigenic stimulus, DC are induced 
to migrate to the spleen or draining lymph nodes and to 
undergo a maturation process (Banchereau er al. 2000). 

Mature DC are able to up-regulate a va riery of cyrokines 
and ultimately promote the d ifferent iation of T h I vs Th2 
cell s. Following xe nobio ri cs exposure, disruption in DC 

maturation could play a predominant effect on regulation 
of humoral and cell -mediated immuniry. 

Several immunotoxiciry studies have focused on the effects 
of 2,3,7,8-terrachlorodibenzo-p-dioxin (TCDD), which 
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induces specific responses mediated through binding to 
the aryl-hydrocarbon receptor (Whitlock 1991 ). It was 
shown that TCDD induced a lower resistance to infec
tious diseases, suppression of cell mediated and thymus
dependent humoral response in mice (Kerkvliet and 
Burleson 1994). More recently, it was also shown that 
although treatment of mice with TCDD lead to a lower 
level of DC in vivo, increased expression of !CAM-I , 
B7.2, CD40 and IL-12 was observed (Vorderstrasse and 
Kerkvliet 200 I). Since activation of naive T cells is initi
ated primarily by DC, as mentioned earlier, these cells 
represent a potential target for dioxin-like compound 
immunotoxicity. Dioxin-like compounds are important 
constituents of the OC mixture found in the Arctic 
aquatic food web. 

In the present study, we examined the effect of prenatal 
and lactational exposure ro the OC mixture on the 
maturation of splenic DC and its consequences on the 
regulation of circulating Th l/Th2 lymphocytes, on cell 
cytotoxicity and on complement activities involved in 
humoral response. The potential for OC to influence 
DC in terms of suppression of immune function was the 
major endpoint of this study. 

Activities 

In 2002-2003 
Five-week-old Sprague-Dawley female rats were housed, 
two per cage, in a university facility with 12 h light cycle 
(6:45- 18:45), 22± 1 °C temperature and 46± 10% humidity. 
After 10 days of acclimatization, the rats were randomly 
assigned to four groups (I O per group) and were 
administered the organochlorine mixture thrice weekly by 
gavage (corn oil as vehicle) to yield the following daily 
doses of polychlorinated biphenyls (PCBs): 0 (control 
group), 0.05 , 0.5, 5 mg kg- 1 body weight (BW) day- 1

• 

Doses of other OC that are part of the mixture can be 
calculated from composition data presented in Table I. 
After five weeks of treatment, each pair was housed with 
an unexposed male for 10 days . Mating was confirmed by 
the presence of a vaginal plug. OC administration contin
ued throughout gestation until parturition. Fertility data 
and pups characteristics at birth are reported in another 
synopsis (Project H -05, Janice Bailey et al.). Because only 
two dams of the 5 mg PCBs group delivered live litters, 
this treatment group was excluded from analysis. 

Male pups were sacrificed at PND90. Blood w1s collected 
by cardiac puncture in a tube containing heparin and PBMC 
were isolated using Ficoll-hypaque gradient centrifugation. 
The serum was stored at -70°C for complement analysis. 
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Activity of the classical pathway was assayed according to 
established methods (Rapp and Borsos 1970; Wagner et al. 
2001). Briefly, serial dilutions of serum samples were 
incubated with optimally-sensitized sheep erythrocytes at 
37°C. The extent of haemolysis in the supernatant was 
assessed spectrophotometrically and the total haemolytic 
complement titer (CH50) calculated as described previously 
(Wagner et al. 2001). 

DC was enriched from spleens using the method described 
by Vorderstrasse and Kerkvliet (2001) . Briefly, splenic 
tissues were digested with collagenase D (Boehringer 
Mannheim) at 37°C for 45-60 min to release DC from 
the capsule and to increase recovery. Cell suspensions were 
then diluted in Ca-/Mg-free HBSS and pelleted. Recovered 
cells were spun over a bovine serum albumin gradient and 
cells in the low-densiry fraction were collected. These 
freshly isolated DC-enriched populations were then stained 
for flow cytometry analysis of cell surface markers. To this 
end, we used mAbs to HLA-DR (OX6-FITC-conjugated; 
Serotec) and CD86 (PE-conjugated; Serotec). IL-12 secre
tion by DC was measured using an enzyme-linked 
immunosorbenr spot assay (ELISPOn. 

Results 

Effect of developmental 0C exposure on 
DC maturation 
Several cell surface proteins play important roles in the 
function of DC. We initially examined the expression of 
some accessory molecules on splenic DC from rats 
exposed in utero and through lactation to different doses 
of the OC mixture. The expression of MHC class II was 
significantly increased in male rats from the 0.5 mg-kg- 1 

BW day- 1 dose group compared to the control group 
(P<0.05). We also noted a dose-dependent increase in the 
expression of the CD86 accessory molecule (control group 
vs 0.05 mg-kg- 1 BW day- 1 group, P<0.05; 0.05 mg-kg-, 
BW day- 1 group vs 0.5 mg-kg- 1 BW day- 1 group, 
P<0.05). There was a tendency towards higher secretion 
of IL-12 by LPS-stimulated DC with increasing doses of 
the OC mixture, although the analysis of variance did not 
reveal statistically significant differences between groups 
(P = 0.111). Levels of IL-12 secretion by unstimulated 
DC were similar. 

Effect of developmental 0C exposure on T and 
NK cell immunity 
In order to evaluate the role of DC maturation and IL-12 
production on induction of IFN-"'I secretion from Th 1 
cells and NK cells, we measured capaciry of PBMC to 
secrete IFN-"'I secretion using the ELISPOT. Memory 
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T cells and NK cells are che major IFN--y producing cells 
and therefore IFN--y production reflects the cellular 
immune response. No effect of che OC treatment was 

observed on the number of PBMC secreting IFN--y, both 
with and without micogenic stimulation (ConA). 

In order co assess che impact of che OC treatment on 
T cells, we measured TNF-a secretion in PBMC 
supernatant following micogenic stimulation, using an 

ELISA method. In ConA-scimulaced PBMC from rats in 

OC-creaced groups (0.05 or che 0.5mg-kg I BW day ') 
secreted more TNF-a than PBMC from animals in the 
control group, although che difference was not scaciscically 
significant. However, in che absence of mirogenic 

scimulacion, TNF-a secretion by PBMC was significancly 
increased for animals belonging co che 0.5mg-kg 1 

BW day I dose group compared co animals belonging co 
the other experimental groups (P<0.05) . 

Effect of developmental OC exposure 
on complement activity 
Serum samples from FI male rats were tested for haemo
lytic complement activity. Neither che classical pathway 
nor the alternative pathway of complement accivacion was 
affected by developmental exposure co OC. 

Discussion and Conclusions 
Considering che possible immunosuppressive properties of 
OCs, we hypothesized chat developmental exposure co these 
compounds would suppress the expression of these accessory 
molecules on DC and consequencly disrupt their abiliry co 
activate T cells. Contrary co our expectation, enhanced 

expression of MH C II and CD86 molecules was observed 
in animals exposed during development co the OC mixture. 
These results suggest chat che OC mixture induced an 
inappropriate maturation of DC, similarly co chat reported 

previously in adulc mice created with an immunosupresive 
dose ofTCDD (Vorderscrasse and Kerkvliet 2001). In che 
laccer study, a premature deletion of DC was observed, which 
might lead co a dysregulacion of che immune system . 
A similar mechanism might be involved here. 

In order co further substantiate chat DC activation is induced 

by OC exposure, we measured the production of!L-12 by 
cultured DC. This cyrokine is produced by DC and other 
antigen presenting cells involved in the differentiation of 
Thi vs Th2 cells. A marginally-significant increase in IL-12 
production by LPS-scimulaced DC was noted in animals 
developmentally-exposed co che OC mixcure. However, we 
did not observe an increase in IL-12 production by DC from 

OC created animals in the absence ofLPS stimulation. This 
suggests chat the OC mixture did not induce activation of 
DC direccly but rather influenced the capacity of DC co 
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prime naive T cells during normal adaptive immune 

response. Furthermore, some evidence of T-cell priming 
defect was noted in PBMC from OC-creaced animals, as 

shown by the decrease in basal secretion ofTNF-a noted in 
these animals. 

Finally, our results indicate chat developmental exposure 

to OC does not lead co major alterations in complement 
acciviry, either via the classical or the alternative pathway. 

Only major changes in complement activity can be mea
sured using these assays. Nevertheless, a normal C H50 or 
AH50 cirer does not rule out modifications of indi vidual 

components in both pathways. Functional cicracions of 

complement components C2 (class ica l pathway) and C3 
(classical and alternative pathways) wi ll be performed, 
which represent far more sensitive assays. Results of these 

assays will be communicated at a later time. 

Expected Completion Date 
September 30, 2003 
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Abstract 
Traditional foods of Northern aboriginal populations 
are persistently contaminated with endocrine-disrupting 
PCBs and chlorinated pesticides. The toxicity of these 
organochlorines on human health , reproduction and 
development remains unclear. The foetus is particularly 
sensitive, since much reproductive development occurs 
during gestation. The porcine model is used for the first 
experimental series. In vitro assays are being conducted 
using serum extracts from organochlorine-treaced pigs 
to test the hypothesis that gametes and embryos are 
susceptible to a mixture containing organochlorines 
and their metabolites . A second series is determining 
the effects of in utero and lactational exposure to 

organochlorines on neonatal size and male offspring 
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reproductive health using the rat model to validate and 
continue our previous findings in the pig chat maternal 
exposure to an environmenta lly-relevant organochlorine 
mixture airers sex ratio and reduces neonatal length, 
testicular size and sperm motility of pubertal male 
offspring. These experiments are providing critical 
information as to whether exposure to a mixture of 
contaminants chat persists in the Arctic food chain 
threatens reproductive and developmental health. 

Key Project Messages 
Direct exposure to an env ironmentally-pertinent organo

chlorine mixture adverse ly affects oocyce maturation , 
sperm function , fertilisation and embryo competence. 
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Objectives 
Short term-objectives for the 2001-2003 duration of the 

project: 

1. To understand the effects in vitro of organochlorines 
and their metabolites, extracted from the serum from 
treated animals, on th e maturation and function of 
oocytes and sperm using the porcine model. These 
ex periments represent an assessment of female repro
ductive potential. 

2. To establish the impact of these organochlorines and 
their metabolites on the functional parameters of pig 
spermatozoa using in vitro assays. These experiments 
will be conducted in order to estimate the impact 
these toxicants found within the female genital tract 
on in vivo fe rtility and embryonic development. 

3. To evaluate in vitro the effects of these same serum 
extracts on the formation and developmental competence 
of embryos, also usi ng the pig as the an imal model. 
These assays will be indicative of any early developmen
tal toxicity of the organochlorine metabolites. 

4. To determine the effects of in ,ttero and lactational 
exposure to the environmentally relevant organochlorine 
mixture on the reproductive ontogeny of male rat 

pups. 

Introduction 
Steroid hormones regulate the development and mainte
nance of reproductive tissues. Persistent organic pollutants 
found in highly exposed human populations contain a large 
variety of compounds, including substances with estrogenic 
(e.g. o,pcDDT, 13-HC H ), anti-esuogenic (e.g. dioxin
like polychlorinated biphenyls, PCBs) or anti-androgenic 
capacities (e.g. p,pcDDE). These environmental contam
inants alter the function of endocrine and reproductive 
systems by mimicking or an tagon izing endogenous 
hormone action, modulating the synthesis and metabolism 
of endogenous hormones, or altering hormone receptor 
production (So nn enschein and Soto, 1998) . Therefore, 
complex real-life mixtures can interact with the hormone 
messengers involved in cell differentiation and growth, and 
could affect all phases of reproduction. 

Traditional diets of Northern populations are contaminated 
with a complex mixture of organochlorines (Dewailly et 
al., 1993; Kuhnl ein et al. , I 995; C han et al., 1997) . 
Consequently, this unusually high exposure has elevated 
their levels in the blood (Ayotre et al., 1997), breast milk 
(Dewailly et al ., 1996), placenta (Lagueux et al ., 1999) and 
other organ tissues (Dewailly et al., 1999). 
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Reproductive health risks associated with these contaminants 
include breast cancers (Demers et al., 2000) and male 
reproductive dysfunctions. In men, declining sperm counts, 
testicular cancer, hypospadias, cryprorchodism and small 
penile size have been associated with endocrine disruption by 
organochlorines (reviewed by Cheek and Mclachlan, 1998), 
altho ugh a clear causal role is lacking, resulting in 
unprecedented controversy. Trapp et al. (1984) reported the 
presence of various organochlorine compounds in human 
follicular fluid such as PCBs, DDT, dieldrin and 
hexachlorocyclohexane. Consequently, exposure of the 
gametes (oocytes, sperm) and embryo-foetus to these 
endocrine disruprors is assured by the presence of environ
mental contaminants in the female reproductive tract. 
Furthermore, granulosa cells, which surround the oocyres, 
are highly susceptible to endocrine disruptors such that they 
have been used for in vitro screening of reproductive toxicants 
(Hughes et al ., 1990). In various species, in vitro oocyre 
maturation, fertilisation and embryo development are 
compromised in the presence of certain agents when tested 
individually (Kholkute et al., 1994; Lindow and Fischer, 
1996; Kholkute and Dukelow, 1997; Alm et al, 1998). 
However, this is controversial since other investigations have 
showed no adverse effecrs (Greenfeld et al., 1998). 

Since these investigations were conducted using only one 
chemical in vitro, the relevance to reproduction in vivo is 
questionable. Therefore, the impact of persistent organic 
pollutants on male and female reproduction, as well as on 
fertilisation and embryo development, remains to be 
elucidated in an environmentally-pertinent manner. Most 
studies evaluate the effects of only one or rwo organochlo
rines. In the environment, however, populations are exposed 
to spectrum of compounds (including substances with 
escrogenic, anti-escrogenic or anti-androgen ic capacities). 
A real-life mixture containing components that interact with 
each other in an additive and/or non-additive fashion 
(synergistic or antagonistic) and bind different receprors is 
needed to provide a better representation of what occurs in 
nature. Therefore, our project investigates physiological 
responses to a complex, environmentally-relevant mixture 
of organochlorine chemicals designed to match the levels 
found in ringed seal blubber (Muir, 1995). 

Activities 

In 2001-2002 
I. Inclusion of an organochlorine mixture during in vitro maturation 

or in vitro fertilisation of porcine oocytes affects maturation, 
fertilization and embryonic development. 

Using the pig as a toxicological model for humans, we 
tested the hypothesis that exposure to a mixture of more 

15 



Table 1. Composition of the organochlorine mixture (based 
on the composition found in ringed seal blubber; Muir 1995) 
Compound CAS number % weight 

PCB mixture 32.59 

Technical chlordane 57-74-9 21.30 

p,p'-DDE 72-55-9 19.24 

p,p'-DDT 50-29-3 6.79 

Technical toxaphene 8001-35-2 6.54 

a-HCH 319-84-6 6.17 

Aldrin 309-00-2 2.52 

Dieldrin 60-57-1 2 09 

1,2,4,5-tetrach lorobenzene 95-94-3 0.86 

p,p'-DDD 72-54-8 0.49 

13-HCH 319-85-7 0.46 

Hexach lorobenzene 118-74-1 0.35 

Mirex 2385-85-5 0.23 

-y-HCH 58-89-9 0.20 

Pentach lorobenzene 608-93-5 0.18 

than 15 environmental contaminants negatively affects 

in vitro maturation, fertilization and development of pig 

oocytes. The organochlorine mixture was prepared by 

dissolving the pure powders and oils of organochlorine 

compounds in dimethyl sulfoxide (DMSO) to obtain the 

proportions listed in Table I. 

Dilutions of the stock solution (1:10, 1:100, 1:1000, 

1:10000 and 1:10000) were made in DMSO so that the 

in vitro culture media contain a total concentration of 0.1 % 
DMSO for all treatments. Treatments are expressed in 

terms of total PCB concentration (or final dilution of stock 

solution). The tested doses were: Control without DMSO, 

Control with 0.1 % DMSO ('solvent control '), 4.2 ng/-mL- 1 

(i:107), 42 ng/-mL- 1 (1:106), 0.42 µg/mL - 1 (1:105), 

4 .2 µg-mL·1 (1:104), 42 µg-mL- 1 µg/mL (1:103) . 

I. Effects on oocyte maturation - It was hypothesized 

that exposing immature cumulus-oocyte complexes 

co an organochlorine mixture during in vitro matu

ration would adversely affect oocyte maturation, 

fertilization and subsequent embryo development. 

Porcine cumulus-oocyte complexes were cultured 

in in vitro maturation medium containing increas

ing concentrations of the organochlorine mixture, 

similar to that found in women of highly-exposed 

populations. Organochlorines reduced the quality 

of cumulus expansion and the viability of cumulus 

cells in a dose-response manner. The proportion of 
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apoptotic c umulus ce ll s a lso in creased du e to 

organochlorine exposure. Half of th e oocytes were 

fixed after insemination an d the rem a inders were 

cultured for 8 days. 

2 . Electron microscopy - Dr. Poul H ytrel from Denmark 

(via our collaborator, Dr. Marc-Andre Sirard) invited 

the ream to conduct electron microscopy on the oocytes 

that had been matured in vitro with the organoch lori ne 

mixture. It was hypothesized that the organochlorine 

treatment would alter the ultrastructure of the oocytes, 

reflecting their reduced developmental competence. 

3 . Effects on fertilisation - T he effects of the organochlo

rines on in vitro fertilization and development of pig 

oocytes and sperm exposed during in vitro fertilization 

period were evaluated . Oocyres were co-cultured with 

sperm in in vitro fenilization medium containing increas

ing concentrations of an organochlorine mixture, similar 

to that found in women of highly-exposed 

populations. 

4. Effects on sperm - Given the poor in vitro penetration 

rates of treated sperm (Campagna et a l. , 2002), the 

hypothesis char organochlorines reduce porcine sperm 

quality after incubation in vitro in conditions chat mimic 

the female reproductive trace was rested . Fresh sperm 

were co-incubated with the organochlorine mixture and 

sperm quality was assessed. 

II. Effects of organochlorine serum metabolites on fertilisation 
and development in the pig model. 

Currently the lab is purifying the metabolites from the pig 

serum of organoch lorine treated pi gs (and contro ls; 

Table I). This serum is being reseed for toxic effects on the 

gametes as we have had co ultrapurify the merabolires to 

remove traces of hexane (used in the extraction process). 

Furthermore, rhe lab is now completely competent to 

conduct the in vitro assays as proposed. We are ready to 

start once we obtain ourthe necessary funds are obtained. 

Ill . Susceptibility of the foetus and neonate transplacental and 
lactational exposure to a mixture of organochlorines in the 
rat model. 

This in vivo rat study is still in prel iminary stages, because 

of a lack of personnel funds. The lab is presently co mplet

ing the prel iminary trials o n female rats to confirm the 

organochlorine levels (Table I ) chat wi ll be adm inistered 

during the major study. 
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Results 

Inclusion of an organochlorine mixture during 
in vitro maturation or in vitro fertilization of 
porcine oocytes affects maturation, fertilization 
and embryonic development. 
1. Effects on oocyte maturation - None of the levels of 

rhe organoch lorine mixtures affected the rates of 
oocyte degeneratio n, sperm penetration and develop
ment ro moru la. However, incidence of incompletely 
matured oocyres increased and polyspermy rare 
decreased, both in a dose-response manner with 
increasing organochlorine concentrations. Blastocyst 
formation and number of cells per blastocyst declined 
with organoch lorine concentration. 

2. Electron microscopy- We hypothesized that the orga
nochlorine treatment wou ld alter the ultrastructure 
of rhe oocytes. Very interestingly and in stark contrast 
to our hypothesis, the organochlorines did nor modify 
oocyte ultrascrucrure . 

3. Effects on fertilization- Exposure ro the organochlorine 
mixture diminished the rates of oocyte penetration and 
polyspermy in a linear manner. The mixture did not 
affect the rates of cleavage and development ro mulricell 
embryos. However, development ro blasrocysr stage was 
lower at the h ighest concentration at which oocyte 
penetration was observed. The same experiment was 
performed using oocyres pre-exposed during in vitro 
maturation. This increased exposure to the mixture also 

reduced penetration in a dose-response manner and 

affected polyspermy. Frozen-thawed pig sperm were 
also cultured in an in vitro fertilization medium 

containing the same organoch lorine concentrations. 

Sperm motil iry parameters were immediately reduced 
in a dose-dependant manner by the organochlorines, 
fo llowed by diminished viability 2 h later. 

4. Effects on sperm - With increasing organochlorine 
concentrations, sperm motility reduced markedly at 
expos ure and over time. The sperm motility of the 
contro l group was always h igher than the treated 
groups (P<0.05). Surprisingly, the sperm viability of 
treated groups decreased over rime in a manner 

corresponding to the motility levels, however, nor to 
such a drastic extent. The organochlorines appear, 
therefore, to affect sperm motility to a greater degree 
than viabi lity. Normally, when semen is incubated in 
phys iological conditions, progress ive motility increases 
with rime. This was indeed observed in the control 
group, however, in rhe treated groups, progressive 
moriliry decreased over time in a manner inversely 

proportional to organoch lorine concentration. The 

J.L. Bai ley 

assessment of sperm maturation and membrane Status 

was conducted using the chlorotetracycline Auorescence 
assay. Sperm were stained and classed according ro three 
different Auorescent patterns (uncapacirared, capacitated 
or acrosome-reacted). As the concentrations of organo
chlorines increased, the rates of capacirared and 
acrosome-reacred sperm also increased. In particular, the 
pattern B (corresponding ro capacitated sperm) increased 
considerably with dose (P<0.05). 

Discussion and Conclusions 

Inclusion of an organoch lorine mixture during 
in vitro maturati on or in vitro fertilization of 
porcine oocytes affects maturation, fertilization 
and embryonic development. 
I. Effects on oocyte maturation - Exposing porcine 

cumulus-oocyte complexes ro an environmentally
pertinent organochlorine mixture during in vitro 
maturation disturbs oocyre development, supporting 
recent concerns that such pollutants harm reproductive 
health in humans and other mammalian species 
(Campagna et al., 2001) . 

2. Electron microscopy - We must consider rhar rhe 
reduced functionality of these neared oocytes is there
fore mechanistic, rather than structural. 

3. Effects on fertilization - From these results, it appears 
that the reduced sperm quality would account for the 
decrease in fertilization, polyspermy and blasrocysr 
formation. These results suggest that exposing porcine 
oocyres and sperm to an environmentally-pertinent 

organochlorine mixture in vitro disrupts the oocyre 
block to polyspermy, sperm fertility and further 
embryonic development, supporting recent concerns that 
such pollutants harm reproductive health in humans and 
other species (Campagna er al., 2002) . 

4. Effects on sperm - Our findings are interesting in light 
of observations that both capacirarion and the acrosome 
reaction have been shown to be induced by progesterone 
(Melendrez et al., 1994; Barboni er al ., 1995), suggesting 
that the hormonal properties of orga.nochlorines may even 
affect non-traditional steroidal roles. Conversely, organo
cWorine insecticides also inhibit the ability of human 
sperm to undergo a physiological acrosome reaction 
(Turner et al., 1997). Clearly, these persistent environ
mental contaminants negatively affect male gametes in a 

way that could be manifest as reduced fertility in vivo. 
Contact with organochlorines is detrimental ro sperm 
function and particularly ro sperm motion and membrane 
parameters. The mechanism of damage, however, remains 
ro be determined . 
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Expected Completion Date 
The objectives pertaining to this project will be met by 
March 31, 2003. 
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Abstract 
This project is a continuation of the previous NCP funded 
CINE project entitled "Assessment of Dietary Benefit: Risk 
in Inuit Communities" in which dietary information was 

collected from 1,930 individuals in 18 Inuit communities 
(CINE, 2000). We have estimated the usual or chronic 
average daily exposures over one year to the contaminants 
identified in earlier work as being of greatest concern, 

namely, mercury, lead, PCBs, toxaphene and chlordane. 
Food Frequency Questionnaire (FFQ) data for summer and 
winter and the 24-hour dietary recall data for the fall and 
spring are integrated. Median exposures to these five 
contaminants are ar or below the tolerab le daily intakes 
(TD!s), but the high end consumers have exposures 2 to 

16 rimes greater than the TD Is. The exposures are generally 
higher in males, in older individuals, in summer, and in 

Baffin region. Exposures are generally lower in females, in 
younger individuals, in winter, and in Labrador. The greatest 
source of uncertainty in the results li kely arises from gaps in 
the contaminant data set, including possible regional and 
local variations in contaminant levels. Continued moniroring 

is needed. Our results reaffirm the concerns of earlier exposure 
analyses executed using only the 24-hour dietary recall data 
representing rwo seasons. 
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Key Project Messages 
I. The population distrib ution of daily exposure to mer

cury, lead, PCBs, roxaphene, and chlordane in the Inuit 
over a full year has been estimated for the first rime, by 

integrating food frequency questionnaire data and 
24-hour dietary recall data rep resenting fo ur seasons. 

2 . Median exposures ro these five contaminants are at or 
below the TDls, but the high end consumers have 

exposures 2 to 16 rimes greater than the TD!s. 

3. The exposures are generally higher in males, in older 
individuals, in summer, and in Baffin region. Exposures 

are generally lower in females, in yo un ger individuals, 
in winter, and in Labrador. 

4. The greatest source of uncertainty in the results likely 
arises from gaps in the contami nant data set, includ
ing possible regional and local variatio ns in contam i
nant levels . 

5. These results reaffirm the concerns of earlier ex posure 
analyses executed using only the 24-hour dietary recall 
data representing rwo seasons . 

P.R. Berti 



Objectives 
The overall objective of this project was to estimate 
population distri bution in chron ic expos ure levels to 
contaminants in the diet oflnuit, using the data collected 
in the CINE dietary survey. 

Introduction 
Under the NCP funded CINE project entitled "Assessment 
of Dietary Benefit: Risk in Inuit Communities", dietary 
in format io n was collected from 1,930 individuals in 
18 Inuit communities (CINE, 2000). One of the outcomes 
of the project was the estimation of exposure in the Inuit 
through the diet to four metals and eight organochlorines 
on single days in the fall and the spring. These estimates 
are useful for identifying the communities with the highest 
exposures, rhe contam inants of greatest concern, and rhe 

main dietary sources of the contaminants . However, 

because these estimates were single day exposures, not 
"usual" or chronic exposures, and did not account for the 

summer or winter diet, they do not represent the health 
risk from exposure to these chemicals (which is a function 
of long-term, rather than single-day, exposure). In this 
report we estimate the usual or chronic average daily expo
sures over one year to the contaminants identified in earlier 

work as being of greatest concern, namely, mercury, lead, 
PCBs, toxaphene and chlordane. We did this by analysing 
the previously unused Food Frequency Questionnaire 
(FFQ) data (which provide information on usual traditional 
food intake in the summer and winter), and by applying 
appropriate statistical methods ro the 24-hour dietary 
recalls, representing the fall and spring. 

Activities 

In 2001-2002 
Preparation of the FFQ data set: The FFQ questionnaire 
collected data only on frequency, nor on portion size; for 
this work portion size was imputed using the data from the 
24 hour recall. For each food we estimated intake in 
"grams-day- 1

" by: frequency of consumption over previous 
three months. d - 1 • imputed portion size (g-d - 1

) • 9ld- 1
• 

Update of contaminant data set: A set of rules were applied 
to previously comp il ed contaminant data to impute 
contami nant val ues data to fill gaps in the data set (e.g. 
ri ng seal contam inant values used for missing values for 
harp sea l, hooded seal, ranger seal and bearded seal). 

Conduct exposure analysis: T he FFQ, 24 hour recall and 
con tam inant data sets were integrated to estimate usual 

exposures to five contaminants (reported below). 

P.R. Bert i 

Communicate results to JTK The results were presented to 
ITK, and further breakdown of the results by community will 
be provided to support the ITK communication efforrs. 

Results and Discussion 

Data preparation 
The dietary data, collected and cleaned in previous years, 
is a large, rich data set, representing the diet of the Inuit 
in five regions of the Arctic. Portion sizes were imputed 
for the FFQ data, so that the frequency data could be 
converted to grams-day- 1

, for exposure assessment. The 
food consumption data were merged with food contami
nant data to estimate exposures . 

Traditional food consumption 
The consumption of traditional food is summarized in 
Table 1, with each season shown separately. Note that here 
and elsewhere in this report that FFQ data (summer 
and winter) represent the individuals average intake 
(grams-day- 1

) over the course of the season, whereas the 
unadjusted 24 hour recall data (fall and spring) represent 
only a single day. The distribution of the 24 hour recall 
data is more skewed than the FFQ data. In the 24 hour 
recall data the 50th centile is O grams for every food 
group, and for some very uncommon foods, even the 99th 
cenri le is O grams. In each season, caribou meat is 

consumed by the most people, and is consumed in the 
greatest average amounts. 

Contaminant exposure 
I. In Figure 1 the exposures to mercury (Hg), lead (Pb), 

PCBs, toxaphene (Tox) and Chlordane (Chi) are 
shown, by season. The internal consistency of the data, 
and the close march between these data and anecdotal 
observations (e.g., traditional food consumption highest 
in the summer, lowest in the winter) are good evidence 

of rhe accuracy of the dietary data. 

2. The average exposures by sex and age group are shown 
in Table 2 and by community in Table 3. FFQs and 
24 hour recalls measure different phenomena. Their 
one commonality is that the group average in both 
represents the same thing: average daily intake of the 
group. Therefore, averages can be merged across 
seasons/methods, as in Table 2 and 3, but only 
averages, not cenri les, or any other parameters. 

3. Traditional food consumption and contaminant intake 
are correlated (see Figures 2a and 26, in which each point 
represents a community). The points that fall far above 
the li ne of best fir are those communities that eat a 
disproportionately greater amount of more contaminated 
foods, such as Muktuk. 
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~ I Table 1. Distribution of intake of traditional food, by food group and season, in grams per day(all sites, sexes, age groups combined) 

Fall, (24 hr recall, n=900) Percentile 
Food Group % > O' Mean 5th 25th 50th 75th 95th 99th Max 
Caribou (meat) 37.0 132.9 0 0 0 225 664 915 1351 
Fish flesh 14.2 47.6 0 0 0 0 338 675 1350 
Seal and Walrus (meat) 8.3 32.9 0 0 0 0 338 619 1125 
Whale (blubber, muktuk) 6.1 17.5 0 0 0 0 60 475 800 
Bird (all parts) 5.0 12.8 0 0 0 0 30 394 675 
Small Land Mammal (all parts) L7 6.4 0 0 0 0 0 235 900 
Caribou (blood, marrow, cartilage, fat, organs) 3.7 4.8 0 0 0 0 0 169 1013 
Large Land Mammals (all parts) LI 4.6 0 0 0 0 0 68 1128 
Seal and Walrus (blood, flipper, joint, kauk, skin) L2 4.1 0 0 0 0 0 245 980 
Seal and Walrus (organs) 1.2 3.8 0 0 0 0 0 71 900 
Berries 6.0 3.4 0 0 0 0 20 110 200 
Seal and Walrus (blubber, fat, oil) 2.7 2.4 0 0 0 0 0 100 300 
"Sea food " (Clams, shrimp, plants, etc.) 0.4 1.9 0 0 0 0 0 0 720 
Fish (bones, broth, eggs, fat, head, organs) 0.8 LI 0 0 0 0 0 0 450 
Polar bear (all parts) 0.3 0.6 0 0 0 0 0 0 220 
Whale (broth, meat, organ) 0.2 0.3 0 0 0 0 0 0 225 
Total (all food groups combined) 60 277 0 0 218 450 963 1463 1950 

FFQ (Winter, n= 1000) Percentile 
Food Group % > 0 Mean 5th 25th 50th 75th 95th 99th Max 
Caribou (meat) 94 82 0 15 47 106 301 503 524 
Fish flesh 83 35 0 5 17 43 126 244 714 
Caribou (blood , marrow, cartilage, fat, organs) 92 21 0 I 7 24 84 202 480 
Bird (all parts) 48 16 0 0 0 14 77 198 554 
Seal and Walrus (meat) 44 14 0 0 0 12 73 184 426 
Seal and Walrus (blood , flipper, joint, kauk, skin) 36 9 0 0 0 6 46 145 237 
Seal and Walrus (organs) 30 8 0 0 0 3 50 128 526 
Fish (bones, broth , eggs, fat, head, organs) 64 8 0 0 I 6 34 93 350 
Whale (blubber, muktuk) 46 7 0 0 0 5 33 115 338 
Berries 39 4 0 0 0 3 22 61 240 
Seal and Walrus (blubber, fat, oil) 27 3 0 0 0 1 17 49 124 
Whale (broth, meat, organ) 9 I 0 0 0 0 4 29 139 
"Sea food " (Clams, shrimp, plants, etc.) 15 I 0 0 0 0 5 17 136 
Large Land Mammals (all parts) 13 0 0 0 0 0 I 8 99 
Small Land Mammal (all parts) 17 0 0 0 0 0 I 6 14 

~I Polar bear (all parts) 7 0 0 0 0 0 0 0 10 
Total (all food groups combined) 99.0 209 13 63 138 281 622 1000 1481 
1 % > 0 indicates percentage of individuals who reported consuming food on previous day (in fall and spring}, or in previous 3 months (i.e. winter and summer} 
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Table 1. Continu 
Spring (24 hr rec 
Food Grou 
Caribou (meat) 
Fish flesh 
Seal and Walrus ( 
Whale (blubber, m 
Bird (all parts) 
Polar bear (all pa 
Large Land Mamm 
Caribou (blood, m 
Seal and Walrus ( 
Seal and Walrus ( 
Seal and Walrus ( 
Small Land Mamm 
"Sea food" (clam 
Whale (broth, mea 
Berries 

~d 
111, n=975) 

1eat) 
Jktuk) 

s) 
als (all parts) 
1rrow, cartilage, fat, organs) 
lood , flipper, joint, kauk, skin) 
rgans) 
lubber, fat, oil) 
al (all parts) 
shrimp, plants, etc.) 

:, organ) 

e s fat head or ans) Fish (bones, broth 
Total (all food gr oups combined) 

,929) FFQ (Summer, n= 
Food Group 
Caribou (meat) 
Fish flesh 
Seal and Walrus ( 
Caribou (blood, m 
Fish (bones, broth 
Seal and Walrus ( 
Seal and Walrus ( 
Bird (all parts) 
Whale (blu bber, m 
Berries 

1eat) 
rrow, cartilage, fat, organs) 
eggs, fat, head, organs) 
lood, flipper, joint, kauk, skin) 
rgans) 

Jktuk) 

, organ) 
lubber, fat, oil) 
, shrimp, plants, etc.) 
al (all parts) 
llS (all parts) 
s) 

Whale (broth, mea 
Seal and Walrus ( 
"Sea food" (Clam 
Small Land Mamm 
Large Land Mamm 
Polar bear (all part 
Total (all food _g_ro ups combined) 

%> 0 Mean 5th 
40.4 163.5 0 
12.8 44.I 0 
6.3 20.4 0 
2.5 8.9 0 
2.5 8.2 0 
1.4 5.5 0 
1.6 5.4 0 
2.4 4.7 0 
0.9 2.1 0 
0.7 1.6 0 
1.6 1.4 0 
0.5 1.2 0 
0.4 0.5 0 
0.2 0.4 0 
1.0 0.2 0 
01 0.0 0 
56 268 0 

%> 0 Mean 5th 
94 77 0 
93 76 0 
63 33 0 
93 28 0 
80 24 0 
53 24 0 
48 22 0 
74 22 0 
68 18 0 
88 13 0 
36 6 0 
36 6 0 
37 4 0 
13 I 0 
10 0 0 
3 0 0 

99.8 355 37 

Percentile 
25th 50th 75th 95th 99th Max 

0 0 225 676 1350 1820 
0 0 0 450 675 905 
0 0 0 225 450 900 
0 0 0 0 400 800 
0 0 0 0 450 675 
0 0 0 0 225 900 
0 0 0 0 225 750 
0 0 0 0 225 900 
0 0 0 0 0 500 
0 0 0 0 0 563 
0 0 0 0 60 300 
0 0 0 0 0 450 
0 0 0 0 0 338 
0 0 0 0 0 338 
0 0 0 0 3 60 
0 0 0 0 0 28 
0 169 450 1012 1576 3635 

Percentile 
25th 50th 75th 95th 99th Max 
15 44 100 287 411 869 
17 44 97 242 466 1036 
0 9 38 149 328 542 
3 10 28 107 287 939 
0 7 25 103 247 475 
0 3 24 110 255 507 
0 0 19 117 260 463 
0 4 20 94 237 1595 
0 6 22 74 189 333 
3 7 16 51 86 143 
0 0 4 33 73 281 
0 0 3 35 89 128 
0 0 3 18 67 92 
0 0 0 I 28 81 
0 0 0 I II 93 
0 0 0 0 0 30 

124 253 463 962 1856 2903 



Figure 1 a. Mean of traditional food intake and contaminant exposure, by season 
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Figure 1 b. 95th centile of traditional food intake and contaminant exposure, by season 
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Table 2. Average exposures, by sex and age group 
ug-kg ' •(d') - ' 

Sex Age TF1 (g•d 1) Hg Pb PCB 

Female 16-40 181 0.51 1.50 0.28 

40+ 345 1.03 2.59 0.58 

Male 16-40 251 0.63 1.79 0.26 

40+ 440 1.24 2.79 0.70 

PTDI: 0.71 3.57 
1 Traditional Food intake, grams•day ·1 

' ug of contaminant exposure-kg of body weight '- day 1 
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Figure 2a. TF intake and Hg exposure, by community 
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Figure 2b. TF intake and chlordane exposure, by community 
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4. The so urce of th e contaminants (results not shown) 

are sim ilar to that reported in Kuhnlein et al. (2000). 

Caribo u meat, for example, contributes 41.2% of the 

total traditional food (by weight), but only 14.9% of 
th e Hg, indicating that caribou meat has a relatively 

low level of Hg, and, in terms of H g, is a relatively 

"safe" food. Conversely, Seal and Walrus blubber, fat 

and oil , whi ch are o nl y I. I% of the total traditional 

food, contribute 32.2% of the Tox, indicating th e 

la rge exposure of OCs that ca n come from small 
amounts of marine mammal fats. 

P.R. Berti 

Variability in exposure estimates due to uncertainty 
in contaminant levels 
T here is uncertainty in contaminant levels from the 

unmeasured variabi li ty between specific animals -parts - ', 

and regional variabi li ty. In Table 3, the uncertainty intro

duced by local variation is demonstrated. In Igloolik and 

C hesterfield J nlet contam inant data are availa ble for 

loca ll y ha rvested animals (Chan 200 1). The average 
exposure when using "Jgloolik-specific" or "Chesterfield 

Inlet-specific" contaminant data is shown in the red li nes. 
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Table 3. Average traditional food intake and contaminant exposures, by community and region 
ug/kg/d2 

Community TF' (g/d) Hg Pb PCB Tox Chi 

Aklavik 175 0.30 1.04 0.34 0.55 0.17 

Tuktoyaktuk 263 0.59 1.63 0.42 0.75 0.21 

Paulatuk 207 0.32 2.05 0.26 0.35 0.10 

lnuvialuit' 215 040 1.57 0.34 0.55 0.16 

Holman 315 0.87 1.98 0.28 0.35 0.09 

Kugluktuk 269 0.52 2.47 0.12 0.20 0.05 

Cambridge Bay 245 0.73 2.09 0.30 0.48 0.13 

Kitikmeot 276 0.70 2.18 0.23 0.34 0.09 

Baker Lake 213 0.37 1.68 0.05 0.10 0.02 

Chesterfield Inlet 326 0.70 2.72 0.44 0.70 0.19 

Chesterfield Inlet• 326 0.56 1.30 0.34 0.27 0.11 

Rankin Inlet 419 1.20 3.24 0.63 121 0.31 

Kivalliq 321 0.11 2.24 0.37 0.57 0.16 

Resolute Bay 163 0.90 1.02 0.51 0.70 0.19 

Pond Inlet 385 0.99 3.51 0.39 0.63 0.11 

lgloolik 420 1.30 3.28 1.41 4.06 0.73 

lgloolik' 420 1.30 0.60 0.40 0.45 0.18 

Kimmirut 252 0.96 1.42 0.38 0.54 0.14 

Qikiqtarjuaq 400 1.56 2.75 1.30 2.01 0.42 

Baffin 324 1.14 240 0.80 1.59 0.32 

Nain 270 0.61 2.07 0.15 0.21 0.06 

Hopedale 157 0.40 1.11 0.07 0.07 0.01 

Makkovik 231 0.60 1.18 0.08 0.20 0.02 

Rigolet 241 0.85 0.90 0.10 0.26 0.03 

Labrador 210 0.61 1.06 0.08 0.18 0.02 

TDI: 0.71 3.57 0.2 0.05 
1 Traditional Food intake, grams per day 

' ug of contaminant intake per kg of body weight per day 
3 Regional values are weighed in each community equally 

' Values for lgloolik and Chestertield were also calculated using contaminant data from samples harvested locally (Chan 2001). Compared to the exposures calculated 
using the general Arctic data (the previous line) these exposures are much lower. This is in large because the Walruses near lgloolik have lower contaminant 
concentrations, as they are non-predatory. The graph uses the lower exposure estimates 

The differences are marked, in large part due to the Calculation of usual exposures 
lgloolik walruses having much lower contaminant levels, In general, the population distribu tion of contaminant 
as they are non-predatory, unlike those used in the exposures on a single day will be much wider than the 
generation of the general Arctic data. population distribution of usual exposures. This is a function 
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Table 4. Population distribution of usual contaminant exposure (pg-kg body weight- 1-day- 1) 

TOI 

Hg 0.71 

Pb 3.57 

PCB 

lox 0.2 

Chi 0.05 

Season/Method 

Summer/FFQ 

Fall/24 

Winter/FFQ 

Spring/24 

Summer/FFQ 

Fall/24 

Winter/FFQ 

Spring/24 

Summer/FFQ 

Fa ll/24 

Winter/FFQ 

Spring/24 

Summer/FFQ 

Fall/24 

Winter/FFQ 

Spring/24 

Summer/FFQ 

Fall/24 

Winter/FFQ 

Spring/24 

929 

900 

1000 

975 

Annual 

929 

900 

1000 

975 

Annual 

929 

900 

1000 

975 

Annual 

929 

900 

1000 

975 

Annual 

929 

900 

1000 

975 

Annual 

of the day-to-day variabi lity in the human diet - one 
day an l nuk may eat 500 g of caribou liver, and then not 
eat it again for twelve months. The average of the diet on 
many days is needed to arrive at an individual's usual " 
average daily in take. FFQs provides this "usual" average 
diet, single 24 hour recalls do not. In the absence of numer
ous repeated 24 hour recalls on each individual, alternative 
approaches are required to estimate usual daily intake. 
While there are various statistical approaches to this, we 
developed an empirical method, suitable to the Inuit data 
set, based on two observations: I) Group averages from 

P.R. Berti 

Mean 

1.4 

0.7 

0.5 

0.6 

0.8 

2.3 

2.1 

1.6 

2.1 

2.0 

0.5 

0.6 

0.3 

0.3 

0.425 

0.8 

1.2 

0.5 

0.6 

0.775 

0.2 

0.2 

01 
0.1 

0.15 

50th 

0.8 

0.3 

0.3 

0.3 

0.4 

1.5 

1.4 

1.0 

1.4 

1.4 

0.2 

0.2 

0.1 

0.1 

0.1 

0.4 

0.3 

01 
0.2 

0.2 

0.1 

0.0 

0.0 

0.0 

0.0 

95th 

4.5 

2.6 

2.0 

2.2 

3.0 

7.0 

6.6 

5.1 

6.6 

6.3 

2.0 

2.5 

1.2 

L2 

1.8 

3.1 

4.9 

2.1 

2.5 

3.2 

0.8 

0.9 

0.5 

0.5 

0.7 

99th 

7.9 

5.4 

4.0 

4.7 

6.2 

12.6 

11.2 

7.6 

11.2 

10.8 

4.1 

5.9 

3.3 

2.9 

4.2 

5.8 

11.2 

5.6 

5.6 

l3 

17 

2.3 

17 

I.I 

u 

FFQs and the 24 hour recall both estimate the same thing 
- the average daily exposure of the group; 2) The popula
tion distribution of exposures derived from FFQs represents 
the population distribution of usual daily exposures; and 
3) The assumption that the shape of the population 
distribution of exposures will be similar in different seasons. 

Th is assumption is supported by our evaluation of the 
distributions in rhe summer and winter, as derived using 
the FFQs (results not shown). There is a marked consis
tency between seasons in the ratio 95th centile/mean, for 
each of the contaminants (and to a slightly lesser extent for 
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Figure 4. Usual exposures relative to TD ls 

Hg Pb 

■ Mean/PTDI 

the ratios of the 50th/mean and 99th/mean). For the metals 
the 95th centile is about 3.5 times the mean, and for the 
OCs, the 95th centi!e is about 4.25 times the mean. 

Given the accuracy of the means in the 24 hour recalls, 
and the consistency of the shape of the distribution, we 
were able to multiply the means by the "95th/mean" ratio 
(and 50th and 99th/mean) to estimate the usual daily 
exposures in the fall and spring, and over the entire year 
(see Table 4). 

Finally, in Figure 4 ace presented estimates of the population 
distributions of usual exposures relative to the TD Is over an 
entire year. The median intake ace all below the TOI but the 
high end exposed group (top 5%) had intake of mercury, 
toxaphene, and chlordane levels that are 4, 16 and 13 times 
higher than the TDis. As shown in Table 2, this high risk 
group ace older adults, i.e. older than 40 years old. Effects 
of chronic exposure of these three contaminants in this age 
group needs further study. 

All the results presented herein are for the 18 communi
ties combined. The results have also been prepared on a 
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PCB Tox Chi 

5Dth/TDI ■ 951h/TDI 

communiry basis, and are being shared with ITK for their 
community communication efforts . These results are 
available upon request. 

Expected Completion Date 
With the submission of this report, the work is completed. 
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Abstract 

A Comparison of Time-Related Changes 
in Trans-Nonachlor, Oxychlordane and 

Trans-Chlordane Residue Levels in Rat Tissues 
and the Relationship Between 

Tissue Residue Levels, 
Functional Changes and Gender 
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Bureau of Chemical Safety, Food Directorate, Health Canada, Ottawa, 
ON KIA OL2; phone: (613) 957-2051; fax: (613) 941-6959; 
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Project team 
Michael Barker, Gerard Cooke, Ivan Curran, Josee Doucet, Santokh Gill, Eric 
Lok, Rekha Mehta, Olga Pulido, Patrick Robertson, Paul Rowsell , Bureau 
of Chemical Safety, Health Canada, Ottawa, ON; Ross Norstrom and John 
Moisey, Environment Canada, Gatineau, QC. 

To address questions about the relative accumulation and 
toxicity of trans-chlordane and oxychlordane enantiomers, 
adipose tissues from rats treated with oxychlordane, trans
nonachlor and trans-chlordane were analysed for oxychor
dane enanciomers. In addition, adipose from rats created with 
tram-chlordane were analysed for tram-chlordane enanciomer 
residues. T hese analyses provided much needed information 
on the fo llowing: I. potencial changes in enanciomer ratios 
in rat adipose tissues compared to ratios in test chemicals 

prior to dosing; 2. potencial changes in enantiomer residue 
levels in rat adipose tissues over time; 3. potential sex-related 
differences in enantiomer accumulation in adipose tissues. 

Preli minary Statistical analyses indicate chat there were no 

significant differences in final body weights of male or female 
rats treated with oxychlordane, trans-nonachlor or trans
chlordane. In all rats oxychlordane levels in fat declined 
substantially over the 56 day depletion period. Oxychlordane 
and tram-nonachlor residues levels declined more rapidly in 
male rats than in females. 

Key Project Messages 
1. Why is trans-nonachlor more toxic to female rats than 

to male rats? 

2. Is there a relationship between levels of tram-nonachlor 
and oxychlordane in tissues and toxicity, especially after 
time has elapsed since the initial exposure? 
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Objectives 
1. To compare changes in trans-nonachlor, oxychlordane 

and trans-chlordane residue levels over time in male 
and female rat adipose, kidney and liver tissues; 

2. To relate changes in tissue residue levels to sex, total 
body fat , and to biomarkers for toxicological 

changes; 

3. To examine changes in tissue oxychlordane and trans

chlordane enantiomer ratios over time in male and 

female rats; 

4. To provide current information on the toxicity of 

chlordane metabolites and constituents which can be 
used to reduce uncertainty factors used in the calculation 
ofTD!s for chlordane-relaced food contan1inants. 

Introduction 
Chlordane-relaced contaminants are present in traditional 
foods in che Arctic and in human adipose tissue and breast 

milk in North America. The original pesticide, chlordane, 
was a mixture of many structurally-related organochlorines. 
The existing literature provides extensive toxicological data 
on the parent chlordane mixture. Recent studies have 

expanded these data to include toxicological assessments of 
the chlordane constituents tram-nonachlor and cif.nonachlor 
(Bondy et al., 2000), and the metabolite oxychlordane 
(Bondy et al.). These studies indicate that 1ra,z;.nonamlor 

and its major metabolite oxychlordane are the most toxic 
cli.lordane-related contaminants, and that they are more toxic 
to female rats than male rats. Liver microsomal enzymes are 
induced by tranr-nonacliJor, cif.nonacli.1or and oxymlordane. 
Biomarkers indicative of changes in kidney function were 
altered in male rats but not female rats treated with tranr

nonachlor and cif.nonachlor. The present study was designed 

to address the following data gaps based on completed 
research: 

Do trans-nonachlor levels in tissues gradually decline 

after exposure? In conjunction with potential changes 
in trans-nonachlor levels, do oxychlordane levels in 
tissues gradually increase if trans-nonachlor declines 
(indicating chat trans-nonachlor is transformed to 

oxychlordane over time)' Do differences in total body 
fat in female versus male rats account for higher levels 
of trans-nonachlor and oxychlordane in female rat 
adipose tissues? What are the levels of trans-nonachlor 
and oxychlordane in kidneys, and are functional changes 

in male rat kidneys related to tissue residue levels? 

The proposed study will also offer the opportunity to 
investigate the relationship between oxychlordane and 
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trans-chlordane chirality and their toxicological properties. 
When a chiral chemical is synthesized a racemic mixture, 
or 1: 1 ratio, of enantiomers is formed. However, there is 

some evidence char relative accumulation in animal tissues 

may differ for the ( +) and (-) enantiomers of trans

chlordane and oxychlordane. Studies have shown that 

there are apparent species-dependent differences in the 
abundance of trans-chlordane enantiomers accumulating 
in tissues of fish from the Baltic, and chat tissues from 

pigs given cis- or tra11s-ch lordane have higher levels of 
( + )-oxychlordane (Miiller and Buser, 1994). Further

more, there is every reason co believe that the toxici ty 
of the enantiomers of chira l POPs and metabolites wi ll 

be different. Studies using cockroaches have found that 
( + )-cis-heptachlor epoxide was more toxic than th e 
racemic mixture (Miyazaki et al. 1980). In rats the (

o,p-DDT enantiomer is more estrogenic than the ( + 
enantiomer (McBlain and Lewin, 1976) . 

Activities 

In 2001 - 2002 
The animal phase of this study was completed in 2000 
The dose groups and time line are summarized in Table 1 

and Figure 1, respectively. Analyses of adipose, liver and 
kidney tissues for chlordane contam inants continued 

throughout 2001 and were completed in March 2002 
Enantiomer analyses (by collaborators at Environmen1 

Canada) were dependent on the completion of residut 
analyses at Health Canada. Extracts were delivered m 

Table 1. Summary of test groups for each necropsy (1 day, 
28 days and 56 days after dosing) 

Number of rats/group 

Necropsy 1 Necropsy 2 Necropsy 3 

Dose group* (Oct 2000) (Nov 2000) (Dec 2000) 

Control (corn oil) 18'·' 16 16 

Trans-nonachlor 16 16 16 
(2.5 mg/kg) 

0xychlordane 18' 16 16 
(2.5 mg/kg) 

Trans-chlordane 16 16 16 
(2.5 mg/kg) 

Total 68 64 64 
*Total rats required, including 8 quality controls, 204 

• Groups will be composed of 8 males and 8 females. except where designated • 

• Ten control and oxychlordane-treated female rats will be required for the first 
necropsy because data from these animals will also be used to supplement 
previous oxychlordane studies. We have previously exposed female rats to 
I and 10 mg/kg oxychlordane. These rats will be given a full toxicological 
evaluation, which requires a minimum of lO rats per sex. 
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February 2002, enantiomer analyses are completed and 
the data is being analysed. All other clinical and toxico
logical data were completed and summarized in 200 I. 

Results 
Preliminary statistical analyses indicate that there were no 
sign ificant differences in final body weights of male or 
female rats treated with oxychlordane, trans-nonach lor ot 
trans-chlordane (Table 2). During the depletion phase of 
the study all rats gained weight consistently. 

Total body fat levels were determined in male and female 
rats at each of the necropsy time points (Table 3). For each 
rat, all subcutaneous and abdominal body fat deposits were 
dissected mechanically and weighed . Body fat levels 
increased with age in both male and female rats, and were 
higher in male rats. These data were used to calculate total 
chlordane body burdens in treated rats. 

Preliminary analyses indicate that there were few significant 
or consistent changes in clinical and renal function indica
tors (data not shown). 

Analyses of adipose tissue residue levels in male and female 
rats are summarized in Tables 4 and 5. Oxychlordane is a 

major metabolite of trans-nonachlor and trans-<:hlordane 
and was found, along with the parent compound, in fat 
from animals treated with trans-nonachloc or trans
ch lordane. In all rats oxychlordane levels in fat declined 
substantially over the 56 day depletion period. Oxychlor
dane and trans-nonachlor residues levels declined more 
rapidly in male rats than in females. Nonetheless, because 
body fat levels are higher in male rats, total contaminant 
body burdens were higher at the end of the 28-day dosing 
period in male rats treated with oxychlordane and trans
nonachlor. Similar swnmaries will be prepared for residue 
data from liver and kidney tissues. 

Relative oxychlordane enantiomer levels, expressed as enan
tiomer fractions or EFs, in adipose tissues from male and 
female rats are swnmarized in Tables 6 and 7. At the end of 
the 28 day dosing period (- )oxy levels dominated in adipose 
tissues from all treatment groups. Over the depletion period 
( + )oxy levels decreased even funher relative co ( - )oxy levels, 
resulting in declining oxy EF values as the depletion period 
progressed. This trend was particularly pronounced in male 
rats. Similar data summaries will be prepared for ( + )oxy
chlordane and ( - ) oxychlordane in liver and kidney tissues 
and for trans-<:hlordane enantiomers in fat, liver and kidneys 
from male and female rats. 

Table 2. Final body weights of male and female rats exposed to chlordane contaminants for 28 consecutive days by oral gavage 
Final body weight in g (mean ± SO) after: 

28 d dosing + 28 d dosing + 
Test chemical and dose 28 d dosing 28 d depletion 56 d depletion 

Female rats 

Control 218.1 ± 12.9 266.1 ± 26.8 253.0 ± 15.3 
(corn oil vehicle) 

Oxychlordane 202.4 ± 18.8 243.4±17.8 266.4 ± 15.8 
(2.5 mg/kg bwt) 

/rans-Nonachlor 228.6 ± 11.7 258.6 ± 17.6 263.8 ± 22.7 
(2.5 mg/kg bwt) 

/rans-Chlordane 221.0 ± 10.5 255.9 ± 28.0 266.9 ± 21.8 
(2.5 mg/kg bwt) 

Male rats 

Control (vehic le only) 367.6 ± 35.3 460.4 ± 36.0 488.6 ± 35.1 

Oxychlordane 352.8 ± 22.7 459.3 ± 44.4 496.6 ± 36.6 
(2.5 mg/kg bwt) 

/rans-Nonachlor 390.9 ± 17.6 473.1±18.8 525.6 ± 53.9 
(2.5 mg/kg bwt) 

lrans-Chlordane 368.9 ± 24.6 464.4 ± 28.7 513.9 ± 43.0 
(2.5 mg/kg bwt) 
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Figure 1. Time line for dosing and necropsies of trans-nonachlor, oxychlordane and trans-chlordane-treated rats 

<= 28 d ⇒ <= 28 d ⇒ <= 28 d ⇒ 

x-------- x--------x--------x 
n n n n 

Start dosing End dosing 2nd necropsy 3rd necropsy 

1 st necropsy 

Tab le 3. Body fat composition of male and female Sprague-Dawley rats 

Females 

Males 

28 d dosing 

14.0 ± 5.4 

24.8 ± 7.6 

Total body fat in g (mean ± SO} after: 

28 d dosing + 
28 d depletion 

20.0 ± 7.9 

48.9 ± 13.4 

28 d dosing + 
56 d depletion 

26.0 ± 6.0 

57.2 ± 17.0 

Total body fat as a % of body weight (mean ± SO} after: 

28 d dosing + 28 d dosing + 
28 d dosing 28 d depletion 56 d depletion 

Females 

Males 

6.1 ± 2.1 

7.0 ± 1.4 

7.6±2.2 9]±2.0 

10.3 ± 2.2 10.7 ± 2.5 

Table 4. Tissue residue levels and mean total body burdens of chlordane contaminants in abdominal fat from female rats 
exposed to oxychlordane, trans-nonachlor or trans-chlordane for 28 consecutive days by gavage 

Oxychlordane 2.5 mg/kg bwt/day 

28 d dosing 

Oxychlordane residue levels in fat (µgig lipid} 269.4 ± 46.8 

Mean oxychlordane body burden (µg per whole animal) 3326.1 

trans-Nonachlor 2.5 mg/kg bwt/day 

28 d dosing 

Oxychlordane residue levels in fat (µgig lipid) 41.4 ± 3.6 

Mean oxychlordane body burden (µg per whole animal) 577.3 

trans-Nonachlor residue levels in fat (µgig lipid) 107.0 ± 16.0 

Mean lrans-nonachlor body burden (µg per whole animal) 1492.1 

trans-Chlordane 2.5 mg/kg bwt/day 

28 d dosing 

Oxych lordane residue levels in fat (µgig lipid) 

Mean oxyc hlordane body burden (µ g per whole ani mal) 

trans-Chlordane res idue levels in fat (µgig lipid) 

Mean trans-chlordane body burden (µ g per whole animal) 

88.2 ± 14.4 

1189.0 

12.7 ± 7.0 

171.2 

28 d dosing + 
28 d depletion 

182.8 ± 47.7 

3381.5 

28 d dosing + 
28 d depletion 

27.3 ± 5.5 

536.5 

43.9 ± 25.9 

862.8 

28 d dosing + 
28 d depletion 

53 .4 ± 22.5 

1038.5 

0.3 ± 0.4 

5.8 

28 d dosing + 
56 d depletion 

112.0 ± 16.4 

2953.8 

28 d dosing + 
56 d depletion 

20.0 ± 3.2 

522.3 

18.8 ± 7.9 

49 1.0 

28 d dosing + 
56 d depletion 

33.9 ± 10.6 

895.7 

0.0 ± 0.0 

00 

All residue levels are expressed as mean± SO for 6 rats. Mean body burden data were calculated using the following formula: (mean µgig residue in tissue)(mean final 
body weight)(mean % body fat)= mean µg residue per whole animal 
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Table 5. Tissue residue levels and mean total body burdens of chlordane contaminants in abdominal fat from male rats 
exposed to oxychlordane, trans-nonachlor or trans-chlordane for 28 consecutive days by gavage 

Oxychlordane 2.5 mg/kg bwt/day 

28 d dosing 

Oxychlordane residue levels in fat (µ,gig lipid) 201.4 ± 21.3 

Mean oxychlordane body burden (µ,g per whole animal) 4973.8 

lrans-Nonachlor 2.5 mg/kg bwt/day 

Oxychlordane residue levels in fat (µ,gig lipid) 

Mean oxychlordane body burden (µ,g per whole animal) 

28 d dosing 

28.4 ± 4.7 

777.1 

/rans-Nonachlor residue levels in fat (µ,gig lipid) 63.1 ± 14.7 

Mean /rans-nonach lor body burden (µ,g per whole animal) 1726.6 

lrans-Chlordane 2.5 mg/kg bwtlday 

28 d dosing 

Oxychlordane residue levels in fat (µ,gig lipid) 

Mean oxyc hlord ane body burden (µ,g per whole animal) 

/rans-Chlordane residue levels in fat (µ,gig lipid) 

Mean /rans-chlordane body burden (µ,g per whole animal) 

41.2 ± JO.I 

1063.9 

7.2 ± 0.9 

185.9 

28 d dosing + 
28 d depletion 

90.8 ± 18.4 

4295.6 

28 d dosing + 
28 d depletion 

11.4±3.6 

555.5 

11.3 ± 4.0 

550.6 

28 d dosing + 
28 d depletion 

22.9 ± 4.1 

1095.4 

0.2 ± 0.1 

9.6 

28 d dosing + 
56 d depletion 

44.1 ± 4.6 

2343.3 

28 d dosing + 
56 d depletion 

5.1 ± 1.3 

286.8 

2.7 ± 0.5 

151.9 

28 d dosing + 
56 d depletion 

9.0 ± 2.4 

53.0 

0.0 ± 0.0 

0.0 

All residue levels are expressed as mean± SD for 6 rats. Mean body burden data were calculated using the following formula: {mean µgig residue in tissue)(mean final 
body weight)(mean % body fat)= mean µg residue per whole animal 

Table 6. Oxychlordane enantiomer fractions (EFs) in abdominal fat from female rats exposed to oxychlordane, trans
nonachlor or trans-chlordane for 28 consecutive days by gavage 

Oxychlordane EF * 

28 d dosing + 28 d dosing + 
Treatment 28 d dosing 28 d depletion 56 d depletion 

Oxychlordane 0.242 ± 0.069 0.230 ± 0.045 0.098 ± 0.197 
(2.5 mg/kg bwt/day) 

/rans-Nonachlor 0.587 ± 0.121 0.406 ± 0.181 0.349 ± 0.148 
(2.5 mg/kg bwt/day) 

/rans-Chlordane 0.545 ± 0.101 0.253 ± 0.189 0.302 ± 0.159 
(2.5 mg-kg- 1 bwt-day- 1) 

* Formula for Ef calculations, ( + )oxy/[( + )oxy + (- )oxy]. where (+ )oxy and (-)oxy refer to peak area values for each oxychlordaneenant,omer using GC analyses. All 
data are expressed as mean± SO for 6 rats 
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Table 7. Oxychlordane enantiomer fractions (EFs) in abdominal fat from male rats exposed to oxychlordane, trans
nonachlor or trans-chlordane for 28 consecutive days by gavage 

0xychlordane EF * 

28 d dosing + 28 d dosing + 
Treatment 28 d dosing 28 d depletion 56 d depletion 

Oxychlordane 0.141 ± 0.029 0.019 ± 0.015 all (-)oxy 
(2.5 mg/kg bwt/day) 

trans-Nonachlor 0.335 ± 0.068 0.146 ± 0.118 0. 118 ± 0.045 
(2.5 mg/kg bwt/day) 

lrans-Chlordane 0.357 ± 0.079 0.065 ± 0.029 0.035 ± 0.045 
(2.5 mg/kg bwt/day) 

• Formula for Ef calculations, I+ )oxy/ [I+ )oxy + 1-)oxy], where I+ )oxy and (-)oxy refer to peak area values for each oxychlordane enantiomer using GC analyses. All 
data are expressed as mean ± SO for 6 rats 

Discussion and Conclusions 
The results confirm chat oxychlordane is a major metab

olite of both trans-nonachlor and trans-<:hlordane, and 

chat the (- )enanciomer of oxychlordane predominates in 

adipose tissues from boch male and female rats . Although 

all residues declined in adipose tissues over time, 

oxychlordane in particular was more persistent in fema le 

rats. The oxychlordane body burden in female rats 

dropped only I 0-25% over che depletion period, com

pared to 53-95% in male rats. Similarly, EF values foe 

oxychlordane enanciomers dropped more precipitously in 

male rats compared to females, indicating chat ( + )oxy is 
more amenable ro metabolism than ( - )oxy. Based on 

these data it was not possible ro determine whether this 

was due solely to sex-related differences in che rate of 
oxychlordane metabolism, or whether metabolic pathways 

are different in male and female rats. Regardless, the 

relative persistence of oxychlordane in adipose tissues 

from female rats may explain why oxychlordane is more 

roxic than trans-nonachlor and trans-<:hlordane. 
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Abstract 
Th is project in vest igated developmental and neuro

logical effects of a reconstituted pollutant mixture 
based on blood profiles of humans in the Canadian 
Arct ic. Pregnant Sprague Dawley rats were dosed orally 
with 0, 0.05, 0.5 and 5.0 mg-kg- 1-day- 1 of a mixture 
of pollutants during rhe gestational and lactational 
period. A positive control group was treated in the 
same manner with 15 mg-kg- 1-day- 1 of Aroclor 1254 
(Aroclor). Treatment with the 5.0 mg-kg- 1 mixture and 
Aroclor caused decreased li tter weight and pup weight 
gain without affecting maternal weight gain. While 
5.0 mixture and Aroclo r delayed rhe appearance of ear 
open ing, they accelerated eye opening. Decreased grip 
strength was observed in the 0.05 0.5 , 5.0 mg-kg - ' 
mixture and positive control. Aroclor and 5.0 mixture 
altered moror activity and rearing at PND 17 but the 
effects of these abated as animals matured. Effects of 
lower doses of the mixture on activity and rearing 
eme rged as animals matured and females appeared 
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more sensitive than males. Ar PND 17 Aroclor 
decreased startl e responding bur the lowest mixture 
dose affected pre-pulse inhibition responding, suggest
ing altered sensorimotor gating. The effect of th e two 
highest mixture doses on startle responding emerged 
as animals matured (PND 44) as did gender differences 
in rhe effects of rhe mixture. The highest dose of rhe 
mixture delayed puberty in male pups, and decreased 
body weights at puberty in both sexes. Brain neuro
chemical changes were observed in treated rats at rhe 
lowest dose of rhe Arctic mixture . These results dem
onstrate rhar perinatal exposure to this mixture of 

pollutants elicited early developmental and neurologi
cal changes at doses where other toxicological signs 
were nor evident, and that the effects of lower doses of 
the mixture may become more apparent as animals 

mature . Gender differences in the behavioral effects of 
the mixture emerge as normal gender difference 111 

behavior become apparent as animals mature. 
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Key Project Messages 
I. A mixture of persistent organoch lorines was tested in 

pregnant rats for toxic effects. 

2. The highest dose of the mixture (5 mg-kg I bw-day 1
) 

resu lted in decreased litter weight and weight ga ins of 
pups without affecting maternal we ight. 

3. Exposure to the mixture altered normal appearance of 
eye and car opening, and decreased grip strength but had 
no effect on the development of negative geotaxis. 

4 . The lowest mixture dose altered acoustic startle and 
motor activity and gender differences in the effect of 
the mixture emerge as animals mature. 

5 The highest dose of the mixture delayed puberty in 
male, buc not in female pups. 

6 Exposure to the mixture elicited developmental changes 
in the rat pups at dose levels where no toxicological 
signs were observed in dams. 

7 Exposure to the mixture caused changes in the brain levels 
of serotonin and dopaminergic neurorransmictcrs. 

Objectives 
I. This project investigates the early developmental effects 

of exposure to persistent organochlorine pollutants 
found in humans residing in the Canadian Arctic. 

2. This project will investigate a broad range of toxicologi
cal endpoints including neurobehavioral, neurochemical, 
endocrine, reproductive, biochemical, neu ropathological 
and systemic effects. 

3. T his project will examine the relat ionship between 
blood levels meas ured in perinatally exposed anim als 
and toxicological effects, allowing the resul ts to be 
directly compared with ongoing stud ies in Arctic 
populations chat examine blood levels in huma ns. 

4 . The long-term consequences of gescacional and 
lactational exposure wi ll also be studied by examin

ing neu rotoxico logical effects in the offspring during 
their infancy, and juvenile and adult age. 

5. Whe n completed, this stu dy will prov ide pub lic 
hea lth offic ials with a better unde rstandi ng of the 
potenti al hea lth effects of expos ure co mi xt ures of 
persistent environmental pollutants relevant to Arctic 
po pulatio ns. 
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Introduction 
There is an increas ing co ncern chat the health of people 
liv ing in the Canadi an Arct ic may be co mpromised by 
exposure to a w ide va ri e ty of persistent environm ental 

pollu ta nts. In fa nts and fe tuses are th ought to be more 
suscept ible to insults fro m tox ic chemicals because their 
exposure occurs during the peri od o f rapid neural system 
deve lo pment. Mos e co xico logical stu di es in ves ti gate 
effects o f single co mpounds or simple mixtures . For 
instance, neu ro log ica l effects incl ud ing learn ing an d 

memory defi cits have bee n repo rted in laboratory rats 
treated with polychl ori nated biphenyls (Aroclo r 1254) 
(Geller et al. , 200 I; Roegge et al. , 2000 ; W idho lm et 
al. , 2001) . Ep idem iologica l studi es have also revealed 
that infants born from mothers consuming large 
amounts of co nta minated fis h exhi b it disturbances such 
as decreased intellectual ca pac ity, altered attention and 

memory processes, and developmenta l effects (G laden 
ec al. , 1088; Go ldey et al. , 1995; Jaco bso n et al. , 1990 
1993; Lo nkey et al. , 1996). H oweve r, th ere is li ttl e 
in fo rm ation on th e effects of expos ure to mi xtures of 
po llu tants at low leve ls dur ing th e se nsitive neurod evel 
opmental stage. T hi s stu dy was therefo re carried ou t to 

in vestigate th e neu ro log ica l and related toxico logical 
effects in the rat model, and to p rov ide the publi c with 
a better un derstandi ng of the potential effects o f persi s

tent environmenta l po ll utants on Arctic population . 

Activities 

In 2001-2003 
Activities in 200 1-2002 consisted of preparation and analysis 
of the reconsti tuted mixture of persistent pollutants; breedi ng 
and treatment of animals; and conduct of tests for early 
neurodevelopmencal and rep roductive effects. 

All dosi ng, behaviora l tes t ing and tissue collecti on have 
been completed. Ava il ab le behavioral data, reproductive 
data and ini t ial neu rochemistry data are reported below 

T he reconstituted mixture was prepared based on maternal 
blood levels from a series of stud ies on Inui t populations 
(Baffi n Regional Health & Social Service Board , 1997) 
Except fo r toxa phene, which is o f a techni cal grade, the 
fo llowing chemicals had a puri ty of 99% and were procured 
commercially: Aldrin , !3-hexachlorocyclohexane (!3-HC H), 
cis-nonachlor, p,p'-DDE , p,p'- DDT, d ield rin, hexachlo
tobenzene (H C B), hcptachlor cpoxide (!3-isomer), mi rex, 
trans-nonachlor, and methylmercury chloride (MeHgCl), 
and PC B Congeners 28, 52, 99, 10 l , 105, 11 8, 128, 138, 

153, 156, 170, 180, 183 and 187. O xychlordane was gen
erously donated by Julie Fillio n of the Pest Management 
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Regulatory Agency (Ottawa, ON). The dose of each 
chemi cal selected in this project is based on the relative 
amo unts of each chemica l found in blood samples from 
Canadian Arctic populations. Except for mercury, the 
mixture was prepared by quantitatively dissolving individual 
compounds sepa rately into diethyl ether and mixing 
individual ethereal so lutions with corn oil fo ll owed by 
evaporating of the ether. The concentration of each 
chemical in the PCB/OC mixture was then verified by 
Wellington Laboratories (Guelph, ON) using high resolu
tion GC-MS analysis. 

Methyl mercury chloride was first dissolved in corn oil , 
and mixed with that of the organochlorine mixture. The 
actual concentration of each component as determined 
with GC-MS is shown in Table 1. All compounds are 
between 85 and 115% of the nominal concentrations 
(except for dieldrin (83%), heptachlor epoxide (84%), 
oxychl ordan e (62%), toxaphene (61%), mirex (I 16%) 
and PCB 28 (122%)). 

Sevenry-seven nulliparious female Sprague Dawley rats 
weighing 200-230 g and 38 males weighing 320-350 g were 
purchased from Charles River Laboratories, St. Constant, 
Quebec. Upon arrival, females were housed 2 per cage while 
males were individually caged. Room temperature and 

Table 1. Chemical constituents of the mixture. The quantity 
of each chemical for the 5.0 mg-kg 1 dose group shown is 
the actual concentrations measured in dosing solutions. 
Animals were dosed at 1 ml-kg- 1 

PCB Congener mg Organochlorines mg 

28 0.0072 Aldrin 0.0049 

52 0.0154 13-HCH 0.0746 

99 0.0973 cis-Nonachlor 0.0525 

101 0.0145 p,p' -ODE 0.9187 

105 0.0165 p,p'-DDT 0.0569 

118 0.0727 Dieldrin 0.0223 

128 0.0071 Hexachlorobenzene 0.2961 

138 0.2146 Heptachlor epoxide 00232 

153 0.3177 Mirex 0.0291 

156 0.029 Oxychlordane 0.1359 

170 0.0562 Toxaphene 0.0699 

180 0.1522 trans-Nonachlor 0.2203 

183 0.0193 Methyl mercury Cl 1.9965 

187 00795 

Sum PCB 1.0992 Sum Non-PCB 3.9009 

% PCB 22.0% % non-PCB 78.0% 

Total Dose 5.0001 
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humidity were maintained at 22±2°C and 50± I 0%, respec
tively. Food and water were made available to the animals ad 
libitum throughout the study except where operant testing 
was conducted. The lighting was gradually switched to a 
reverse light cycle with the dark cycle being advanced I hour 
per day. Once the light cycle shift was completed (On at 
8 pm and Off at 8 am) the animals remained on this reverse 
light cycle throughout the study. After 3 weeks of habituation 
to the housing conditions, breeding was conducted by trans
ferring 2 females into I male cage. Females were monitored 
twice daily for vaginal plugs . Once a vaginal plug was 
detected, the female was removed from the male cage and 
housed individually with shaved wood bedding. The day of 
detection of a vaginal plug was denoted as gestation day 
(GD) 0. Dosing Started on GD I with a measured amount 
of the mixture in the corn oil solutions deposited on Teddy 
Graham cookies (Nabisco Ltd., Toronto, ON) and the dosed 
cookies were provided to the pregnant darns. A pilot study 
was conducted in wh ich dams were given the mixture up to 
20 mg,kg- 1 to establish the appropriate dose range for the 
main study. For the main study, the animals were dosed daily 
at 0, 0.05, 0.5, 5.0 mg-kg I bw,day I from gestation day I 
to postnatal day (PND) 23, while the positive control group 
was given 15 mg-kg- 1 Aroclor 1254 in the same manner. 
This dosing method permitted administration of contcolled 
doses of the mixture that were adjusted daily on the basis of 
body weight. The darns were monitored for parturition, and 
pups were counted immediately after birth. Litters were 
culled to 4 males and 4 females on PND 4, and pups were 
individually identified and weighed daily thereafter. 

One male and I female pup from a litter were assigned to 
I of 4 groups which were either designated for subsequent 
behavioral testing and necropsies on PND 37, 75, and 250. 
One male and I female from each litter were assigned for 
neuropathology analysis with half the litters from this 
group killed on PND 37, and the remainder killed on 
PND 75. Neuropathology results will be reported separately. 
Measurements of reproductive success and growth included 
number of litters, number of pups, males/females ratio, 
uterine implantation sites, litter weights (P D 1-4), pup 
weights by sex (PND 4-23), weight gain, litter mortality 
rates (before PND 4), pup mortality rates (after PND 4), 
and number of litters with mortality. In addition to the 
analysis of reproductive endpoints, the following neurode
velopmental landmarks were measured in all pups: 

Neg11tive Geot11xis: Beginning on PND 6, pups were 
gently placed snout downward on a 25° inclined surface 
covered with a computer mouse pad. The time required 
(up to 60 sec) for the pups to rotate such that its snout 
pointed upward was recorded. Failure co re-orient on 
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Table 2. Total blood mercury levels (µ,g-L 1 ± s.e.m) in dams and offspring 
Vehicle Aroclor 0.05 mg-kg ' 0.5 mg-kg ' 5.0 mg-kg ' 

Maternal Blood 30.3 (±3.03) 26.4 (±1.71) 511.7 (±49) 5658 (±357) 

0.623 (.030) 

36.9 (±2.47) 

46369 (±5473) 

5.32 (.367) 

249.3 (±28 04) 

Maternal Brain 0.05 (.05) 0.007 (.005) 0.061 (.030) 

Offspring Blood 9.4 (+0.87) 10.6 (±0.48) 

the inclined plane was scored as a failure and the pups 
were retested the following day. 

Eye and Ear Opening: Eye opening and ear opening were 
checked daily starring on PND 10 until their occurrence. 

Grip Strength: Grip strength testing was conducted on 
P D I 0, 12 and 14. Each pup was removed from its 

home cage and the front paws were gently placed on a 
3 mm wire suspended 20 cm above a one-inch layer of 
wood shavings. The length of rime (ro a maximum of 
60 sec) that the pups held themselves suspended from the 
wire was recorded. Pups rhar did not grasp the wire when 
the paws were placed in contact with the wire were given 
a score of O and scored as absent for the grasping re A ex. 

Other behavioral measurements including activity resting, 
holeboard exploration, light-dark emergence testing, 
acquisition of a visual discrimination, partial reinforce
ment extinction testing and delayed spatial alternation 
resting are in progress and will be reported later. 

Seven ro I O days after weaning, the dams were killed by 
guillotine and brains were rapidly removed and frozen on 
dry ice for subsequent mercury analysis. Liver, kidney, 
adrenal glands, lungs, heart and reproductive organs were 
excised and weighed. The tissues were kept in phosphate 
buffered formalin for hisropathological analysis if deemed 
necessary. Liver homogenates were made for microsomal 
enzyme activ ity assays. Blood was collected for serum 
biochemistry and residue analysis. Biochemical, neuropa
thology, molecular biology, neurochemical and endocrine 
assays are in progress and will be reported separately. 

Statistical analysis: Both parametric (analysis of variance, 
A OVA) and non-parametric statistical tests (Kruskal
Wallis; Mann-Whitney U tests) were used depending on 
che specific type of data being analyzed. 

Results 
Mercury Residue Levels: Blood residue levels of mercury 
analyzed in dams and offspring sacrificed at PND 35. As 
shown in Table 2, blood mercury concentrations increased 
in app roximate proportion ro che dose included in the 
mixture. Doses of merhylmercury were 0.02 , 0.2 and 
2.0 mg-kg 1 -day 1 for doses of0.05, 0.5 and 5.0 mg-kg 1 
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12.8 (+ 1.05) 

of the mixture. All mixwre created gro ups had signifi 
candy higher levels of b lood mercury than vehicle or 
Aroclor-rreated anima ls. Moreover, mercury blood levels 
in all mixture dose groups were significantly different 
from each other. Blood mercury levels in Aroclor created 
dams were not different from vehicle controls. Maternal 

brain levels of mercury were also elevated in mixtu r, 
treated groups but only at mixture doses of 0.5 and 
5.0 mg-kg 1

• Brain levels of mercury in Aroclor create 
and 0.05 mixture animals were not different from vehicli 
controls . 

Blood total mercury levels in offspring were also elevated 
in all mixture dosed g roups bur not Aroclor treated 
animals. Like dams, blood levels were also signifi cantly 
different between all mixture dose groups. Mercu rv 
residue levels in bra in of 35 day old offspring are not 
available . 

It is interesting ro note chat in dams both blood and brain 
mercury levels increased I 00 fold with a I 00 fold increa; 
in mercury dose. In contrast, a I 00 fold increase in dosL 

produce a 19 fold increase in offspring residue level 
probably reAecring that the transfer of maternal bloo 
mercury ro offspring is distributed among the entire litter 
More importantly, blood levels in the lowest mixture dose 
group is approxi mately equal to the levels recently reported 
in cord blood in Inuit infants (M uckle refe rence} . 

Reproductive Outcomes: Treatment of rats with the mixture 

had no effects on litter size (F.,.,- = .392, p = .813), and 
number of implantation sires <F.,., = .456, p = .768 
(Table 3). Similarly, there were no significant grou , 

differences in gestation period (F ,,, = .449, p = .773 ), sc 
ratio of the offspring (x', = 5.26, p = .262) and the ratio c 
pups born to implantation sites (F,., = .466, p = .760). 

There was a small increase in pup mortality in the Aroclor 
treated group, however, non parametric analysis indicated 
no significant differences berween groups for either li tter 

mortality (x', = 2.85, p = 0.583) o r pup mortality 
(x'. = 577, p = .2 17) . Except fo r the Aroclor and 5.0 mixture 
groups, post-culling (PND 4) mortalit ies occurred in only 
one litter of each treatment group. All of the pup mortali ties 
in the vehicle group occurred in one litter and are most likely 
a reAeccion of an idiosyncratic response in this litter. The 
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Table 3. Reproductive data and mortality rates 

Vehicle 0.05 0.5 Aroclor 
Number of litters 10 9 10 12 II 

Number of Pups 149 139 147 170 168 

Number of Implantation sites 156 147 1554 179 175 

Mean Number of pups 14.9 (837) 15.4 (882) 14.7 (.837) 14.2 (.764) 15.27 (.798) 

Mean Implant sites (sem) 15.6 (.808) 16.3 (.851) 15.4 (.808) 14.9 (.737) 15.9 (.770) 

Mean Gestation days 22.6 22.6 22.5 22.5 22.1 

Ratio Pups Born/Implant Sites 95.7 0% 94.4% 95.5% 91.8% 95.3% 

Sex ratio at birth(% male) 48.6% 57.3% 511% 53.7% 55.7% 

N' %' N % N % N % N % 

Number of Pup Deaths and% "' PND 2% 5 4% 4 3% 9 5% 4 2% 
of pups that died 4 

> PND 8 10% 1% 1% 7% 13 15% 
4c 

Number of Litters with Mortality :,, PND 30.0% 4 44.4% 4 40.0% 6 50.0% 27.3% 
and% litters with mortality 4 

> PND 10.0% 11.0% 10.0% 3 25.0% 45.5% 
4 

a. Number of pups (or litters) with deaths 

b. Percent mortality in total pup sample or percent of litters with any mortality 

c. Because litters were culled to 4 male and 4 female pups at PND 4. the percent mortality atter PND 4 is based on the percent of the pups available after culling 

small increase in mortali ty in the Aroclor-creaced offspring 
was associated with mortalities in almost half the litters. 

Figu re 1 shows maternal we ight gain during gestation. 
As shown in th e fi gure, body weights increased in all 

groups over days (F<.44 = 680.2, P < .001) and treatment 
had no effect on weight ga in. Although 5.0 mg-kg- 1 of 

the mixture produced a small decrease in maternal 
we ight ga in , the effect did not reach statistical signifi
cance (F

4
_
47 

= 2.203, p = .083) and che interaction 
between time and treatment was not significant 

(F
16

_
188 

= 1.31, p = .200). Litter weight was increased for 
all gro ups between PND 1 and PND 4 ( Figure 2) . 
Although there was little difference in the average pup 
weight on PND I , growth race was decreased in 
offsp rin g exposed co the 5.0 mg-kg - 1 mixture and 
Aroclor. As revea led in Figure 3, the difference in weight 
ga in between che co ntrol and Aroclor and 5.0 mg-kg- 1 

mixture groups became more pronounced over the first 
23 days of life . Repeated measures of ANOVA on che 
transformed body weights confirmed che effect of the 
treatment (F,_

369 
= 46.95, p < .00 I) and that the effect 

of treatment varied over days (F
24

_
1271 

= 21. 17, 
p < .001). Follow-up simple contrast tests revealed that 

the weights of offspring ex posed to Aroclo r or 
5.0 mg-kg I mixture were signifi ca ntl y smaller than 
control animals o n PND 5, 8, 11 , 14, 17, 20, and 
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23 (t's > 2.6, p's < .04). Analysis also confirmed that 
there was a sex difference in body weight (F

4
_
369 

= 10.78, 

p = .00 I) with males being slightly larger than females. 
There was no indication, however, chat the effect of 

treatment was influenced by gender (F4_
369 

= .179 , 
p = .949) or that gender influenced the interaction 
between age and treatment (F

24
_
1271 

= .598 , p = .937). 

Figure 1. Body weights in dams treated with the mixture 
and Aroclor. No treatment significantly altered 
maternal weight gain during pregnancy 
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Figure 2. 

10 

Body weights of litters exposed to the mixture 
or Aroclor. Both Aroclor and 5.0 mixture 
decreased litter weights 
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Figure 4. Negative geotaxis in rat pups was not affected 
by Aroclor or the mixture 
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Developmental Landmarks 
A number of developmental landmarks that normally emerge 
according to a precise timetable after birch were evaluated. 
These landmarks provide indications of the normal pattern 

of development of the neural system. Delays in the occur
rence of these landmarks may indicate treatment related 

impairments in neural system development. Since most of 
rhese resrs measure the presence or absence of an event, 
analyses were conducted using non-parametric analysis of 
variance. Where significant effects were detected with this 
omnibus test, a subsequent discrete Kruskal-Wallis test was 
conducted to determine where group differences occurred. 

Negative Ceotaxis: The effect of the mixture and Aroclor 
on the appearance of negative geotaxis is illustrated in 
Figure 4. Despite the decreases in weight gains among the 
Aroclor and 5.0 mg-kg I mixture groups, treatment did 
not significancly alter the appearance of negative geotaxis 

(x'. = 4.99 , p = .289). 
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Weight gains in offspring to the mixture 
or Aroclor. Both Aroclor and 5.0 mixture 
significantly reduced weight gain until weaning 
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Figure 5. Ear opening was delayed by Aroclor but the 
mixture had only minor effects on ear opening 
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Ear Opening: Figure 5 shows the proportion of animal 
in each treatment group exhibiting ea r opening between 
PND 11 and 17. A n overall Kruskal-Wallis anal ysis 
indicated that there was a significa nt treatme nt effec 

(x'. = 67 .72, p < .001). A subsequent pair-wise test 
indicated that Aroclor sig nifi cantly delayed the onset 
of ea r opening (Mann-Whitney U = 1370, p < .00 1) 
as did 5.0 mg-kg I of th e mixture (Mann-Whitney 

U = 2526, p = .018) . On PND 12 ear opening was 
present in more than 60% of ve hicl e treated animal but 
in less than 20% and 40% of Aroclor and 5.0 mg 
mixture treated groups, respective ly. 

Eye Opening: Figure 6 shows th e impact of treatment on 

the onset of eye opening. As ca n be seen , both Aroclor 
and 5.0 mg-kg I of the mixture decreased th e days to the 
appearance of eye opening. Kruskal-Wa lli s ANOVA 
co nfirmed the treatment effect (x'. = 141.45, p < .001 ) 
and follow-up pairwise comparisons confi rm ed that the 
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Figure 6. Both Aroclor and 5.0 mixture accelerated 
eye opening while the lowest mixture dose 
produced a small delay in eye opening 
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Figure 7. Aroclor and the highest mixture dose 
reduced grip pre-weaning strength 
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veh icle group was significantly different from the Aroclor 
(Mann-Whitney U = 1419, p <.001) and 5.0 mg-kg- 1 

mixture group (Mann-Whitney U = 1139, P < .001). In 
both cases, rh e proportion of animals wirh derectable eye 
opening was increased relative to vehicle contro l groups 
from PND 12 to 14. Pairwise comparisons also revealed 
rhar rhe lowest dose of the mixture (0.05 mg/kg) produced 
a small but signifi cant delay in eye opening (Mann
Whitney U = 2130, p = .036) that is associated primarily 
with a decrease in rhe proportion of animals exh ib iting 
eye opening on PND 13 and 14. The cause of this reversal 
of eye opening at the high dose of the mixture and 
Aroclo r is not clear though others have reported similar 
results following perinatal exposure to Aroclor 1254 
(Goldey et al., 1995). 

Grip Strength was determined by measuring the time that 
an imals maintained grip on the suspended bar on PND 
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days 10, 12 and 14 ( Figure 7). Time values were initial ly 
analyzed with repeated measures of AN OYA. But because 
of violations of assumptions of homogeneity of variance 
and circularity, a log! 0 transformation was conducted on 
grip times and the transformed values analyzed with 
repeated measures of ANOYA. Grip time, while increased 
over days for all groups (F,_

246
= 127.1, p < .001), was 

affected by treatment (F
447 

= 10.3, p < .01). Follow
up contrasts revealed ;hat Aroclor and 0.5 and 
5.0 mg-kg- 1 mixture decreased grip time (p's < 0.05). 
The impact of chemical treatment, however, differed over 
test days as revealed by a significant days by treatment 
interaction (F,_.

94 
= 2.37, p = .016). Follow-up tests indi

cated that Aroclor decreased grip time on PND 12 and 
14 (t's > 2.99, p's < .004) . In contrast, 5.0 mg-kg- 1 of 
the mixture decreased grip time on PND 10 and 
12 (t's > 4.4, p's <.001). There were no differences 
berween male and females nor were there any indications 
that gender influenced grip times. 

Behavioral and Functional Results 

Motor activity 
Motor activity at PND 17 was affected by both Aroclor and 
the mixture. While Aroclor significantly reduced an1bulation 
and rearing (a measure of exploration of the environment) , 
the lowest mixture dose (0.05 mg-kg- 1

) significantly reduced 
ambulation but had no effect on rearing. In contrast, the 
highest mixture dose (5.0 mg-kg- 1) did not alter total 
ambulation but significantly decreased rearing. The lack 
of habituation (a form of non-associative learning) in 
PND 17 offspring is evident from the relatively constant 
ambulation over the course of the 30 min test. 

Motor activity in juvenile offspring at PND 30 was 
decreased by Aroclor but not by any mixture dose. Similar 
to results at PND 17, Aroclor also decreased rearing as 
did the highest mixture dose. The decrease in ambulation 
in all dose groups over the course of the 30 min test 
confirms the normal occurrence of habituation at this age. 
Because rodents normally avoid open spaces, the propor
tion of time spent in the central area of the chamber versus 
the safer area near the periphery of the chamber provides 
indications of reactivity to the open field chamber. The 
rwo lowest mixture doses altered the distribution of time 
spent in the central area of the chamber. Similarly, Aroclor 
increased the amount of time spent in the outer area of 
the activity chamber. 

Motor activity in adults at PND 68 was altered by the 
intermediate dose of the mixture (0.5 mg-kg 1

) but not by 
Aroclor or any other mixture dose. Unlike motor activity 
tescs conducted at PND 17 and 30, the effect of Aroclor 
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Figure 8. Rearing at PND 17. Both Aroclor and 
5.0 mg/kg-' mixture decreased rearing 
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Figure 10. Ambulation at PND 30. Aroclor decreased 
ambulation but the mixture had no effect 
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Figure 12. Time spent in the outer area of open field. 
Both Aroclor and the two lowest mixture doses 
increased the time spent in outer area 

0-8 r-------ccD1704c-=5--=P"'ND:-:3ccO-------, 

Percent Time in Outer Area 

~ 0.7 

1a 0.6 
>= .. 

42 

0.5 

(.036) 

Vehicle O.OSmg/kg 

(.049) 

0.Smg/kg 

Dose 

(.019) 

< .05 

5.0mg/kg Aroclor 

Figure 9. Ambulation at PND 17. Both Aroclor and 
0.05 mg/kg 1 mixture decreased ambulation 
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Figure 11 . Rearing at PND 30. Both Aroclor 
and 5.0 mixture decreased rearing 
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Figure 13. Ambulation at PND 68. 0.5 mg/kg mixture 
decreased ambulation only in the early part 
of the test 
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Figure 14. Rearing time of rats exposed to NCP mixture. 

400 

300 
1a 
I= 
.; 

:e 200 
~ 
C 

~ 

:E 100 

Only the lowest mixture dose increased rearing 
and only in female 

01045 PND 68 
- Female 

Rearing Time c:::J Male 

Veh icle 0.05mg!kg 0.5mg/kg 5.0mg/kg Arotlotl2~ 

Dose 

on ambulation was no longer evident at PND 68. Similarly, 
rearing was no longer affected in animals exposed to 

Aroclo r or 5.0 mg-kg- 1 of the mixture. The decrease in 
ambulation produced by the intermediate mixture dose was 
significant on ly in the first 5 min of the test and was 
evident in both males and females. Because such reductions 
in am bulation in the early part of open field tests are often 
observed in stressed an imals, these results might indicate 

the emergence of altered reactivity in animals exposed to 

the intermediate dose of the mixture as they mature. While 
females exhibited significantly more an1bulation than males, 
there was no indication that gender influenced the effect 
of the mixture on ambulation. The mixture also affected 
rearing in adult animals. Only the lowest dose of the mix
ture altered rearing. This dose produced a significant 
increase in rearing in females. An analysis of the time course 
of rearing indicated that this increased rearing in females 
was due co the el imination of normal habituation in females 
exposed co the lowest mixture dose. Except for rearing in 
these animals, normal habituation was evident for both 
ambulation and rearing. Unlike rearing results at PND 17 
and 30, the effect of Aroclor and 5.0 mixture were no 

longer evident in adults animals tested at 68 days of age. 
Results on time spent in the central area of the chamber 
are not yet available. 

Acoustic startle 
Startle and pre-pulse inhibition curves using three startle 
intensities (95, I 05 and 115 db) and four pre-pulse intensi
ties (50, 60, 70 and 80 db) were evaluated at PND 21. 

Aroclor produced a large suppression in startle responding 
on both startle only and pre-pulse trials. In addition, Aroclor 
attenuated the ability of pre-pulses co reduce startle magni
tude. This attenuation of pre-pulse effectiveness probably 

Figure 15. Startle and pre-pulse inhibition responses at PND 21 . Three startle intensities and four pre-pulse intensities 
were used. Aroclor produced a large decrease in the startle response and reduced pre-pulse inhibition. 
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The lowest mixture dose attenuate pre-pulse inhibition but had little effect on startle response in the absence 
of the prepulse. Lower numbers in red indicate pre-pulse intensities 
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Figure 16. Startle and PPI in females at PND 44. The two 
highest mixture doses increased startle 
responding but this varied with startle and 
pre-pulse intensity. Numbers on X axis 
represent startle intensity (95, 105, 115 db) 
and pre-pulse intensity (50, 60, 70, 80 db) 
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reAecrs a Aoor effect in Aroclor treated animals. The lowest 
mixture dose had no effect on startle responding on startle 

only trials (pre-pulse value = 0). However, 0.05 mg-kg 
mixture attenuated the efficacy of pre-pulses in reducing 
startle responses regardless of startle intensity or pre-pulse 
intensity. o other dose affected startle responding. These 

results suggest that the lowest mixture dose alters neural 
systems mediating sensorimotor gating assessed by pre-pulse 
inhibition. 

Startle and pre-pulse inhibition at PND 44. While data 
analysis in ongoing, preliminary analysis indicates rhar 
the effects of both the chemical mixture and Aroclor on 
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Figure 17. Startle and PPI in males at PND 44. Aroclor 
and the two highest mixture doses reduced 
startle responding independent of startle or 
pre-pulse intensity. Numbers on X-axis 
represent startle and pre-pulse intensities 
(see Fig. 16 legend) 
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Figure 19. Percent correct responses during visual 
discrimination learning in female offspring. 
The highest mixture dose increased choice 
errors but these animals did eventually 
reach level of correct responding seen 
in control animal 
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startle responding is evident at P D 44 and that t • 
effects differ between males and females. In fema le 
Aroclor and 0 .05 mixture produce relatively lirrle impa, 

on startle responding. The two higher doses of the mi x
ture however, attenuate pre-pulse inhibition but th 

degree of disruption depends on the startle intensity. n 
males, Aroclor and the rwo highest mixture doses reduced 
startl e respo ndin g whil e the lowest mi xture dose had no 

impact. T he decrease was independent of pre-pu lse inh. 
bition suggesting a genera l reduction in startle respond111 
rhar is independent of altered sensorirnotor gating. T h, 

downward shift in the inte nsity-response curves for maks 
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Figure 20. Age at puberty A) in female and B) in male pups 
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indicates that Startle responding was affected regardless 
of the startle or pre-pulse inrensity. 

Visual Discrimination learning was tested at PNO 120-135. 
Aroclor exerted no effect on the acquisition of visual 
discrimination responding, a relatively simple operant task 
for rodents. However, offspring exposed to the highest dose 
of the mixture were slower to learn the task (more errors in 
early test sessions) but did achieve control levels of percent 
correct by the end of training. Females consistently made 
fewer errors than males throughout the entire training 
period. T hese results indicate that the highest mixture dose 
affect learning but that the impact appears to be transienr. 

Reproductive effects 
To assess mixture effects on reproductive maturation, all 

female pups were monitored for vaginal opening begin
ning on PND 27 whi le male pups were examined for 

separation of the foreskin from the prepuce beginning 
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Figure 21. Body weight at puberty for (A) female 
and (B) male pups 
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on PND 37. Univariate survival analysis of data for the 
day at which puberty was first observed indicated a 
significant difference between treatments for both males 
and females (Log-Rank x\ = 87.9, p < 0.0001 for 
males; x'. = 14.2, p = 0.007 for females; Figure 20). The 
greatest delay for both sexes was clearly due to Aroclor 
treatment as the proportion of pups attaining puberty 
in this group was always less than the proportion of 
vehicle-treated pups throughout the monitoring period 
for both sexes. When data for Aroclor treated pups were 
excluded and re-analyzed there was no significant effect 
of any treatment for female pups (Log-Rank x', = 3.06, 
p = 0.38) while there was still a significanr treatmenr 
effect for male pups (Log-Rank x', = 32.9, p < 0.0001). 
When data for male pups treated with the 5 mg•kg- 1 

mixture were also excluded no treatment effect was seen 

(Log-Rank x', = 4.59, p = 0.1) suggesting that the 
highest dose of the mixture significantly delayed puberty 
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in male, bur nor fema le pups. Body weight was recorded 

for each an imal on the day on whi ch the vagi na opening 

was observed {females) or the foreskin could be separated 

from the penis (males). Analysis of pubertal body weight, 

using individual pup we igh ts nested withi n the li tter 

Figure 22. Levels of DOPAC and 5-HIAA in the caudate 
nucleus of PND 35 pups after exposure to the 
Arctic mixture or Aroclor 1254. Data are 
average ± standard deviation and significant 
differences (* ) are considered at p < 0.05 
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Figure 24. Levels of 5-HT in the substantia nigra and DA 
in the nucleus accumbens of PND 35 pups after 
exposure to the Arctic mixture or Aroclor 1254. 
Data are average ± standard deviation and 
significant differences (*) are considered 
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effect, indicated that values fo r both ma le and fem ale 

pups were infl uenced by per inata l t rea tm en t {Fu = 

18.8, p < 0.0001, fo r female pups: F4_48 = 5 .41, 

p = 0.0011) . Both ma le and female pups exposed to the 

highest dose of the m ixtu re we re signi fica ntl y smaller 

Figure 23. Levels of 5-HT in the caudate nucleus and HVA 
in the nucleus accumbens of PND 35 pups after 
exposure to the Arctic mixture or Aroclor 1254. 
Data are average ± standard deviation and 
significant differences (* ) are considered 
at p < 0.05 
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Figure 25. Gender differences in 5-HT of the nucleus 
accumbens of PND 35 pups after exposure to 
the Arctic mixture or Aroclor 1254. Data are 
average ± standard deviation and significant 
differences (*) are considered at p < 0.05 
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Figure 26. Gender differences in DA of the nucleus 
accumbens of PND 35 pups after exposure to 
the Arctic mixture or Aroclor 1254. Data are 
average ± standard deviation and significant 
differences (*) are considered at p < 0.05. 

160 

·!a 140 

'[ 110 .. 
f 100 
E 80 
~ 

I :: .. 
10 

l 

~ 

Control* 

- MaleAverage 

c:::::::::::J FemaleAverage 

lI Ll 

~~ 

Low Medium High Aroclor 
N. Accumbens, DA 

Figure 28. lateralization effects in 5-HIAA of the 
substantia nigra of PND 35 pups after exposure 
to the Arctic mixture or Aroclor 1254. Data are 
average ± standard deviation and significant 
differences (*) are considered at p < 0.05 
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than vehicle exposed pups of the same gender on the day 
of puberty as determi ned by Tukey's post hoe test 
(F igure 2 I ). Aroclor treatment also caused a reduction 
in age at vaginal opening in fema le pups while weight 
at preputial se parati o n was not affected by this 
treatment . These results suggest that the mixture does 
influence reprodu ctive development but only at the 

hi ghest dose tested . 

Neurochemical Results - Day 35 Pups 

Methods 
T he neurochemical analys is involves examining the effect 
of perinatal ex pos ure of ra t pups to the POP mixture on 

I. Chu 

Figure 27. lateralization effects in 3-MT of the substantia 
nigra of PND 35 pups after exposure to the 
Arctic mixture or Aroclor 1254. Data are 
average ± standard deviation and significant 
differences(*) are considered at p < 0.05. 
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Figure 29. lateralization effects in HVA of the substantia 
nigra of PND 35 pups after exposure to the 
Arctic mixture or Aroclor 1254. Data are 
average ± standard deviation and significant 
differences (*) are considered at p < 0.05 
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the level of specific neurotransmitters in selected brain 
regions. The methodology is described briefly as follows. 
Immediately after decapitation of the rat, the brain is 
removed quickly, rinsed with ice-cold phosphate-buffered 
saline and weighed. The brain is then carefully cut in half 
along the sagittal plane with o ne half being assigned for 
neurochemistry and the other half for biomarker analysis 
(Santokh G ill). The assignment of the left or right side of 
the brain for neurochemistry and biomarker analysis was 
balanced between dose groups and sexes to address poten
tial lateralization effects. The portion of the b rain for 
neurochemistry is snap frozen on powdered d ry ice and 
srored at -80°C unti l analysis. Frozen brain halves used 
for neurochem istry are sect ioned and specific brain 
regions are then "punched" from the 750 µ, m slices. T he 
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Figure 30. lateralization effects in D0PAC of the nucleus 
accumbens of PND 35 pups after exposure to 
the Arctic mixture or Aroclor 1254. Data are 
average ± standard deviation and significant 
differences (*) are considered at p < 0.05 

40~----------------~ 

Control 

- leftaverage 

C:=::J Rrghtaverage 

Low Medium* High 
N. Accumbens, DDPAC 

Aroclor 

tissue punches are subjected ro ultrasonic disruption in 

perchloric acid, which precipitates rhe proteins. The 

proteins are precipitated by spinning in a microfuge and 

the supernatant is analyzed by HPLC with electrochemi

cal detection; the protein content of the pellet is deter

mined using a modified Lowry assay. The results are 

reported as nanograms of neurotransmitter per milligram 
of protein. 

Results 
Neurotransmitter levels were significantly affected in the 

PND 35 rat pups after gestational and lactational expo

sure to the Arctic mixture, even at the lowest dose level 

of0.05 mg-kg- 1-day- 1
. A dose-dependent decrease in rhe 

level of 5-HIAA in the caudare nucleus was observed in 

pups of both genders, a change which was significant only 

at the highest dose in the males bur even at the lowest 

dose in the females (Figure 22). Unlike 5-HIAA, DOPAC 

in the caudare nucleus was significantly decreased by 

treatment with the Arctic mixture only in rhe male pups 

(Figure 22) while 5-HT was significantly affected only in 

the females (Figure 23). Both HVA (Figure 23) and DA 

(Figure 24) were significantly elevared relative to rhe 

controls in the nucleus accumbens, bur only for the 

female pups. In the substantia nigra, 5-HT was signifi

cantly decreased but again, only for the female pups 

(Figure 24). In all cases, similar trends were evident for 

rhe opposite sex but the changes were not statistically 

significant (Figures 22-24). No other significant dose

related changes were observed for any of the neurotrans

mitters in any region of the brain. 

Gender differences in neurotransmitter levels were 

observed only in the nucleus accumbens for 5-HT in the 
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low dose group (Figure 25) and for DA in the control 

group (Figure 26). In both cases, the levels in the females 

were lower than that for the males. Lateralizarion effects 

were only observed in the nucleus accumbens and in the 

substantia nigra. In the substamia nigra, significant 

differences berween the left and right sides of the brain 

were observed for both 3-MT (Figure 27) and 5-HIM 

(Figure 28) in the contro l group and for HVA in the 

medium and high dose groups (Figu re 29). The left and 

right sides of the brain were also found to be significantly 

different for DO PAC in the medium dose group of the 

nucleus accumbens (Figure 30). 

Significam changes in neurotransmitter levels of PN D 

35 pups were also observed as a result of gestational and 

lactational exposure to Aroclor 1254. While the Arctic 

mixture altered neurotransmitter levels in a number of 

different brain regions, Aroclor 1254 induced changes only 

in the nucleus accumbens. Aroclor treatment elevated both 

HV A (Figure 23) and DA (Figure 24) relative ro the controls, 

as did exposure ro the Arctic mixrure. In contrast ro the 

Arctic mixture, no significant gender differences or lareraliza

tion effects were observed after exposure to Aroclor. 

The PCBs, organochlorines and mercury in the Arctic 

mixture are all known ro affect neurotransmitter levels and 

the combination of PCBs and methylmercury has been 

observed ro synergistically lower rat brain DA content in 
vitro. It is therefore possible that the components of rhe 

mixrure work additively or synergistically to airer 

neurotransmitter levels in this work. Significant effects were 

observed even at the lowest dose level of the Arctic mixture 

(0.05 mg•kg- 1-day- 1
) , which was 300 rimes less than that of 

the dose of Aroclor (15 mg-kg 1-day- 1) and 1,400 times less 

if only rhe PCB content of the mixture was considered. 

Neuropathology and molecular biomarkers 
A derailed gross examination of rhe rats was done at rhe 

35 and 70 day kill dates (35 day pups 50 animals, 70 day 

pups 52 animals). All animals were perfuse with 4% PI A 

and allowed to post 'immersion' fix, processed for paraffin 

embedding, sectioned and stained for light microscopic 
evaluation. 

The brains were processed following our standard proce

dures used for developmental neuropathology. Briefly 

outlined here. Brains were weighed and measurements 

were taken before tissue slices were processed fo r paraffi n 

embedding. Specific brain regions were selected as per 

Paxinos arias of rhe rat brain. All brains were sectioned 

using the 'brain matrix', to include BI plates I 6 / 17; 

B2 18/30; B3 plates 3 I /32; B4 Left Cerebellum mtd 
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sagittal section; B5 Right Cerebellum mid saggital section; 
B6 Frontal lobes. Sections stained with H&E will be used 
for Tier I histopacho logy evaluation and for Tier 2 includ
ing morphometric measurements of the hippocampus, 
che cortex, the corpus callosum. Apoptosis:mitosis ratio 
will be assessed within the anterior subvencri cular zone at 
che level of places 16/17. The neuropathology portion of 
this study is still in progress for data gathering and 
morphomecric analysis . Unstained sections were prepared 
for future histochemical and immunohisrochemical stains 
used as biomarkers of neural injury including Bodian, 
Luxol Fast Blue, and GFAP immunohisrochemiscry. 

For general pathology assessment the following tissues were 
examined: thyroid, parathyroid, esophagus, stomach, heart, 
lung, thymus, mesenteric and poplireal lymph node, spleen, 
ileum, femoral bone marrow, adrenal, colon, pancreas, liver, 

kidney, ovary, uterus, vagina, testis, epididymis, prostate, 

and seminal vesicle. Significant lesions were found in a few 
organs and these will be briefly outlined. 

Liver: 35 Day Groups. Mild heparocellular hypertrophy 
is prevalent in all groups but controls. There is mild multi 
focal hepatitis in controls; in the .05, .5, and 5.0 mg-kg- 1 

gro ups the severiry of this change is mildly increased. In 
the Aroclor animals there is a spectrum of changes includ

ing: hepatocellular farty change, atrophy and apoptosis, 
fibrosis, limited hepatocellular regeneration, cirrhosis, bile 
duct hyperplasia and cholangiofibrosis. 70 Day Groups. 
The only lesion is mild hepatocellular hypertrophy. 

Thymus: 35 Day Groups. 4 of 10 in che 5 mg-kg-' and 
all (9 of 9) in the Aroclor group have mild conical 
atrophy. 70 Day Groups. 3 of 12 in the .5 mg-kg-' , 
2 of 10 in the 5 mg-kg- 1

, and 7 of 12 in the Aroclor 

groups have mild cortical atrophy. 

Spleen: 35 Day Groups. Mild atrophy of B- and 
T-dependenc regions is common in all groups but 
contro ls. 70 Day Groups. Mild cortical atrophy is 

common in all groups but controls. 

Mesenceric Lymph Node: 35 Day Groups. 4 of9 in che 
5 mg-kg- 1 have mild B- or T-dependent atrophy. 11 of 
12 in the Aroclor group have mild to moderate atrophy 
of B- and T-dependent regions. 70 Day Groups. No 

lesions. 

Kidney: 35 Day Groups. 3 of 11 in che .5 mg-kg 1
, 1 of 

10 in the 5 mg,kg- 1, and 2 of 12 in the Aroclor group 
have rare to few basophilic tubules in medulla. Multi focal 
mi ld cortical chronic interstitial nephritis is common in 

all animals. 70 Day Groups. No basophilic tubules are 
present. Chronic interstitial nephritis is common in all. 
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Thyroid: 35 Day Groups. Mild follicular hypertrophy 
and hyperplasia are present in 6 of 11 in the .5 mg,kg- 1

, 

7 of 10 in the 5 mg,kg- 1
, and 9 of9 in the Aroclor group. 

70 Day Groups. These are all within normal limits. Addi
tional sections were prepared and stained with PAS to be 
used by Or. Mike Wade for morphometric analysis. 

Molecular biomarkers (transcriptional analysis) 
For the transcriptional analysis, only halves of che brain 
were used and total RNA was extracted and pooled for 
each individual dose group. Different groups of 
biomarkers were monitored, including che early injury 
markers such as c-fos, c-jun and Hsp 72 and specific 
markers for each cell type in the CNS. Some of these are 
GFAP, SI00, NSE, MAP 2, muscarinic acecycholine 
receptors, escrogen receptor B, GABA receptors, tyrosine 
hydroxlase, PCNA and the markers in the oxidative 
pathways such as superoxidase dismurase (SOO-Zn and 
SOD-Mn) and mirochondrial cytochrome oxidase 
3 (Cox-3). These were monitored for both males and 
females, left and right hemipshere. Hence, approximately 
20 biomarkers were tested in triplicate for each sample. 
The transcriptional changes observed at day 35 were most 
predominant in the males but nor females, no hemispheric 
differences were observed. The altered markers are 
MAP-2, acetycholine esterase, muscarinic acetycholine 
receptor M5, estrogen receptor B and CNP. For the 
results, we are seeing transcriptional differences for the 
che medium dose but not for the low or the high doses in 
the day 35 animals . No changes for any biomarkers in 

day 70. 

Summary 
The present project demonstrates chat perinatal exposure 
of pregnant rats to the mixture produced early develop
mental effects on weight gain, ear opening, and grip 

strength in the offspring. Startle response and motor 
activity were also affected by treatment. It also caused 
neurochemical changes in the brain of the pups. 
Exposure ro the mixture caused delayed puberty in 
males, and decreased body weights at puberty in both 
sexes of pups. While a broad range of other assays are 
being pursued, it is worth noting char the effects were 
observed at dose levels where no maternal effects were 
evident. Further laboratory analyses including molecular 
and neuropathology are being carried out to evaluate 
comprehensively the developmental effects of the Arctic 

mixture. 
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Expected Completion Date 
October 2004. 
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Abstract 
The purpose of this study is to clarify the tole played by 
ch lorinated pesticides, PCBs and heavy metals on the high 
inc idence of infections in Nunavik. These substances 
accumulate in the body of Inuit women in pan due to their 
consumption of sea mammal fat and can be transfetred to 
the fetus during pregnancy and to the infant during breast
feeding. To determine if there is a relation between 
co ntam in ants and infection races, we are reviewing the 

medical charts of 480 ch ildren between 5 and 7 years old 
to record the number of infections during the first 5 years 
of life. Some characteristics of the immune system (comple
ment and cellular immunity) are also being evaluated. 

Key Project Messages 
l. This study investigates poss ible detrimental effects on 

the immune system of Inuit preschool childten that 

may be induced by prenatal and postnatal exposure 
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to persistent environmental contaminants such as 
organochlotine compounds and heavy metals . 

2. The medical charts of 450 preschool children will be 
reviewed and the relation between the incidence of 
infections and contaminants will be evaluated. 

Objectives 

Main objective 
The main objective of this ptoject is to evaluate the effect 
of exposure to organochlorines and heavy metals on the 
infectious diseases incidence of Inuit pteschool children. 

Specific objectives 
I. To determine the incidence of infectious diseases during 

the fitst 5 years ofl ife. 

2. To assess the impact of pre- and post-natal exposure to 
OCs and heavy metals on the incidence of infections. 
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3. To evaluate the status of some components of the 
immune system {complement and celltuar immunity). 

4. To assess the vitamin A status and its influence on the 

incidence of infections. 

Introduction 
The high incidence of infectious diseases (in particular 
meningitis, broncho-pulmonary and middle car infec
tions) in native infants and children from Nunavik has 
been known for many years {Dufour 1988, Proulx 1988). 
The high exposure to OCs could be in part responsible 
for the high incidence of infectious diseases in Nunavik 
{Dewailly et al. 2000). Children exposed in-utero to PCBs 
(born from mothers accidentally exposed to PCBs) were 
found to have more episodes ofinAuenza {Yu et al. 1998), 
bronchitis, pneumonia {Rogan er al. 1988) and middle 
ear diseases associated with clinical complications (Chao 
et al. 1997) than non-exposed matched controls. Unfor
tunately, very few studies have been done on the immu
nocoxic effects of environmental exposure of OCs. 
Nevertheless, there is growing evidence that high maternal 
exposition to these substance through the environment 
could influence some T-cell subsets as well as increase the 
incidence of infectious diseases of the newborns {Swain 
1991, Weisglas-Kuperus et al. 1995, Rylander et al. 1998, 
Dewailly et al. 2000, Weisglas-Kuperus et al. 2000). 

While data on environmental effects of OCs on the human 
immune system are scarce, several immunotoxicological 
studies on laboratory animals have been conducted 
{reviewed by Safe (1994)). lmmunotoxic properties of 
dioxin-like compounds (myelosuppression, thymus atrophy, 
immunosuppression, decreased IgA and lgM concentra
tions, complement inhibition and T-cell subset alteration) 
have been observed in rodents and non-human primates 
(Thomas and Hinsdill 1979, Holsapple et al . 1984, White 

et al. 1986, Tryphonas et al. 1991, Tryphonas et al. 1991, 
Neubert et al. 1992, Esser and Welzel 1993). The immune 
system is particularly vulnerable to immunotoxic agents 
during its development in-utero and during the infancy. 
High maternal burden during pregnancy and lactation 
could lead to permanent defects on the infant's immune 
system (Barnett et al . 1987, Badesha et al. 1995). Perhaps 
the most valuable data on immunotoxic properties of 
dioxin-like compounds on humans were provided through 
the evaluation of a population accidentally exposed to PCB 
in Taiwan {Yu-Cheng disease). Patients who had consumed 
PCB contaminated rice oil had decreased total T-cell and 
activated T-cell counts (Chang et al. 1981), decreased 

lymphocyte spontaneous and PHA-stimulated proliferation 
{Lu and Wu 1985) and lower serum lgA and IgM 
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concentrations (Chang et al. I 981, Lu and Wu 1985). 
Positive responses to delayed-type hypersensibility (0TH) 
test was less frequent and the size of indurations was smaller 

(Chang et al. 1982). 

This project was designed to assess the effect of OCs and 
heavy metals on the incidence of infectious diseases in 

Inuit preschool children ofNunavik. The project is still 
ongoing and no results arc availab le yet. Th is report 
describes the progression of o ur work as of May 2002. 

Activities 

In 2001-2002 
Evaluation of prenatal exposure 

Between 1993 and 1996, an extensive moniroring of the 
level of OCs and heavy metals in cord blood took place 

in Nunavik (Dewailly et al. 1998). This study was funded 
by the ministry of Indian and Northern Affairs (AES) and 
by Health Canada. We are using these data to evaluate 
the prenatal exposure to OCs and heavy metals for these 
children who are now between 5 and 8 years old. 

Contaminants levels are avai lable for 484 children. 

Review of medical charts 

The main component of this project is to review the charts 
of approximately 450 children. We are recording every 
health problem for which medical attention was sought 

during the first 5 years of life. This has proven to be a long 
and painstaking exercise. Nevertheless, the review should 
be completed by the end of Summer 2002. 

Laboratory analyses 

Vitamin A levels in cord blood we re available for only 

134 children out of 484. We wanted to evaluate vitamin A 
level in archived cord blood samples to increase this 
number. We first reanalyzed 30 samples for whi ch 
vitamin A level was already known to make sure that the 

new analysis yielded comparable results and that the 
vitamin A level in frozen samples had not been altered 
during the years. The results of the 2 series of analyses 
were very similar. We then went on with the analysis of 
the 286 archived samples for which vitamin A had not 

been evaluated previously. We now have vitamin A 
concentrations for 420 samples. 

Subgroup of the preschool children neurodevelopmental study 

A ch ildren subgroup of the present project is nested in 
the preschool chi ldren ncurodcvclopmental study {al ready 

funded through the NCP program). Approximately 
110 chi ld ren have been seen at 5 yea rs of age and blood 
samples have been drawn. The results of these analyses 

E. Dewailly 



wi ll be used co evaluate the relation between the actual 
OCs burden and the in fectious diseases incidence for 
these child ren. In fo rmation on tobacco, crowding, breast
feedi ng and socioeconomic status have also been gathered 
and will be used for the evaluation of confounding factors 
in che scaciscical analysis of che present study. 
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Abstract 
Many persistent orga ni c pol lu tants affect the immune 
sysrem. The immunotoxic effects of environmental 
exposure to organoch lorines and heavy metals in young 
children are of great concern since the immune system is 
especially vulnerable during its development in-urero. The 
medical charts of 199 Inui t in fants from Nunavik were 
reviewed from birth to 12 months. The incidences of 
infections were calcu lated and put in relation with 
organochlorines and heavy metals exposure. A subgroup 
of I 15 infants was selected for the immunological analyses 
(cytoki nes, complement, and antibody titer) . Environ
mental prenatal exposure to OCs was associated with a 
higher incidence of infections during the first 6 months 
of life. This increased incidence was mostly observed 
du ring th e first 6 months of life and the association was 
much weaker when infections during the first I 2 months 
of life were considered. The contaminant burden in infant 
blood at 6 months was not associated with infection 
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incidence. These results support the hypothesis of an 
adverse effect of prenatal exposure to OCs on infection 
susceptibility in Inuit infants. 

Key Project Messages 
I. This study investigates possible detrimental effects on 

the immune system oflnuit infants that may be induced 
by prenatal and postnatal exposure to persistent 
environmental contaminants such as organochlorine 
compounds and heavy metals. 

2. A total of 199 infants' medical charts were reviewed 

to assess infectious disease incidence rate during the 
first 6 months of li fe. 

3. It was shown that environmental prenatal exposure to 
OCs is associated with a higher incidence of infections 
during the first 6 months of life. Although the 
associations were not always statistically significant, 
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infants in rhe higher quartiles of exposure ro PCBs 

and ODE had systematically more episodes of 

infections rhan their counterparts in rhe first quartile 

of exposure. 

Objectives 
The main objective of rhis project is ro examine the effects 

of prenatal and postnatal exposure ro organochlorines 
(OCs) and mercury on the immune system of Inuit 

infams from birth to 12 momhs of age. The specific 

objectives include: 

I. Assessmem of rhe prenatal and postnatal exposure ro 

OCs and mercury. 

2. Measurement of some immunological parameters 

(humoral and cellu lar immunity). 

3. Determination of rhe incidence of infections. 

Introduction 
Substantial information concerning the comamination of 

northern marine food by persisrem organic pollutants 
(POPs) and heavy metals is now available (Barrie er al. 

1992, Braune er al. 1999, Bright er al. 1995, Burkow and 

Kallenborn 2000, Lockhart er al. 1992, Muir er al. 1999, 

Muir er al. 1992, Thomas er al. 1992). Chemicals such 
as pesticides [dieldrin, mirex , roxaphene], industrial 

compounds and by-products of industrial processes 

[hexachlorobenzene (HCB), polychlorinated biphenyls 

(PCBs), polychlorodibenzo-p-dioxins (PCDDs) , and 

polychlorodibenzofurans (PCDFs)], as well as heavy 

metals [inorganic and organic mercury, lead, cadmium) 

have been emitted by industrial countries for many years. 

Regularory actions have been taken since the late 1970s 

ro limit their emission but they are still released into the 

environmem due ro improper storage and ongoing use in 

certain pares of the world. 

Exposure ro some OCs, in particular dioxin-like compounds, 

produces a wide variety of immunoroxic effects on animals 

and humans. Alterations ofT-cell subsets, of serum lgA and 

IgM concentrations, of delayed-type hypersensibility (0TH), 

and of complement activation have all been documented in 

rodents, primates and human (Belles-Isles et al. 2002, Chang 

et al. 1982, Esser and Welzel 1993, Hoffman er al. 1986, 

Holsapple et al. 1984, Lu and Wu 1985, Neubert er al. 1992, 

Thomas and Hinsdill I 979, Tryphonas er al. I 991a, Ttypho

nas et al. 19916, White er al. 1986). The development of the 

immune system in-utero and during the infancy is particu

larly sensitive ro immunoroxic agents such as OCs. High 

exposure during the early life could lead to permanent defects 
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of the immune system and thus decrease resistan ce to 

infectious agents (Badesha et al. 1995). 

Organic and inorganic mercury possess cytotox ic activities 
for cellular components of rhe immune system in several 

species of rodents. Merhylmercury, a form of organic 

mercury, can alter non-specific defense mechanisms such as 

inhibition of natural killer (NK) cell activity in rats and mice. 

It also decreases the expression of certain activation markers 

ofT cells (HLA-Dr, IL-2R) (Moszczynski 1997). Moreover, 

it was shown that methyl mercury can affect the functions of 

B cells and therefore reduce the humoral mediated response 

(Moszczynski 1997). Exposure to inorganic mercury induces 

allergies and autoimmune problems in hypersenmive 

individuals (Bagensrose et al. 1999). 

The high incidence of infectious diseases (in particular 

meningitis, broncho-pulmonary and middle ear infections) 

in infants and children from Nunavik has been known fo r 

many years (Bruneau et al. 200 I, Dufour I 988, Proulx 

1988). Because of rhe immunoroxic effects of OCs and 

methylmercury, particularly after perinatal exposure, we 

hypothesized that part of rhe high incidence of infections 

among Inuit infants could be related to the high maternal 

body burden of these contaminants. 

This study is nested in the ongoing PCBs and in f nt 

development scudy and involves 248 Inuit mothers and 

their newborns . We invesrigared possible detrimental 

effects on the immune system of Inuit infants that may 

be induced by prenatal and postnatal (breast feedi ng) 

exposure to OCs and mercury. We evaluated incidence of 

infections through an extensive medical chart review. I" ,e 

immune system status was also evaluated using immu1 .1-

logical markers including the level of antibody produc :d 

by the infant following Haemophilus influenza immunL ,1-
tion, the level of complement components, and rhe k ,el 
of some cycokines. Vitamin A concentration was also 
evaluated in mothers and infants since striking similarrn ·s 

exist between symproms of high dioxin-like compound 

exposure and vitamin A deficiency. 

Activities 

In 2001 - 2003 
The recruirmem ended in April 200 I and the collecnon 

of sample was completed in March 2002. A rota! of 

248 mothers have accepted ro participate in the srudv. 

Considering miscarriages, mortality and withdrawal from 

rhe study; we were able ro included 199 infants in the 

final analyses for infection incidence. Due ro technical 

and logistic problems, 62 infant's samples were included 

in the final biological analysis. The number of participants 
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for whom vitamin A levels were available was insufficient 

co conduce the analysis chat was originally planned. This 
arm of the project wa, abandoned. 

In 2002 and 2003, we perfo rmed al l the database manage
ment, che statistical programming, and the final statistical 
analyses. T he redaction of reports and of a scientific paper 
should be completed by the end of summer 2003. Mose 
results are already ava ilable. 

Results 

2001-2002 
We performed preliminary analyses for the I 44 infants 
for whom the incidence of infection was available. The 
geometric mean concentration for the sum of the 14 PCB 
congeners was 308 .9µg-kg - 1

• PCB-153 was che most 
abundant congener detected in maternal and cord blood 

samples. le was strongly correlated with other PCB con
geners and was used as a surrogate for PCB exposure. 
Children born co mothers who were above the median 
concentratio n fo r conge ner I 53 (311.2µg-kg 1

) were 
included in the "h igh exposure" group . The remaining 
children were included in the "low exposure" group. The 
mean infection incidence rates are presented in Table I. 

We used Poisson regression co evaluate the ratio of the 
incidence race of the high exposure group over chat of the 
low exposure group. Table 2 shows the crude and adjusted 
race ratio . The mu lt ivariate model of the adjusted rate 

ratio included breastfeeding duration, cigarette smoking 
during pregnancy, number of smokers in the house where 
rhe ch ild lived, crowding (number of residents divided by 
the num ber of rooms), the number of children under 
6 years old livi ng with the participant, the sex of the child 

and the age of the mother. 

Table 1. Incidence rates of infectious diseases according 
to exposure status 

Mean incidence rate (episode . person I year 1
) 

Total Low exposure High exposure 
Infection (n =144) (n = 72) (n = 72) 

URTI• 2.3 ± 1.7 2.3 ± 1.8 2.3 ± 1.7 

Otitis media 3.0 ± 1.8 3.2 ± 1.9 2.8 ± 1.7 

Bronchitis 1.1 ± 1.3 0.9 ± 1.1 1.3 ± 1.4 

Pneumonia 0.6 ± 0.9 0.4 ± 0.7 0.8 ± 1.0 

GI infection• 1.0 ± 1.2 1.0 ± 1.1 1.1 ± 1.2 

• URTI = upper respiratory tract infection; GI infection= gastro-intestmal 
infection 
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Table 2. Infectious diseases incidence rate ratios (high 
exposure group: low exposure group) 

Incidence rate ratio 

Crude ratio Adjusted ratio' 
Infecti on (n = 144) (n = 126) 

URTI' I.OJ [ 0.82-1.25] 1.08 [ 0.85-1.37 l 

Otitis media 0.87 [ 0.72-1.05] 0.87 [ 0.70-1.08 l 

Bronchitis 1.34 [0.98-1.83] 128 [ 0.89-1.83] 

Pneumonia 1.69 [ 1.09-2.61 ] 1.63 [ 1.00-2.64] 

GI infection• 1.10 [ 0.80-1.52] 1.18 [ 0.83-1.69] 

' URTI = upper respiratory tract infection; GI infection= gastro-intestinal 
infection 

• Adjusted for breastfeeding duration, cigarette smoking durmg pregnancy, 
number of smokers m the house where the child lived, crowding (number of 
residents divided by the number of rooms) , the number of children under 
6 years old living with the child, the sex of the child and the age of the mother 

2002-2003 
Recruitment and participation 

During the study period, 4 I 7 pregnancies were identified 
in the targeted communities . Of them, we excluded 
47 (11.3%) pregnant women because they had been 
already enrolled in the study during a previous pregnancy 
and 3 women (0 .7%) because of miscarriage. We were 
unable co contact 9 (2.2%) women. Three hundred and 

fifty eight eligible women were thus asked co participate 
and 110 (30 .7%) refused. Ofrhe 248 women willing ro 
participate, we were unable co review the medical chart 
of the 43 infants for the following reasons: 10 (4.0%) 
moved ro another village, 14 (5.6%) were adopted in 
another village, I 1 (4.4%) because of miscarriage or 
perinatal mortality and 8 (3.2%) because the mother 
decided co withdraw from the study. Finally, we excluded 
6 (2.4%) participants because no biological samples were 
available for exposure analysis. A coral of 199 participants 

were included in the final analyses. 

Population characteristics 

The characteristics of the mothers and their infant are 
shown in Table 4. The mothers included in the analysis 
were moscly from Puvirnicuq (45.4%) and lnukjuaq 
(39.3%). The mean age at delivery was 25.2 years and 
most of the mothers smoked during pregnancy (91.4% 
declared smoking at least one cigarette a day with a mean 
of I 0.6 cigarettes a day) . Only 2.6% of the infants were 
not exposed co secondhand smoke ducing their first year 
of life. Breastfeeding was very common and on ly 12.2% 
were not breastfed. Adoption was the main reason for 
exclusive boccie-feeding (83.3%). The mean birch weight 

was 34 54 .4 g. 
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Table 3. Description of infection categories 
Category Code /CPC-2 Code IC0-1 D Infection 

Upper respiratory tract R74 
infections (URTI) 

800.2, 808 .5, JOO, 
J02.8, J02.9, J06 

Acute upper respiratory tract infection 
Acute rhinitis 

Otitis media 

Gastro-intestinal (Gil 
infections 

R72 

H71 

H72 

D70 

D73 

J02.0, J03.0 

H66.0, H66.4, 
H66.9, H73.0 

H65 

AOO to A08 

A09 

Head cold 
Nasopharyngitis 
Pharyngitis 
Coryza 

Streptococcal pharyngitis or tonsillitis 

Acute suppurative otitis media 
Otitis media NOS 
Acute tympanitis 

Otitis media with effusion 
Serous otitis media 
Glue ear 

Gastrointestinal infection or dysentery with specified 
organism 

Diarrhea or vomiting presumed to be infective 
Dysentery NOS 
Gastric flu 

Lower respiratory tract 
infections (LRTI) 

R78 J20 to J22, J40 Acute bronchitis or bronchiolitis 
Acute lower respiratory infection NOS 
Chest infection NOS 
La ryngotrach eobro n c h iii s 
Tracheobronchitis 

R81 A48.l, JIO.O, Jl 1.0, 
Jl2 to Jl6, Jl8 

Bacterial and viral pneumonia 
Bronchopneumonia 
Influenza! pneumonia 
Legionnaire's disease 
Pneumonitis 

N0S = Not otherwise specified; ICPC-2 = International classificat,on of primary care, 2nd edition; IC0-10 = International classification of diseases, 10th ed1t1on 

Incidence of infections 

Infections incidence proportions and rates are derailed in 
Table 5. Otitis media was th e most frequent infection 
diagnosed with a mean of2.8 episodes per infant per year, 
followed by URTI with 2.4 episodes per infant per year. 
Almost all infants have had at least one episode of otitis 
(96.0%) and 17 .1 % have had 5 episodes or more . LRTI 
and urinary tract infection (UTI) required hospitalization 
31.4% and 26.3% of the time, respectively. More than 
half of the in fants (56.8%) were hospitalized at least once 
during their first year of li fe. Only the infection categories 
with a mean incidence rate high er than 1.0 episode per 

infant per year yielded sufficient statistical power to be 
included in further analyses . 

Contaminants burden 

Table 6 shows the co ncentration of contam inants in 
maternal and infant blood. The geometric mean concen
tration, for the sum of the 14 PC B co ngeners in maternal 
blood, was 308µg-kg- 1, ranging from 60 to 195 1µ g- kg- 1. 

58 

The concentration of the su m of the PCB co ngeners \11S 

highly correlated with the congener PCB 153 in materr d 
blood (R' = 0.985). The co rrelation between co rd blood 
and maternal blood was also excell ent both for th e sum 

of the PCB congener and for the congene r PCB 1 .1 
(R' = 0.905 and R' = 0.885, respectively). The geomet 1c 
mean concentration of ODE in materna l blood was 
294µg-kg 1, ranging from 54 ro 2269µg-kg 1. The 
correlation between cord blood and maternal blood ,r 

DOE was also very good (R2 = 0.887). The co ngener I'( 8 
153 and DOE were detected in all samples analyzed. 
Mean co ncentrations of PCBs and DOE were lower 111 

infant blood than in maternal blood. Means co ncentratic n 
in infant blood was 259µg -kg I and 256µg-kg I for rl1e 
sum of PCBs and ODE, respectively. 

Lead co ncentration in matern al blood ranged from 0 .05 
to I .25µmo l-L I with a geometric mean of0.25µ mol-1 . 
Mean mercury co ncent rat io ns we re 49.G nmol-L 1 •1 

blood and 3.37pg·g I in hai r. Mercury and lead were 
detected in all samples analyzed. 
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Table 4. Characteristics of participants 

Characteristics 

Mothers 

Village of residence (n = 196) 

Puvirnituq 

lnukjuaq 

Kuujjuarapik 

Age (n = 199) 

Smoking during pregnancy 
(n = 198) 

Nb of ciga rettes smoked 
per day (n = 181) 

Parity (n = 199) 

Infants 

Sex (males) (n = 199) 

Weight (n = 199) 

Height (n = 183) 

Breastfeeding status (n = 180) 

Never breastfed 

Breastfed between 1 and 60 days 

Mean value 
(± standard deviation) 

or proportion (%) 

45.4% 

39.3% 

15.3% 

25.2 ± 5.8 years 

91.4% 

10.6 ± 5.6 cig. 

2.1 ± 1.9 

57.6% 

3454.4 ± 573.4 g 

50.3 ± 2.2 cm 

12.2% 

16.7% 

Breastfed between 61 and 120 days 12.8% 

Breastfed more than 121 days 58.3% 

PCBs prenatal exposure and infections 

The relation between PCBs prenatal exposure and inci
dence rates is show n in Table 7. In preliminary analyses, 
we found that the association between OCs and incidence 
rates was somewhat stro nger during the first 6 months of 
life. Although this srudy was designed for a I 2 months 
fo llow-up, we also present the results for the first 

6 months of life. For PCBs exposure, during the first 
6 months of life, we observed a statistically significant 
association o nly for LRTI (RR= 1.70, 3rd quartile) in 
the adjusted model. Although not statistically significant, 
almost all others associations were above the unity. When 
the 4 types of infecti ons were combined {labeled all 
in fections in the tables) , the relative rates varied from 
1.19 ro 1.20 in the unadjusted model and from I. I 7 to 
1.29 in the adjusted model. The trend was significant in 
the adjusted model (P = 0.04 ). 

For the 12-mo nth follow-up, most associations were 
weaker that the 6-month fo llow-up and on ly GI infection 

sti ll pointed towards a positive association . The associa
tion was significant for the 3rd qu art ile in the adjusted 

t. Dewailly 

Figure 1. Adjusted incidence rate ratios of the four 
types of infection combined for prenatal 
exposure to selected OCs during the first 
6 months of life. 
Dots represent point estimates and lines 
represent 95% confidence intervals of rate 
ratios of the 2nd (Q2), 3rd (QJ), and 4th (Q4) 
quartiles when compared to corresponding 
first quartile. 
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Table 5. Incidence proportion and mean infection incidence for all participants (n = 199) 

Mean 
Incidence Proportion of episodes Proportion of participants who had at least.. . 

Infection (episodes/person • year) requiring hospitalization 1 episode 3 episodes 5 episodes 

URTI * 2.4± 1.7 1.3% 90.0% 42.7% 12.6% 

Otitis media 2.8± 1.7 0% 96.0% 52.8% 17.1% 

GI infections 1.0 ± 1.1 3.4% 58.8% 10.6% 0.5% 

LRTI * 1.8 ± 1.7 31.4% 73.9% 28. 1% 60% 

Conjunctivitis 0.3 ± 0.6 0% 26.1% 1.0% 0.0% 

Dermatitis/eczema 0.16 ± 0.61 0% 10.1% 1.5% 0.5% 

Impetigo 0.15 ± 0.39 0% 13.1% 0% 0% 

Chicken pox 0.12 ± 0.32 0% 12.1% 0% 0% 

Tonsilitis 0.11 ± 0.37 0% 9.5% 0.5% 0% 

UTI * 0.10 ± 0.42 26.3% 6.0% 1.0% 0% 

* URTI = upper respiratory tract mfectlon; GI = gastro-mtestmal; LRTI :;;:: lower respiratory tract infection; UTI = urinary tract infection 

Table 6. Contaminants concentrations in plasma 

Quartile boundaries 

Contaminant Geometric mean Range 1st 2nd 3rd 4th 

Maternal blood (µg-kg ') 

(PCBs 308 [279-340] 59.6-1951 < 190 [190-296] [296-500] (501 

PCB 153 102 [91.4-113] 14.6-709 < 57.6 [57 6-98.4] [98.4-170] (170 

DOE 294 [267-324] 54.3-2269 < 183 [183-281] [281-472] 2: 4 

HCB 40.0 [36.7-43.6] 6.7-352 <27.0 [27 0-39.7] [39.7-57 9] 2: 57 9 

Oxychlordane 41.2 [37.0-45.9] 7.0-390 < 24.8 [24 8-40 5] [40.5-66.5] 2: 66.5 

cis-nonalclor 12.6 [11.4-14.0] 1.7-114 < 9.1 [9.1-12 8] [12.8-20.2] 2: 20.2 

trans-nonalclor 62.6 [56 8-69 OJ 11.5-578 < 43.3 [43.3-64 9] [64.9-94.7] 2: 94 .t 

Infant blood (µg-kg ') 

(PCBs 259 [218-307] 26.9-3801 < 99.0 [99.0-283] [283-609] (609 

PCB 153 76.1 [62.4-92.9] 1.9-1441 < 28.0 [28 0-95.3] [95 3-199] (199 

DOE 256 [ 214-307] 15.6-4386 < 100 [100-355] [355-618] (618 

HCB 36.3 [30 5-43.2] n.d.-446 < 16.2 [16 2-44.5] [44 5-88 5] (88 

Oxychlordane 33.9 [27.8-41.3] n.d.-881 < 12.8 [12.8-42.0] [42 0-88 3] (88 

cis-nonalclor ll.7[99-13.9] 3.1-169.4 < 4.6 [4.6-13.9] [139-27.7] 2: 27 

trans-nonalclor 46.4 [381-56 5] n.d.-798 < 17.0 [17.0-62.6] [62.6-126] 2: 126 

PCB= polychlorinated b1phenyls; DOE= dichlorodiphenyl tnchloroethylene; HCB = hexachlorobenzene; n.d. = not detected 

mode l on ly (RR= 1.59). Globally, the relations were 

similar in the unadjusted model and in the adjusted 

model for both fo llow-ups . 

DDE prenatal exposure and infections 

The relation between infection incidence and DOE exposure 

seemed stronger than that of PCBs exposure (Table 6). For 
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the 6-month fo llow-up, we detected sign ificant associations 

with otitis (RR= 1.63, 3rd quartile) in the unadj usted model 

and with URTI (RR= 1.56, 2 nd quartile) and otins 

(RR= 1.83, 3rd quartile) in the adjusted model. The trend 

P value was significant for otitis in the unadjusted model 

(P = 0.04) and borderline significant for the adjusted model 

t. Dewa illy 



(P = 0.07) . When the four types of infections were combined, 
we observed significant association for the 2nd (RR= 1.50) 
and 4th (RR = 1.25) quartiles in the unadjusted model, and 

for the 2nd (RR = 1.39) and 3rd (RR= 1.35) quartile in the 
adjusted model. The P value for trend was borderline 
sign ificant in the adjusted model (P = 0.09). Similar to what 
was observed for PCB exposure, almost all associations were 

above the un ity. 

For the 12-monrh fo ll ow-up, we observed sign ificant 
associations for G I infections (RR = 1.49, 2nd quartile) 
in the unadjusted model and for URTI (RR= 1.34, 2nd 
quart ile) and Gl infections (RR= 1.59, 2nd quartile) in 

the adj usted model. For all infections combined, the 
association reached statistical significance only for the 2nd 
quart ile in rhe unadjusted model (RR= 1.16). 

Other chlorinated pesticides prenatal exposure and infecti ons 

Figure 1 shows the effect of prenatal exposure to PCBs, 
DOE, HCB, oxychlordane, cis-nonalclor, and trans

nonalclor on infection incidence. Results are shown for 
the 6-monrh follow-up in the adjusted model. W ith the 
exception of PCBs and ODE, the strongest effect was 
observed with oxychlordane exposure (RRs for the 2nd, 
3rd and 4th quartiles were 1.29, 1.19, and 1.38, respec
tively), followed by trans-nonalclor (RRs for the 2nd, 3rd 
and 4th quartiles were 1.11, I. 18, and 1.19, respectively). 
HCB and cis-nonalclor exposure yielded RRs aro und the 
unity, except for the 4rh quartile (RRs = 1.20 and I. 16 
for HCB and cis-nonalclor, respectively). 

OCs postnatal exposure (mid follow-up) and infections 

We used PCB congener 153 and DOE concentration in 
infant plasma (sampling done at a median age of 7.0 months) 

Table 7. Incidence rate ratio of each PCB quartile of prenatal exposure compared to the first quartile 
Unadjusted model (n = 199) Adjusted model (n = 177)' 

Incidence rate ratio ' P value Incidence rate ratio' P value 
Infection type 2nd quartile 3rd quart ile 4th quartile for trend' 2nd quartile 3rd quartile 4th quartile for trend' 

6-month follow-up 

URTI 1.08 0.98 1.19 0.69 1.08 1.08 1.32 0.22 
[0.76-1.55] [0.68-1.41] [0 84-1.68] [0.69-1.67] [0.71-1.65] [0.87-2.00] 

0titis media 1.33 1.15 1.30 0.17 1.11 0.99 1.39 0.17 
[0 85-2 07] [073-182] [0 83-2.02] [0.65-189] [0.59-1.66] [0.82-2.35] 

GI infections 1.63 1.31 1.55 0.33 1.89 1.52 1.54 0.38 
[0 80-3 34] [0 62-276] [0.75-3.20] [0.78-4 56] [0.65-3.54] [0.66-360] 

LRTI 1.11 1.51 1.01 0.56 1.23 1.70 1.21 0.32 
[0 72-1.73] [1.00-2 28] [0.64-1.58] [0 69-218] [1.02-2.84] * [0.70-2 08] 

All infections' 1.20 1.19 1.20 0.12 1.17 1.20 1.29 0.04 * 
[0 96-1.50] [0 95-1.49] [0.96-1.50] [0 89-1.55] [0.93-1.55] [0.99-1.68] 

12-month follow-up 

URTI 0.93 0.87 1.12 0.81 0.99 0.96 1.23 0.29 
[072-120] [0.67-1.1 3] [0.88-1.43] [0.71-1.36] [0.71-1.29] [0 92-1.65] 

0titis media 1.05 0.97 0.94 0.89 1.02 0.89 0.97 0.89 
[0.83-1.32] [0.76-1.22] [0.75-1.20] [077-1.35] [0.68-1.17] [0.73-1.28] 

GI infections 1.27 1.22 1.05 0.81 1.53 1.59 1.26 0.29 
[0.86-1.88] [0.82-1.82] [0.69-1.58] [0.94-2.49] [1.01-2.49] * [0.78-2 04] 

LRTI 0.87 1.05 0.95 0.52 0.88 1.07 1.05 0.36 
[0.64-1.18] [0.78-1.33] [0.71-1.27] [0 59-1.30] [0.76-1.50] [0.73-1.47] 

All infections' 1.00 0.99 1.01 0.66 1.02 1.01 1.08 0.24 
[0 87- 1.15] [0 86-1.13] [0 88-1.16] [0.86-1.21] [0.86-1.18] [0.92-1.28] 

PCB= polychlorinated biphenyl; URTI = upper respiratory tract infections; GI = gastro-mtestinal; LRTI = lower respiratory tract infections 
1 Model included mother's age, season of birth, year of birth, breastfeeding duration, sex, socioeconomic status of the care giver, tobacco use during pregnancy, village of 

residence and number of children living with the participant 

b Incidence rate rat io when the given quartiles are compared to the first quartile of exposure {Poisson regression) 

' P values for trends were calculated by multivariate regression in which the contaminants concentration (log-transformed) is a contmuous variable 

d We only considered infections with a mean incidence superior to 1.0 episode per year per infant {see methods) 

• P < 0.05 
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Table 8. Inc idence rate ratio of each DDE quartile of prenatal exposure compared to the first quartile 

Unadjusted model (n = 199) Adjusted model (n = 177)' 

Incidence rate ratio' P value Incidence rate ratio' P value 
Infection type 2nd quartile 3rd quartile 4th quartile for trend' 2nd quartile 3rd quartile 4th quartile for trend' 
6-month follow-up 

URTI 1.50 1.06 1.19 0.91 1.56 1.15 1.40 0.24 
[1.05-2.13) [O 72-1.55) [0.82-173] [1.05-2.33] * [0.75-175] [0.90-2.16] 

Otitis media 1.27 1.63 1.50 0.04 * 103 183 1 55 0.07 
[0.79-2.05] [104-2.57] * [O 95-2.38] [0.59-177] [109-307] * [O 90-2.68] 

GI infections 2.16 176 167 0.34 191 166 1.35 0.58 
[102-4.55] * [0.81-382] [0.76-3.64] [084-435] [0.69-397] [O 54-3.42] 

LRTI 1.50 0.98 103 0.92 141 123 0.99 0.98 
[0.99-2.27] [O 63-1.54] [0.66-161] [0.87-2.30] [0.74-2 06) [057-17 1] 

All infections' 150 1.22 125 0.17 1.39 1.35 128 0.09 
[120-187] * [0.97-154] [100-158] * [108-179] * [104-175] * [0.97-168] 

12-month follow-up 

URTI 1.27 103 Ill 0.85 1.34 109 1.30 0.27 
[0.98-163] [0.79-1.34] [0.85-144] [100-178] * [O 81-147] [0.96-178] 

Otitis media LOO 1.12 108 0.36 0.89 108 102 0.72 
[0.79-1.27] [O 89-1421 [O 85-1.361 [O 68-1.171 [O 83-1411 [076-1.35] 

GI infections 149 1.30 1.20 0.98 159 1.27 143 0.59 
[100-2.23] * [0.86-1.96] [0.79-182] [103-2.47] * [O 81-2.00] (0 87-2.34] 

LRTI I.II 0.96 103 0.91 106 LOO LOO 0.99 
(0 83-148] (0 71-129] (0.76-1.38] [0.75-149] [0.71-141] [O 69-142] 

All infections' 1.16 107 109 0.61 1.13 108 1.12 0.40 
[101-1.33) * [0.93-124) [0.94-125) (0.96-1.32] [0.92-126] [O 95-1.33] 

DOE= dichlorod,phenyl tnchloroethylene; URTI = upper respiratory tract mfect10ns; GI = gastro-,ntestmal; LRTI = lower respiratory tract mfect10ns 

• Model included mother's age, season of birth, year of birth, breastfeeding duration, sex, soc1oeconomic status of the care giver, tobacco use during pregnancy, village o1 
residence and number of children living with the participant 

~ Incidence rate ratio when the given quartiles are compared to the first quartile of exposure (Poisson regression) 

P values for trends were calculated by multivariate regression in which the contaminants concentration (log-transformed) 1s a continuous variable 
4 We only considered infections with a mean incidence superior to 1.0 episode per year per infant (see methods) 
*P < 0.05 

to evaluate the effect of postnatal exposure on infection 
incidence. Table 9 shows the incidence rate ratios of all four 
types of infections combined according to the exposure 
quartiles. Results are shown for the first six months of life, 
from 7 to I 2 months and for the entire I 2-month follow-up. 

We observed no obvious rrend with postnatal exposure. Only 
one association was significant for PCBs (0 to 12 months 

follow-up, 2nd quartile, RR= 1.19) in the unadjusted model 
but the statistical significance was lost when we adjusted for 
confounding factors. 

OCs exposure and hospitalization rate 

Neither contam inants studied was associated with the 
incidence of hospitalization for LRTJ or for hospitalization 
for any infection type {results not shown). Unfortunately, 

our study design did not yield eno ugh statistical power to 
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investigate properly if contam inant exposure increased th 
risk of being hospitalized in the group of infants who ha 
had episodes of LRTI. 

Mercury prenatal exposure and infections 

We investigated the relation between infection incidenc 
rates and mercury using blood mercury and mercury 1 

hair. Mercury in hair rep resents the average exposu r, 
across the pregnancy whereas blood mercury reAects th 
exposure of the previous 2 months. o sratisticall 
sign ificant associat ion cou ld be detected and no clear 

patte rn was apparent both fo r blood and hair mercury 
Usi ng blood mercury, sli ght negative associations wer< 
seen for GI infection and otitis but this was not true usin1 
hair mercury. 
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Table 9. Incidence rate ratio of all four types of infection combined for each quartile of postnatal exposure compared to 
the first quartile 

Unadjusted model (n = 176) Adjusted model (n = 162)' 
Incidence rate ratio' P value Incidence rate ratio• P value 

Contaminant 2nd quartile 3rd quartile 4th quartile for trend' 2nd quartile 3rd quartile 4th quartile for trend' 
Oto 6 months 

PCB 153 1.18 1.14 1.03 0.40 1.10 1.17 1.20 0.07 
[0.94- 1.49] [O 90- 1.451 (0.81-1.30] (0.79-1.51] [0.79-1.74] (0.80-1.81] 

DOE 0.96 1.16 0.99 0.55 0.90 1.27 1.28 0.13 
(0.75-1.2 1) (0 92- 1.46) (0.78-125] (0.65-1.26] [0.85-1.90] [0.85-1.93) 

7 to 12 months 

PCB 153 1.19 0.95 0.93 0.14 1.17 0.91 0.96 0.33 
(0.99- 1.44) (0.78-1.17) (0.77-1.14) (0 90-1.51] (0.66-127) (0.68-1.35) 

DOE 1.19 1.04 0.92 0.15 1.22 1.03 1.05 040 
(0 98- 1.44) [O 85- 127] (0.75-1.13) [0.93-1.58] (0.74-1.44) [0.73-1.50] 

Oto 12 months 

PCB 153 1.19 1.03 0.97 0.56 1.13 1.01 1.04 0.74 
[l.03-138) * (0 88- 1.20] [O 83-1.13] [0.92-1.38] [0.78-1.30] (0 80-1.35] 

DOE 1.09 1.09 0.95 0.48 1.06 1.12 1.14 0.80 
(0 94-1.26] (0.94-1.29] [O 81-1.11) [O 88-133] [O 87-1.45] [0.87-1.49] 

PCB= polychlorinated biphenyls; ODE ~ dichlorodrphenyl trichloroethylene 

• Model included mother's age, season of birth, year of birth, breastfeeding duration, sex, socioeconomic status of the care giver, tobacco use during pregnancy, village of 
residence, number of children living with the participant and age when blood sample was drawn 

Incidence rate ratio when the given quartiles are compared to the first quartile of exposure (Poisson regression } 

P values for trends were calculated by multivariate regression in which the contaminants concentration (log.transformed) is a continuous variable 

• P < 0.05 

Parameters of immune system function 

Parameters of immune system function were assayed using 

interleukin (IL)-10, cumor necrosis factor (TNF), and 

complement components (C3 and C4) in cord blood and 

infant blood (Tab le 10). Unfortunately, we were not able 

to evaluare these markers in a great proportion of the 

samples because the volume of blood collected was insuf

fic ient. Person correlation analysis yielded statistically 

significant results for lL-10 and HCB in cord blood and 

for C4 and HCB in infant blood. However, correlations 

with IL-10 and C4 were not constant across the different 

contaminants. These results are hard to interpret because 

of the sma ll number of samples involved and further 

studies are needed to identify the effecr of contaminants 

on immune biomarkers in this population. 

Discussion 

2001-2002 
The results presented in this synopsis of research are 

preli minary. We shall be cautious when inrerpreting the 
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results since many factors can influence the immune 

system function. Before speculating on the effects of PCBs 
on the immune system, one should await the results of a 

more thorough statistical analysis with careful attention 

being paid to other potential confounders and co-variables 

(seasonality, vaccination, small outbreaks, methods of 

diagnostic, vitamin A status, village of residence, reviewer 

of the medical chart, etc.) 

The infants included in this study show a very high rate 

of infections. On average, they have had 3 episodes of 

otitis media and 2.3 upper respirarory tract infections 
(URTI) that were serious enough ro seek medical 

attention. As many as 43% of the infants included have 

had at least 1 episode of pneumonia in the first 12 months 
of life. This high incidence of infectious diseases is 

preoccupying and deserves a !or of attention from publ ic 

health authorities. 

Our results show that prenatal PCB exposure tended to be 

associated with a higher rate of infections, especially lower 

respiratory tract infections. The association was statistically 

significant only for pneumonia. We did not expect to observe 
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Table 10. Pearsons' correlation between contaminants and selected immune system function in cord blood and infant 
blood 

Immune 
system 
marker IPCB 

Cord blood 

IL-10 (n = 37) 0.063 

(0.71) 

TNF-a (n = 38) 0.117 

(0.48) 

Complement C2 0.293 
(n = 20) 

(021) 

Complement C4 - 0.092 
(n = 20) 

(0.69) 

Infant blood 

IL-10 (n = 37) 0.ll0 

(0 56) 

TNF-a (n = 34) -0.094 

(0.59) 

C2 (n = 40) - 0.183 

(0 26) 

C4 (n = 40) 0.121 

(0.91) 

Anti-Hib' (n = 62) - 0.015 

(0 90) 

• Statistically significant (p < 0.05) 

na =not available 
1 Hu moral response following Hib vaccine challenge 

PCB-153 DOE 

- 0.041 - 0.03 1 

(0.81) (0 85) 

0.140 0.060 

(0.40) (0 72) 

0.280 0.263 

(023) (0 26) 

- 0.055 0.115 

(0 82) (0 63) 

0.117 0.155 

(0.49) (0 36) 

- 0.1 12 -0.132 

(0 53) (0 46) 

- 0.164 - 0.172 

(0.31) (0 29) 

0.083 0.083 

(0.61) (0 .62) 

-0.019 0.014 

(0 88) (0 91) 

a large increase in the incidence of benign in fections such as 

commons colds. The subtle effects of OCs will most li kely 

compromise the ability of the immune system co quickly 

eradicate minor infections, thus increasing the probability 

of deteriorating inco a more serious condition like bconchicis 

or pneumonia. O ur results support th is hypothesis since 

PCB exposure was more strongly associated wich serious 
respiratory conditions. 

2002-2003 
In this study, we have shown chat environmental prenatal 

expos ure co so m e O Cs is associated with a h igher 

incidence of in fect ions during the first 6 mo nths of li fe. 

Al tho ugh the associat ions were not always scacisci cally 

significant, in fa nts in the higher q uartiles of exposure co 
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Pearson correlation coefficient 

(p-va lue) 

Trans-
HCB nonalclor Oxychlordane Mirex Mercury 

- 0.034 - 0.071 - 0.090 - 0. ll 5 - 0.014 

(0 84) (0 67) (0 59) (0.49) (0 93) 

0.024 0.061 0.144 0.0ll - 0.042 

(0 88) (0.7 1) (0.39) (0 95) (0.79) 

0.061 0.259 0.162 0.195 0. 167 

(0.79) (0 27) (0.49) (0.41) (0 42) 

0.453 0.225 0.170 - 0.163 0.015 

(0 04) * (0 34) (0 47) (0.49) (0 94) 

0.362 0.288 0.270 0.009 na 
(0 03) * (0.08) (0.11) (0 96) 

- 0. 133 - 0.2 19 - 0.233 - 0.247 na 
(0.46) (0 21) (0.18) (0. 17) 

- 0.172 -0.193 - 0.210 - 0.109 na 
(028) (0 23) (0 22) (0.50) 

0.055 - 0.003 0.053 - 0.040 na 
(0.73) (0 98) (0.76) (0 80) 

- 0.036 - 0.001 0.008 - 0.036 na 
(0.78) (0.95) (0 95) (0.78) 

PCBs and ODE had systemat ica ll y mo re ep isod es ol 
infect ions tha n thei r counterparts in the fi rst quartile ol 

exposu re. T h is increased incidence was moscly observed 

during the first 6 months of life and che associatio n was 

much weaker when infectio ns d uri ng the fi rst 12 month 

of life were co nside red. Furthe rmo re, the contam inan ts 

bu rde n in infant blood at m id fo ll ow-up was no lo nger 

associated with in fect ion incide nce. 

Accidental and occupational exposure to PC Bs has al ready 

been associated with adverse effect on in fectio n susceptibil

ity in infants. Rogan et al. ( 1988) observed chose mothers 

who were exposed to PC Bs eh rough the consumption of 

conta min ated rice oi l (Yu-Cheng acc iden t) re ported a 

higher race of bronchi tis than co ntrols. After exa m ination 
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by cwo otolaryngologists , the same children wece also 
shown to have a h igher prevalence of middle-eat diseases 

than matched controls (Chao et al. 1997) . In Japan, Hara 

(1985) noted chat infants born from wo men who had 
handled PC Bs in a capacito r manufacturet had a higher 

incidence of colds and gastrointestinal complains. 

Evidences of an effect of environmencal exposure to OCs 
on infectio n susce ptibility in children are scarce and 

inconsistent. To our knowledge, the first study addressing 
che questi o n was don e in the G reat Lakes area. The 

Wisconsin Maternal/Infant cohort was designed to evaluate 

che effect upon infa nt heal eh status as a resul t of exposure 
to PCBs through maternal fi sh co nsumption. T he authors 

observed chat fi sh co nsumption durin g pregnancy was 
positively associated with colds, earaches and Au symptoms 

111 infants (S mith 1984). Between I 978 and 1982, Rogan 
et al. (1987) fo ll owed around 900 fa mili es in North
Carolina (USA). They reviewed ch e medical charcs of the 

children and d id noc find any evidence of harmfu l effects 

of PCBs or DOE in the first year ofli fe. In the Netherlands, 
Weisglas-Kuperus ec al. ( 1995) observed no association 

between PC Bs and ch e number of episodes of rh initis, 
bronchi tis, tonsillicis, and ocicis, during the first 18 months 
of life. However, the sam e group of children was seen ac 

42 months and currenc PC B burden was associated with a 
higher prevalence of recurrent middle-ear infections and of 

chicken pox (W eisglas-Kuperus ec al. 2000). Karmaus ec 
al. (200 I) also observed a highec risk for ocicis media, but 

che relation was o nl y present with che combined exposure 
to DOE and PCBs. Finally, our gro up previously showed 

chat exposed Inuit infants had a higher risk of acute ocicis 
med ia during the first year of life (3 rd tertile of exposure 

compared to the first). The relation was significant with 
exposu re to DOE and HCB but remained above che unity 
for PCBs, dieldrin and mirex (Dewailly ec al. 2000). 

Because eva luat ions of both ex pos ure and infectious 
episodes frequen cy vari ed among studies, it is hazardous 

to directly co mpare previously published resu lts with our 
resu lts. Nevertheless, our res ults support the hypothesis 
that the immunotoxic properties o f O Cs could affect the 

health status of prenatally exposed child ren, as did some 
of the above- mentio ned studies o n accidental (Chao et 

al. 1997, Roga n et al. 1988), occupatio nal (Hara 1985), 
and environ mencal (Karma us et al. 200 I , Smi th 1984, 
Weisglas-Kuperus et al. 2000) exposure. In the literature, 

a middle-ear infection is th e most co nsistently reported 
infection associated with prenatal exposure to OCs. In 

our study, the strongest dose- res ponse relat ionship was 
seen with ea r infec ti o ns. However, it is likely chat OCs' 
insults on th e developing immune system wou ld result in 
the increase of inc idence of many di ffe rent types of acute 
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infections, and not on ly ear infections . Coherent with 

that assumption, ou r results showed a highec rate of 
medical consultations for che 4 most freq uent infections 
in infants in the higher exposuce groups, and the race 
ratios wece simi lar to chat observed fo r oticis . Furthec

more, when these 4 types of infections were combined, 
the association was more stable and the magn itude of a 

dose-response relationship was increased, compared to 
chat of the four types of infection taken separately. 

Although it was not in our original study objectives, we have 
shown chat the effect of prenatal exposure was mostly pcesent 
in the first few months, and chat this effect seemed co vanish 
afier six months of life. Furthermore, we found no effect of 
post-natal exposure to OCs with infections. le has already 

been suggested that che immune system is vulnerable co 
immunocoxic products during ics development and chat high 
maternal burden during pregnancy and lactation could lead 
to permanent defects on the infant's immune system 
(Badesha et al. 1995, Barnett et al. 1987) . If our results 

support the hypothesis of a stronger effect during early 
infancy, we were not able to clearly identify any harmful 

affect after che age of 6 months. After a few months of life, 
cumulative environmental influences on the immune system 

may begin co play a larger role, thus increasing the variably 
of response co infections. Furchermore, contriburions of OCs 
burden by breast milk entangled with the beneficial effect of 
breast-feeding on infections might have masked the effect. 
This could explain in pares the discrepancies in rhe results 
of other srudies on OCs and infections, since rhe age of 

children during disease and exposure assessment varied 
considerably among studies. Further studies are needed to 
clarify rhe period during which environmental exposure to 
OCs have a detrimental effect on childrens' health. 

In chis population, most of the OCs included in this 
analysis are strongly correlated. Muckle et al. (200 I) 
already published correlation analyses for a proportion of 
infants included in this cohort. They have shown that 
PCB congeners and chlorinated pesticides are correlated 

with each other, and that cord blood, maternal blood and 
breast milk samples are also well correlated. It is nor 
therefore possible to attribute the effect observed to one 
specific OC. nor are we able to unravel the specific 

contribution of each substance studied . 

In chis study, a review of the medical charts was used to 
evaluate disease frequency. There is only one health center 
in each of rhe 3 Inuit communities included in this study. 
Participants almost always go to chat health cenrer when 

rhey seek medical attention and copies of co nsultations 
done elsewhere are routinely requested to complete the 
charcs when needed . We are therefore co nfident to have 
reviewed a great proportio n of rhe medical co nsultations 

65 



sought by the participants. Nevertheless, we did not 
attempt tO verify every diagnosis, nor did we try tO inquire 
about infections for which medical attention was not 
sought by the parents. Furthermore, we did not find a 
suitable surrogate for the propensity to go to the clinic 
when infants had symproms. Our results are therefore an 
underestimation of the true incidence, especially for 
benign infections. It is possible that this underestimation 

was associated with traditional lifestyle, and thus with 
OCs exposure, but the direction of the bias is unknown. 
However, if such a bias was present, we could assume that 
it would have persisted past 6 months of age. Since results 
for the following 12 months are close, such a bias seemed 
tO have little effect on our results . 

The high rate of infectious episodes in young Inuit children 
has been observed in orthern Canada, the United States 
(Alaska) and Greenland (Banerji et al. 200 I, Holman et al. 
2001, Koch etal. 2002, Proulx 1988, Wainwright 1996). 
Many cultural, environmental and economical factors 
contribute tO this situation and our study population is no 
exception with a mean of almost 9 infection-related medical 
consultations per infant in the first 12 months of li fe. In 

the context of such a high rate of infections, rate ratios of 
around 1.25, like the ones observed in this study, could 

have a tremendous impact on the public health of this 
population. Evidence grows stronger for the adverse effect 
of OCs on infection susceptibly in infants of environmen
tally exposed populations. Awareness and caution in the 
selection of food items before and during pregnancies is 
warranted . Further studies will help clarifying the potential 
contribution of persisting contaminants in the high 
infection rate of these children. 
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Abstract 
The objective of th is research project is to evaluate a risk 
reduction program fo r pregnant wome n exposed to food 
chain conta minants in N un avi k. This program will 

promote the consumption of Arctic char among pregnant 
women livi ng in three selected co m muni ties in Nunavik. 
Arctic char co ntains very few contaminants and is very 

nutritious. We will eva luate to what extent pregnant 

women pa rt icipate in the program and how efficient the 
program is in reducing contaminant intake (especially 
mercury) whil e mainta ining o r im proving nutritional 
status duri ng pregnancy. Res ults of this project will help 

regional public health authorities ro assess and implement 
risk ma nagement actio ns incl uding, but not limited to 

this one in N un avik communi ties. 
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Key Project Messages 
I. One of the most vulnerable groups for exposure to 

contaminants is pregnant women and their foetus. 

2. Arctic char is a healthy country food item ro promote 
ro women during pregnancy, providing significant 
benefits, while at the same rime reducing exposure, 
for the mother and developing foetus, to some impor
tant environment contaminants present in other 

country food species (e.g. mercury and POP's in 

marine mammal meat and blubber). 

3. This project is collecting information on the feasibiliry 
and challenges of implementing a promotion program 
to distribute free char to all pregnant women in 

Nunavik. 
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Introduction 
It is well accepted chat solutions muse be found co address 
che issue of contaminants in the Arctic food chain. One of 
the most logical and sustained solutions is rhe ban of 
production and use of these chemicals throughout the 
world. International conventions (POPs and mercury) are 
currently in various phases of development and implemen
tation co achieve this goal. Nevertheless, we also know that 
it will cake many years co see a substantial improvement of 
the environmental situation. Ethically, this raises the 

question of the need, feasibility and efficacy of an immedi
ate dietary intervention co decrease exposure co these 
chemicals among the population. Certainly, one of the 
most vulnerable groups for exposure co these contaminants 
is pregnant women and their foetus (Muckle, 2001). POPs 
(especially PCBs) and merhylmercury (MeHg) are toxic for 
the foetus and may affect the development of the central 
nervous and the immune systems. In the Faroe Islands, 
dietary advice has been released in order co reduce pilot 
whale meat consumption during pregnancy and thus 
decrease prenatal exposure to methyl mercury (AMAP, 
2002). In this case, virtually a single source (pilot whale 
meat) and unique contaminant with a relatively short half 
life (MeHg) supported public health authorities in advising 
pregnant women co stop consumption of pilot whale dur
ing pregnancy (at chat time, it was believed char only 
mercury was associated with effects; later, PCBs were 
reported to have a possible interaction in the high mercury 
exposed group). In Nunavik, there are multiple contami
nants (metals and POPs) coming from the consumption 
of various country food items (whale and seal blubber and 
meat, lake trout, ere) and no restrictive dietary advice could 
be proposed without imposing risks related co nutritional, 
social and cultural disruption. One way co avoid such 
difficulties is co promote the consumption of a nutritionally 
rich and relatively contaminant-free species such as Arctic 
char (Salvelinus alpinus), as an alternative co other country 
food items during pregnancy. 

The Nunavik Nutrition and Health Committee (NNHC) 

is the recognized and authorized committee for the region 
on health and environment issues and one of ics mandates 
is related co directing the orientation of regional policies on 
nutrition and health. Information gathered by researchers 
involved in Nunavik and communicated co the commiccee 
has shown that Arctic char is a healthy country food item co 

promote co women during pregnancy, providing significant 
benefits, whi le at che same time reducing exposure, for che 
mother and developing foetus, to some important 
environment contaminants in other country food species 
(e.g. mercury and POPs in marine mammal meat and 
blubber). Recently, the Nunavik Board of Health and Social 
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Services (Public Health Department) disseminated a message 

to all communities suggesting chat women of childbearing 
age (13-45), whenever possible, select country foods chat 
are rich in faery acids and less contaminated wich PCBs 
(Arctic char, misiraq made from seal blubber instead 
of beluga) . 

Eating Arctic char can have many benefits for the health 
of pregnant women and their foetus. For example, ic is an 
important source of prote in and excell ent source of 

vitamin D and phosphorus. Furthermore, significant 
amounts of selenium are found in Arctic char and ic is the 
besc source of omega-3 faery acids among northern fishes. 

le is for these reasons that the NNHC has recom mended 
che development and implementation of a program 
promoting the consumption of Arctic char an1ong pregnant 
women in che region for some cime. Research has shown 

that health advice related co consumption habits is more 
closely followed when viable alternatives are provided, and 
one of the important barriers co country food consumption 
is access - that is why free distribution of char co pregnant 
women is proposed by the committee. Also, it is argued 
char che promotion of a conraminanr~low, nutrienc~ rich 
country food species is less disruptive than ban ning a 
contaminant high species and still in line with the same 
desirable toxicological and nutritional results. 

Objectives 
I. To conduct a pilot study of the distribution of Arct ic 

char co pregnant Inuit women in 3 N u" av ik 
communities; 

2. To assess the feasibi lity, and identify challenges co the 

progcam by coll ecting qualitative data on issues related 
co fish collection, storage and d istribution as well as che 
receprabiliry of the program by the pilot communtties 
and participants; 

3. To collect quantitative data on che health benefit 1nd 
reduction of risks associated with such a pro monon 
program. Blood and ha ir samples wi ll be collected for 

analysis of contaminants, nutrients and fatty cids 
analysis and for the detection of the anaemia. 

Activities 

In 2002-2003 
The following activities were completed between April 
2002 and March 2003: 

Three communities have been chosen to participate in 

the pilot project: Kuujjuarapik, Sall uit and Kuujjuaq. T he 
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choice of these communities was based on the differences 

in diet and socio-demographic characteristics providing 

a good cross sectional rep resentation of differences among 

communities in the region. Nevertheless, the CLSC of 

Salluit has withdrawn from the project because of a lack 

of staff to support the conduct of the project. The 

committee decided to offer the pilot project co the 

Municipality of Quaqcaq and we are now in discussion 

with the Municipal Office so chat the recruitment of 

pregnant women starts as soon as possible. 

In summary, che following activities were completed: 

1. The Mun icipal Council of the 4 communities contacted 

to participate in this pilot project were consulted and 

have all supported the project with great enthusiasm. 

As described ea rlier, in Salluic, che collaboration was 

more difficult with the CLSC and we had to abandon 

che idea of doing the project in chat community. 

2. In co-operation with local Hunter Support Program 

coordinato rs and Municipal Office representatives, the 

char collection, storage and distribution processes of 

2 acetic chars per week to each of th e 10 pregnant 

women (per community) has been organized in each 

comm unity. Arrangements have been made with 

communities where Arctic char are abundant and the 

fish is sent by plane on a regular basis to rwo participat

ing municipalities (the other one having char available 

near the commu nity) to be distributed to the pregnant 

women (2 to 3 char per week for the duration of their 

pregnancy) . 

3. All documents (information sheet, consent form, 

questio nnaire) have been submitted and approved by 

the Ethical Committee of Laval University as well as 

both CPDP of lnuulicsivik and Tullacavik Health 
Centres. 

4. Consent forms and general information documents for 

participating women have been developed as well as the 

laboratory procedure and questionnaires. In collabora

tion with the Health Centre laboratories and the CLSCs 

nursing personnel, a blood and hair sampling protocol 

for contaminants and nutrients was sec up. 

In each community the CLSCs or che Health Centre staff 

and the Community Health Representative (CHR) are 

sharing respo nsibilities of running the program: 

1. Recruiti ng pregnant women, informing chem about 

the program, and interviewing participants regarding 

the program efficiency and its desirability is being 

done by the CH R in 2 communities and the 

commun ity Health nurse in 1 community. 
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2. In rwo communities the CHR is also responsible for 

managing the distribution of Arctic char. The Hunters 

Support Program coordinator is managing this function 
in the other community. 

3. Sampling of blood (at onset and end of pregnancy) 

and hair (end of pregnancy) 1s being performed by the 
CLSCs or Hospital Centre nurse. 

Hair and blood sampling analysis is being performed for 

POPs, mercury, selenium and Omega-3 fatty acids and 
for the detection of anaemia. 

Conclusion 
This project has experienced delays m its implementation 

mostly associated with the technical and logistical aspects 

(staff shortages, char supplying, storage and transportation) 

but is on-going in 2 communities and is in rhe initial stages 

in the third communicv The project will be completed 

regardless of delays as the Nunavik Regional Health Board 

has committed to finance the project to its end. Since 
pregnant women will be followed for the duration of their 

pregnancy, final results are nor yet available. 

To date, a qualitative assessment of the program indicates 

char rhe logistical operation of this program is far more 

difficult rhan previously thought. The project has been 
strongly supported by the participating and aurhorizmg 

agencies in the regions and communities (Municipal 

Councils, Regional Hunter and Trappers Organization, 

Regional Health Board), yec the operation of the program 

has still experienced the above mentioned challenges. We 

feel chat this is associated with a number of factors. 

Challenges faced to dare have included the securing of an 

adequate source of char either in close proximity to a 

participating community or che arrangement of transpor
tation and storage of this char from another location. The 

management of rhe char storage and then its distribution 

in each community to che participants has also required 

significant effort. Although the project is supported with 

great interest and many individuals are volunteering time 

to operate rhe program by adding it to their regular work 

responsibilities, many of these individuals (although they 
are the proper individuals to be involved in rhe program) 

are already extremely busy and the addition of another 

cask has been difficult (e.g., one of the main reasons the 

program is not operating in Salluir is related to a shortage 

of scafl). Time is required co recruit women, meet, mform 
and interview chem, ensure they have access to the char 

on a continuing basis, etc. During the duration of this 

program, interviews with individuals in paniciparing 

communities as well as those individuals helpmg operate 
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the program will provide valuable information regarding 
the feasibility of expanding such a program ro other 
communities, and its sustainability over a long period of 
time into the future. 

References 
Muckle, G., P. Ayotte, E. Dewailly, S. Jacobson, and J.L. 

Jacobson. 200 I. Determinants of polychlorinated 

72 

biphenyls and methylmercury exposu re in Inui t 
women of ch ildbea ring age. Env Health Perspect. 
(109):957-963. 

Arctic Pollution 2002, Arctic Moniro ring and Assesse
menc Program, AMAP, Oslo, Norway 

E. Dewailly 



Mercury in Salluit: 
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Key Project Messages 
Amo ng all contaminants present in different aquatic 
ecosystems in Canada, methylmercury (MeHg) is a major 
source of concern for public health . Some studies suggest 
that MeHg toxiciry can be detected at levels far below the 
minimal level proposed by the World Health Organiza
tion (10-15 ppm in maternal hair). Thus, it seems impor
tant to determ ine with precision the minimal dose at 
wh ich oxidative stress and neurotoxic effects can be iden
tified. The main goal of this project is to investigate the 
effects of mercury on sensorimotor functions and on 
markers of oxidative stress in the population of Salluit, 
N unavik, Canada. A total of 11 3 individuals were tested 
fo r neutomotor performances and also agreed to provide 
a sample of urine, blood and hair. Specific recommenda
tions based on quantitative evidence will be made to the 
concerned populations so as to diminish long-term risk 
on health. 

1. This study aims at studying subtle effects mercury can 
have on brain functions. 

E. Dewailly 

2. Measures done in the blood will tell us more about 
early sign of mercury toxiciry particularly concerning 
cardiovascular disease. 

Objectives 
I. Evaluate the oxidative status of Sallumiut exposed to 

mercury. 

2. Quantify the effects of mercury on sensorimotor 
functions with highly sensitive measures. 
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Introduction 
Mercury is an environmental contaminant originating from 

both anthropogenic and natural sources. It can be 
transported from distant sources to the Arctic by oceanic and 
atmospheric transport. Mercury has been found in all 
components of the Arctic ecosystem (Barrie et al. 1992; Muir 
et al. 1992) and is mainly present as mechylmercury in fish 
and marine mammals. Their consumption constitutes an 

important source of exposure, especially in sustenance 
populations such as the Inuit. Although the underlying 
biochemical and molecular mechanisms that lead to impaired 
cell function and nerve cell degeneration are not well 

understood, there is abundant evidence supporting the 
hypothesis that a major mechanism of MeHg neurotoxicity 
involves an oxidative stress (Sarafian, I 991; Yee, I 996). 
Mercury increases production of reactive oxygen species 
(ROS) via deregulation of mirochondrial electron transport 
as well as through glutathione (GSH) depletion (Lund, 
1993). The oxidative stress hypothesis is clearly supported 
by the finding that MeHg neurotoxicity can be inhibited by 
various antioxidants including selenium (Park, 1996) and 

N-acetyl-L-cysteine a precursor ofGSH (Ornaghi, 1993). 

Homocysteine plasma concentration is a well-known risk 
factor for cardiovascular diseases, in particular stroke (see 
review by Gerhard & Duell, 1999). Homocysteine auro
ox.idation generates free radicals that can in turn ox.idize LDL 

and promote arteriosclerosis. Methylene tetrahydrofolate 
reductase (MTHFR) is involved in the biotransformation 

homocysteine ro methionine, which is caralyzed by 
methionine synthase. Individuals homozygous for a mutation 
in MTHFR (cytosine ro thymidine) display high levels of 
plasma homocysteine. Interestingly, methylmercury was 
shown ro inhibit methionine synthase in several tissues 
including the brain and could therefore increase plasma 
homocysreine concencracion. 

Neuromoror functions are particularly vulnerable ro 
neurotoxic damage including those associated with MeHg. 
Several studies have demonstrated that chronic exposure 
to methyl mercury may cause a wide variety of well known 

neurological impairments including: prickling, paresthesia, 
impaired peripheral vision, hearing, taste and smell, slurred 

speech, paraplegia, muscle weakness, irritability, memory 
loss, depression, sleeping difficulties, cerebellar ataxia, 
tremors, etc. (ATSDR, 1994). Other studies have suggested 
that low-level exposure ro MeHg was associated with 
changes in neuromoror functions (Beuter, 1996; Beuter, 
1999a,b; Rice, 1996a,b). Neurologic dysfunctions have 
been reported with exposure levels much lower than what 
has been considered acceptable by the WHO, which indi
cates that these functions are sensitive ro low levels of 
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neurotoxicity. MeHg is also suspected to be tox ic for 
children during prenatal development. However, results 

from ongoing research in Faeroe and Seychelles islands are 
not conclusive at this point. In addition, no study dealing 
specifically with the protecting role of selenium on neuro
moror functions was found in the literature searched. 

Currently, it is difficult to reliably determine the threshold 
of MeHg concentration at which funct ional changes wi ll 

occur in humans. Since some studies suggest that MeHg 
toxicity can be detected at levels far below the minimal 
exposure level proposed by the World Health Organiza
tion, it seems important co determine more precisely rhe 
minimal dose at which oxidative stress and neu rotoxic 
effects can be identified. 

General Objectives 
I. Evaluate the oxidative status of Sallumiut exposed to 

mercury. 

2. Quantify the effects of mercury on neuromoror func
tions with highly sensitive measures. 

Activities 

In 2000-200 1 
A total of I 25 Salluit residents signed the consent form and 
participated ro the present study. Of these, 85 (68%) 

individuals had taken part in the 1999 study on temporal 
trends of mercury exposure in Nunavik. As described in 
Table I, a total of 113 participants completed all steps of 

the study: I) providing biological samples; 2) fill in a short 
questionnaire; 3) allowing the nurse ro review his/her 
medical file; 4) completion of neuromotor tests. 

Fieldwork was carried out in Salluit, Nunavik from 
February 5 to April 20, 200 I. Two fieldworkers were 

based in Salluit for the whole time of data collection. 
Three local research assistants were hired and trained ro 
second the field workers. Their tasks included recruiting 
participants, rranslacing collecrion cools, interviewing 

Table 1. Number of participants according to tests 
completion and gender 

Number of participants Number of 
at each test participants that 

Ha ir Blood Urine Neuro. completed all tests 
Men 39 35 35 35 33 
Women 84 83 83 81 80 
Total 123 118 118 116 113 
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pa rticipants and ass isting the field workers in th eir 

respective casks. To recruit participants, the tea m: I) held 
a radio-show and informed the popu lation abo ut che 
research; 2) met with che Local H ealth Committee co 

discuss research objectives; 3) displayed posters in strate
gic areas co stir up the popu lation interest; 4) sent per
sonal in vitat ion letters co Salluic res iden ts . The first 
individuals contacted by ch e research assistants were those 

who parti cipated in a 1999 study on temporal trends of 
mercury ex posure in N un avik, rhen parti cipan ts were 

ran dom ly chose n from che popu lation list. 

Data coll ect ion was perform ed in four steps: Firstly, 
participants met with the fi eld workers and their assistants 
co receive info rmation about the research and co sign a 

conse nt fo rm. Ac that time, a hair sample was taken and 
the participant was interviewed. Furthermore, participants 

of the 1999 study were given the possibili ty to look at and 
discuss their last mercury results with che nurse. Secondly, 
participants were asked co come back the next morni ng 

afte c fa sting since midnight and co bring thei r urine 
sam ple. A blood sample was chen taken. Finally, another 
appo intment fo r neuromocor tests was schedul ed. 

A q uest ionnaire do cumenting current hea lth sta tu s, 

lifestyle, and past medical histo ry was administered co 
parti cipants with rhe help of an interviewer. The section 
on li fes tyle included questions on smoking, drinking and 

drugs consumptio n habits whil e th e section on health 
status included questions on past neurological problems, 
past trauma and actual health problems and medication. 

Most of these quest ions were used co identi fy ind ividuals 
co be excluded from che study because of the presence of 
external fa ctors influencing neuro moto r tests. Revision of 

medi ca l fil es was not done for all participants bu t only 
for the ones who needed mo re informatio n o n medical 
histo ry and actual medica tio n. 

Biological assessment 
Hair samples were stapled in a plastic case ro avoid any 

moving during rransporcacion and manipulation and sent 
to the Quebec Toxicology Centre for mercury analysis. 

A total of four 10ml cubes (EDTA lavender) were sam pled 

fro m part icipants using ve no us puncture technique. 
Samples were sent from Salluic co the Quebec Tox icology 
Centre (CH UL-CH UQ) three t imes during the fi eld
wo rk. The tes ts co be performed were as fo llows: 

I) Toca! blood analys is was performed co assess sho re
term mercury exposure and selenium expos ure. 

2) Assess ment of che ox idative/a nti ox idant status was 

perform ed by measurin g glucachione peroxidase and 
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glucathio ne reductase activity levels in blood , and 
homocyscein and oxidized LD L in plas ma. 

3) Because of potential confounding effects on neuromocor 
endpo ints, PCBs and pesticides were meas ured in 
plasma. 

4) Lipid p ro fil es (VLDL, LDL, H DL, apo lipoprorein 
B and A) and fa tty acid profi les were also determined 

using plasma and eryth rocyte membranes respectively. 

5) Furthermore, since cannabis consumption is relatively 
freq uent in Nunavik and because it could interfe re 
with neuromocor tests acuity, Cannabinol levels in 
urine were measured. 

Neuromotor tests procedures 
In order co objectively quantify pee-clinical alterations of 
neuromotor functions, a series of non-i nvasive portable test 

battety was developed co measure involuntary and voluntary 
movemencs. (Beuter et al., 1996; Beuter et al ., 1998; Beuter, 

et al. 1999a; Beuter et al ., 19996; Beuter er al., 1999c; 
Beuter et al. , 1999d; Edwards et al., 1999; Beuter & 
Edwards., 2002) T he use of sophisticated technologies (laser, 

infrared, optical encoder systems, CCD sensors, etc) coupled 
with continuous recordings of various neurophysiological 
signals p rovided a detailed neuromocor profile for all 

participants. The tests selected for this study included a 
tremor-recording test using lasers and accelerometer, 
q uantitative analysis of rapid pointing movements 
(Diadochokinesia) , quantitative analysis of alternating 

movements (Eurythmokinesia), postural sway and a simple 
reaction time cask. The coca! duration of che evaluation 
includ ing the questionnaire, clinical evaluation and the 

quan titat ive measuremen t of neuromotor function was 

90 minutes. 

Laboratory analysis 

Toxicology Laboratory Centre of the National Public 
Health Institute of Quebec 
I . H air mercury analysis was performed by cold vapor 

atomic abso rption after nitr ic acid d igestion. 

2. Blood mercury analysis was carried out by cold vapor 
atomic absorption . 

3. Selenium was analyzed by graph ite furnace atomic 
absorption after nitric acid d igestion. 

4 . PC Bs and pesticides we re meas ured using hi gh

reso lutio n gas ch romatography. 

5. Cannabinol was measured us ing ADX screening 
fo llowed by a mass spectrometry confirmation. 
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Table 2. Proportion of participants by gender and age group 

18-39 years 40-59 years 60 -+ years 

N % 

Women 35 77.8 

Men 10 22.2 

Total 45 100 

Environmental Health Unit laboratory and 
Lipidic Diseases Research Centre 

N 

30 

11 

41 

I. Glutathione reductase and glutathione peroxidase 
activity levels were measured in roral blood. 

2. Oxidized LDL (LDLox) was measured in plasma by 
ELISA (Mercodia) . 

3. Plasma total homocysteine (tHcy) was measured by 

capillary high-performance liquid chromatography. 

4. Urinary F2-isoprostanes: rhe objective for measuring 
urinary F2-isoprosranes, which result from in vivo 
lipid peroxidarion, was ro provide an addit ional index 
of oxidat ive stress . lr was attempted to measure 
urinary isoprosrane iPF

20
-III as a biological index of 

lipid peroxidarion , using a commercially available kit 
from Cayman. Despite many attempts with various 
extraction methods and ranges of urine dilutions from 
control individuals , we could nor overcome an 
interference problem rhar appears ro be inherent ro 
rhe assay. Although the iPF22a-III concentrations were 
within the limits of rhe Cayman standard curve, their 
determinations inconsistently increased with increased 
dilution , suggesting rhar there was a contaminant(s) 
in the urine extract rhar interfered with rhe assay, or 

rhar rhe antibody was nor specifi c enough for an 
isoproscane epirope. In addition, up ro 25% differ
ences were observed berween duplicates and seven 
Cayman kits were used wirhour significant success. ln 
agreement with several orher laboratories which used 
rhis kit, we concluded rhar rhe Cayman iPF2

20
-III 

assay is unreliable. Moreover, this assay measures 
iPF2

20
-lll {formely known as 8-iso-PGF2

20
) , a 

compound rhar is nor only formed by direct oxidation 
of fatty acids by oxygen free radicals bur may also be 
formed by normal metabolism of arachidonic acid via 
rhe prosraglandin G/H synthase (cyclooxygenase 
(COX) isoenzymes). A posteriori, rhe most relevant 
form of isoprosrane ro be determined for our study 
wou ld be iPF2

20
-VI , which is severa l fold more 

abundant in urine than iPF2
20

-III , and a more specific 

index of lipid peroxidarion. This isoprosrane could be 
measured in our urinary sample collection by tandem 
mass spect rometry using homologous internal 
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% N % Total 

73.2 16 59.3 81 

26.8 11 40.7 32 

100 27 100 113 

standards (Meagher & FirzGerald 2000; Li, H er al. 

I 999) as soo n as these internal standards are commer
cially available. 

5. The lipoproreins were fractionated by ultracentrifuga
rion. Cholesterol (C) and rriacyglycerols (T g) were 
measured by enzymatic method. Apoprotein B and 

Al was measured by immunonephelomerry. 

6. The fatty acid composition of membrane erythrocyte 
was determined by gas chromarography. 

Discussion and Conclusions 

Description of the population under study 
A roral of 125 individuals have accepted ro participate in 
this study. Table 2 shows rhe distribution of participants 
by gender and age group. Seventy-rwo percent of the 
participants were female and rhe mean age of participants 

is 44 years old (from 17 ro 77 years old). Furthermore, 
32% of the participants are single, 56% are either married 
or living with a partner; 6% are separated or divorced and 
finally, 6% are widowed. As for schooling, 25% of 

participants never atte nded school, 25% have 7 or less 
years of schooling and 50% have 8 ro 13 years of school. 
Questions on lifestyle revea led rhar 68% of rh e 
participants are smokers bur surprisingly women have a 

higher proportion of smokers, with 72%, whi le rhe men 
smoke in a proportion of28% {45% and I 8%, respectively, 
declared they were non or ex smokers). 

As shown above in Table I, 12 individuals had ro be excluded 

from the study because rhey did nor complete all rests. 

Mercury, organochlorines and selenium 
concentrations according to gender and age 
of participants 
Figures I , 2 and 3 present rhe distribution (%) of mercury, 
PCB'S and se lenium co ncenrrarion in participants. 

Figures I and 2 show rhar on ly a wea k percentage of 
participants are presenting high concentrations of mercury 
and PCB's in their blood. As regards selenium, one can 
observe than 50% of participants have concentration of 
selenium in their blood between 5 and I O nmol/L. 
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Figure 1. Distribution of Mercury in Sallumiut 
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Figure 2. Distribution of PCB's in Sallumiut 
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Figure 3. Distribution of Selenium in Sa llumiut 
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Results of mercury analysis in blood samples are presented 
in Tables 3 and 4. No significant difference was noted 
between men and women with regards to mercu ry 
concentration (Table 3). Mean mercury concentrations 
increased with age; participants aged more than 60 years 
had a mean total mercury concentration in blood and hair 
3 times higher than that of individuals in the 18-39 years 

age group (Table 4). 

Results of PCB's (Aroclor 1260) analys is in blood 
samples are presented in Table 5. No statistical differ
ence was noted between men and women but the mean 
PCB's concentration is significantly increasing with 

age; participants aged 60 years and more had a mean 

concentrat ion in b lood mo re than 6 t imes hi gher than 

that of individuals in the 18-39 years age gro up. 

Concentrat ions of selen ium in blood of pa rti cipants are 
presented in Table 6. Similar selen iu m concentrations are 
found in men and women bu t t here is a sign ificant 

age-related difference. 

Correlations between mercury, selenium and PCB's 
Strong correlat ions were o bserved be twee n me rcury 
concentrations and selenium concentrations in blood 
(Figure 4). Weaker but nevertheless statistically significant 
correlations were noted between mercury blood levels and 

PCB's blood levels (Figure 5) and between selen ium blood 
levels and PCB's (Figure 6). 

Table 3. Mercury concentration (nmol/L) in blood and hair (1 cm; pg/g) of Sallumiut according to gender 
95% confidence 

Mercury Sex Geometric mean interval Range p value 

Blood Female 81 79.4 15.08-417.68 7-469 0.53 
Male 34 70.7 10.02-498.6 6-480 

Hair Female 82 5.8 1.08-31.35 0.2-24.8 0.34 
Male 34 4.8 0.61-38.76 0.4-38.8 

Table 4. Mercury concentration (nmol/L) in blood and hair (1 cm; pg/g) of Sallumiut according to age groups 
95% confidence 

Mercury Age group Geometric mean interval Range p value 

Blood 18-39 44 47.9 13.3-173.4 13-171 0.0001 
nmol/L 40-59 41 89.4 12.7-633.6 7-480 

60+ 27 143.6 64.6-319.0 52-273 

Hair 18-39 45 3.2 0.67-15.6 0.2-12.3 0.0001 
µg/g 40-59 41 6.8 12-36.7 0.8-38.8 

60+ 27 10.6 4.0-28.5 2.9-23.1 

Table 5. PCB'S (Aroclor 1260) concentration (pg/L) in blood of Sallumiut according to gender and age group 
95% confidence 

Sex Geometric mean interval Range p value 

Female 80 18.4 2.4-138.9 1.7-111.0 0.27 
Male 33 23.3 3.3-165.0 4.1-143 

18-39 45 8.7 2.2-35.0 1.7-29.0 
40-59 40 24.3 5.1-116.5 2.2-77.0 0.001 
60+ 26 58.7 26.7-129.5 20-143 

Table 6. Selenium concentration (pmol/L) in blood of Sallumiut according to gender and age group 
Sex n Geometric mean 95% confidence interval Range p value 

Female 81 7.5 2.8-19.7 1.2-3.2 0.84 
Male 34 7.6 2.7-21.4 1.4-3.5 

18-39 44 5.9 3.0-11.5 2.9-11.4 
40-59 41 8.4 2.7-25.8 3.0-28.4 0.001 
60+ 27 9.6 3.9-23.5 3.6-26.2 
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Figure 4. Correlation between Mercury and Selenium 
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Figure 5. Correlation between Mercury and PCB 's 
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Table 7. Oxidative stress markers measured in Salluit 
residents 

N 

GPx2 (U/gHb) 

GR3 (U/gHb) 

Homocystein (µmol/L) 

LDL I (U/L) 

X ± SO 

118 

77.47 ± 14.29 

13.57 ± 2.07 

7.96 ± 4.04 

45.20 ± 18.14 

LDL
0

, Oxidi,ed LDL, GPx, glutathione peroxidase, GR, glutathione reductase 

U/L, standard unit of the ELISA k!VL 

U/gHb, UniVg haemoglobin 

Table 8. Lipid profiles of participants 

N 

BMI (kg/m2) 

Cholesterol (mmoles/L) 
Plasma 
VLDL 
IDL 
LDL 
HDL 

Triacylglycerol (mmoles/L) 
Plasma 
VLDL 
IDL 
LDL 
HDL 

Apolipoproteins (g/L) 
8-plasma 
8-LDL 
Al-HDL 

LDL cholesterol/LDL-ApoB 

X ± SO 

125 

29.4 ± 6.61 

5.57 ± I.II 
0.52 ± 0.46 
0.27 ± 0.25 
2.58 ± 0.81 
l.18 ± 0.35 

1.33 ± 0.82 
0.77 ± 0.60 
0.10 ± 0.04 
0.18 ± 0.06 
0.11 ± 0.12 

1.03 ± 0.25 
0.63 ± 0.25 
1.24 ± 0.32 

2.34 ± 0.92 

BMI , body mass index, VLDL very low density lipoprotein, IDL, intermediate 
density lipoprotein, LDL, low density lipoprotein , HDL, high density lipoprotein 

Oxidative status and lipid profiles 
Table 7 shows the data of four oxidative/antioxidant 
endpoints measured in the 118 participants. The mean 
glurarhione peroxidase (GPx) activity determined in total 
blood was significantly higher than the mean value mea
sured in a reference group of people from Quebec City 
(60 .1 5 ± 17.84; p = 0.00 I 7). The mean glutathione 
reductase activity determined in total blood was in the 
high range of the expected values measured in Europe 
(GR: 4.7- 13.2 U/gHb). The mean concentration of total 
homocystein in plasma was in the normal range compared 
to the Southern Quebec population (5-10 µmoles/L) 
(Stein & McBride, 1998) . The mean concentration of 
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LOL
0

, was lower than the mean expected value provided 
by the ELISA kit (61 U/L, Swedish population) and lower 
than rhar measured in the Caucasian spo rt fishermen 
investigated in rhe Bay James srudy (52.6 U/L after the 
fishing season). 

Table 8 shows rhar rhe mean (± SO) body mass index 
(BMI; in kg/m2) of participants is 29.4 ± 6.61. Grundy 
et al. (1998) considers BM ls of 25.0-26.9, 27.0-30.9, 
and 3 1.0 kg/ m' o r higher to indicate borderline (moder
ate) obesity, obesity, and marked obes ity. The mean (± SO) 
of plasma cholesterol was 5.57 ± 1. 11 mmol/L, which 
is slightly higher than results presented by Oewailly et al. 
(2001a) (5.07 ± 0.05 mmol/L) but is comparable wi ch 
results obtained from residents of southern regions of 
Quebec (Oewailly et al. 200 I). However, concentration 
of LOL-C are 2.58 ± 0.81 mmol/L, a lower value than in 
other lnuics (3.67 ± 0.06 mmol/L). The mean plasma 
triacylglycerol concentration was 1.33 ± 0.82 mmol/L, in 
che normal range for healthy subjects Qulien et al. 1998) . 
The mean (± SO) concentrat ion of plasma apo-B 
(1.03 ± 0.25 g/L) was in che normal ra nge (Connelly et 
al. 1999), but apo-A l -HOL ( 1. 24 ± 0.32) was sli ghtly 
lower than normal range Qu lien et al. 1998). 

Table 9 shows the relative concentrations of fatty acids in 
ecythrocyres membranes of the Sallumiur. The arithmetic 
mean of relative concentrations of fatty acids EPA, OHA, 
and their combination (EPA+ DHA) are comparable with 
chose observed (EPA, 3.0 I% , DHA, 4.95% and 
EPA+ OHA, 7.95%) recently by Dewailly er al. (2001a) . 
They are higher than the concentrations found in resi
dents of Southern regions of Quebec (Oewailly, 200 I b) , 
who consume little fish (EPA, 0.44%, DHA, 1.04% and 
EPA+OHA 1.51%) in contrast co che Sallumiur. 

Table 10 shows the cor relations between the different 
oxidative stress indices and lipid parameters . G Px was 
found ro positively correlate with n-3 fatty acids 
(r = 0.2651, p = 0.0053; EPA: r = 0.23775, p = 0.0128 
and DHA: r = 0.2262, p = 0.0 I 8) and negatively with 
n-6 fatty acids (r = -0.2439, p = 0.0245) . GR was 
positvely correlated with homocysrein. LOL showed a 
strong correlation with apoB-LDL, (r •: 0 .336 I , 
p = 0.0002), LOL-C/HDL-C (r = 0.4361 , p < 0.0001) 
and C-rotal/HDL-C (r = 0.4188 , p < 0.0001), in 
agreement with the expectation chat the LDL concentra
tion is related to the num ber of LDL parti~ies. Indeed, 
LDL

0
, correlated with apoB-LDL (there is one apo-B per 

LDL particle) and with LDL-C/HDL-C and C-tora l/ 
HDL-C, wh ich means that a lower content of HDL-C 
corresponds to increased LDL

0
, 
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Table 9. Relative concentrations of fatty acids in erythrocytes membranes of Salluit residents 
Fatty acids 

(% by wt of total fatty acids) X ± SO Min Max 

PUFA 
n-3 series 

Total' 11.34 ± 2.69 6.85 18.59 
EPA 2.92 ± 1.43 0.70 6.94 
DHA 5.81 ± 1.06 4.34 8.17 

EPA+DHA 8.74 ± 2.31 5. 13 15.11 

n-6 series 
Tota l' 21.53 ± 3.66 12.84 29.00 

AA 9.26 ± 1.99 3.10 13.12 

Total PUFA 32.88 ± 2.76 19.97 36.87 

n-3 ,n-6 0.56 ± 0.21 0.24 1.25 

EPA :AA 0.34 :0.21 0.06 1.09 

MUFA' 24.53 ± 1.97 20.71 27.85 

SFA' 42.31 ± 1.44 39.76 46.34 

P :S 0.78 ± 0.08 0.44 0.87 
1 PUFA: polyinsaturated fatty acids, EPA: eicosapentaenoic ac,d(20,5n-3); DHA: docosahexaenoic acid (22,6n-31: AA, arachjdonic acid (20,4n-6): MUFA: monounsaturated 

fatty acids, SFA: saturated fatty acids; P:S: ratio de PUFA:SFA 
2 18:3 + 18:4 + 20:3 + 20:4 + 20:5 + 22:5 + 22:6 

' 18:2 + 18:3 + 20:2 + 20:3 + 20:4 + 22:2 + 22:4 + 22:5 

' 14:1 + 16:l + 18:I + 20:l + 22:l + 24:l; 5 14:0 + 16:0 + 17:0 + 18:0 + 20:0 + 22:0 + 24:0 

Table 10. Correlations between oxidative stress indices, fatty acids and lipid parameters 
Oxidative stress index Correlation with Pearson correlation coefficent P value 

GPx n-3 0.2651 0.0053 
n-6 -0.2439 0.0106 
EPA 0.23775 0.0128 
DHA 0.2262 0.0180 

GR Plasma Apo-B -0.21635 0.0245 

Homocystein GR 0.26168 0.006 

LDL,. n-6 -0.2120 0.0223 
ApoB-LDL 0.3361 0.0002 

LDL-C/HDL-C 0.4361 < 0.0001 
C-total/HDL-C 0.4188 < 0.0001 

LDLox: Oxidized LDL, GPx: glutathione peroxidase, GR: glutathione reductase 

n-3: omega-3 fatty acids, n-6, omega-6 fatty acids, EPA: eicosapentaenoic acid (20 ,5n-3), DHA: docosahexaenoic acid (22,6n-3), LDL-C: low-density lipoprotein 
cholesterol, HDL-C: high-density lipoprotein cholesterol, C-total: total cholesterol 

Table 11 shows chat no correlation was observed between 

the ancioxidanc/oxidacive stress ind ices and mercury or sele

nium. Indeed, despite high levels of blood and hair mercury, 

there was no co rrelation with oxidative stress ind ices. In the 

same way, there was no inverse correlation between seleniwn, 

an antioxidant, and oxidative stress markers. 

t. Dewai lly 

Neuromotor tests results 
Alternating movements: Correlation and multiple regression 

No sign ificant correlations were observed between alter

nating movements and exposu re. Multiple regression 

analyses showed chat, for subjects aged below 45, che 

range for the left hand at rapid pace is pos itively related 

to the concentration of H g in hair (t(52) = 2.59; 
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Table 11. Correlations between oxidative stress indices, selenium and mercury 

Correlation with 
Oxidative stress marker blood mercury 

GPx ns 

GR ns 

Homocystein ns 

LDL ns 

ns: no significant correlation 

p < 0.0 I) and negatively related to the concentration of 
PCBs (t(52) = -2.88; p < 0.01). This relation is explain
ing 21 % of the variance. 

Pointing movements: Correlations and multiple regressions 

In pointing movements, the Fin's constant measure (right: 
r = 0.31; p < 0.001; left: r = 0.32; p < 0.001) was 
significantly correlated with age. Also, a small correlation 
was observed between the Fire's constant for the left hand 
and PCB concentration (r = 0. I 8; p < 0.05). Multiple 
regression analyses show a relationship between the Fitt's 
constant for the right hand and age (c(I02) = 4.33; 
p < 0.00 I) and a tendency for hair Hg concentration 
(t{I02)=-l.70; p<0.I). For participants aged 
below 45, it reaches significant level for hair Hg concen
tration (t(55) = -2.01; p < 0.05). Therefore, it seems 
that the effects of Hg exposure on neuromotor functions 
are more efficiently detected with participants aged below 
45 years old whereas with participants aged over 45, the 
oxidative effect of mercury exposure is merged with the 
natural effects of aging. As for the left hand, results for 
the Fin's constant rend to be related to the age of the 
subjects for both younger and older participants. 

Postural finger tremor (Laser-based system): Regression analyses 

Multiple regression analyses showed a link between pro
portional power in the 3-4 Hz band for the right hand 
and PCB concentration (t(I05) = 2.18; p < 0.05). 

Postural arm tremor (Catsys system): Correlations and 
regression analysis 

For postural arm tremor (DPD Tremor pen), median 
frequency (right hand) was correlated with blood Hg level: 
(r = -0.19; p < 0.05). Correlations with covariates show 
that PCB levels (r = -0.20; p < 0.05), selenium concen
tration (r = -0.20; p < 0.01) and age (r = -0.22; 
p < 0.0 I) are also related to the median frequency of the 
right hand. Also, PCB levels (r = 0.22; p < 0.05) and age 
(r = -0.29; p < 0.01) are both correlated with the har
monic index results for the right hand. 

The median frequency of arm tremor for the right hand 
was predicted by Se concentration (t(I03) = - 1.94; 
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Correlation with Correlation with 
hair mercury Selenium 

ns ns 

ns ns 

ns ns 

ns ns 

p < 0.05). A significant relation for the harmonic index 
(right hand) was also found with age (F(4,99) = 2.93; 
p < 0.02) as a predictor. However, for participants below 
45 years old, performance was significantly related ro age 
(t(55) = 2.52; p < 0.0 I) and Se concentration 
(t(55) = - 1.95; p < 0.05). 

Reaction time: Correlation and regress ion analyses 

No significant correlations were observed between Hg 
concentration and reaction rime. Multip le regression 
analyses did nor identify any significam predicror for the 
reaction rime task. 

Inverted aiming move ments (Graphics tablet): Correlation and 
regression analyses 

Results reveal a relation between both the Hg concentra
tion in hair (r = 0.28; p < 0.0 I) and in blood (r = 0.26; 
p < 0.05) and the precision of trajecrories in inverted 
aiming. Also, the precision of crajecrories was significantly 
linked to the level of PCBs (r = 0.25; p < 0.05) and age 
(r = 0.23; p < 0.05). When controlling for PCBs concen
tration, the relation between Hg concentration in hair 

and the precision of trajecrories is stil l sign ificant 
(r = 0.20; p < 0.1). When controlling for Se, trajectory 
precision is still related to Hg concentration (r = 0.26; 
p < 0.05). 

Multiple regression analyses reveals a trend for hair Hg 
concentration in the prediction of trajectory precision in the 
whole sample (t(67) = 1.88; p = 0.06). Again, when results 
are examined in two age groups, (below and over 45 years 
old) it shows char results for participants aged below 45 years 
old are significantly related ro the hair Hg concentration 
(t(42) = 2.42; p < 0.05) and Se concentration 
(c(42) = -2.83; p < 0.01). Thus, the effects of Hg exposures 
on neuromoror functions are o ne more time more efficiently 

detected with participants aged below 45 years old. 

Discussion and Conclusions 
One of the objectives of the study was ro quantify the 
effects of mercury on neuromocor functions of adu lts 
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exposed ro high levels of mercury with highly sensitive 
measures. If recent data from the Faeroe Islands suggest 
that the neurologic status of children can be affected by 
low-level prenatal exposure co mercury (Grandjean er al., 

1997), ro our knowledge, no study has yet looked at 
subtle effects of mercury concentrations on neuromoror 
funct ions of Inuit adults. 

As regards mercury exposure among Sallumiuc, results 
presented here are sim ilar ro data presented in another 
study done in Sallu ic in 1999 where the mean mercury 

concentration in hair was 6, 1 ppm. Results obtained to 
dace indicate chat there are large differences between age 

groups with regard ro mercury and selenium exposure in 
Sallumiur. The strong correlation (r = 0.71) noted between 
mercury and selen ium concentrations suggests that both 
substances originate from common dietary sources. This 

may be of utmost importance in assessing rhe health risk 
associated with mercury exposure in this population 

because selenium may counteract methyl mercury-induced 
roxicity. Seafood is a good source of selenium, an essential 
trace element that has been shown ro provide some 

protection against merhylmercury-induced neurotoxicity 
in various experimental systems {WHO, 1990, Whanger, 
1992). Mattak (beluga skin) consumption is part of the 
traditional diet in Nunavik. Mattak generally contains 

between 4 and I O µgig of selenium {wet weight) {AMAP, 
1998) and is the most important source of selenium among 
all traditional foods in Nunavik {Blanchet et al., 2000). 

PCB's and pesticides concentrations were measured 

because of potential confounding effects on neuromoror 
endpoints. Results show that older participants aged 

60 years and more had a mean concentration in blood 
more than 6 times higher than that of individuals in the 

18-39 years age group . 

In this population, PCBs, mercury and selenium concen
trations are around I O times higher of what is observed 

in background Canadian populations. 

As regard rhe oxidative status, none of the four indices of 
ox idative/antiox idant status in vescigared showed in 
preliminary statistical analysis any evidence of oxidative stress 

associated with mercury exposure in the Sallumiut group. 
The G Px and GR data indicated char both antioxidant 
activities were more elevated than in two Caucasian reference 

groups, one in Quebec City and the second in the Jan1es Bay 
area (Hydro-Quebec workers and sport fishermen). The basis 

for increased antioxidant activities in the Sallumiut is nor 
known. Of interest, the increase in GPx activity was 

correlated with n-3 fatty acid content of etythrocy,es mem
branes. Several rodent studies {Takahashi et al., 2002; 
Venkatraman et al., 1994) showed chat fish oil-enrid1ed diets 
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increased antioxidant activities in liver, and suggested chat 
enhanced lipid peroxidacion associated with elevated n-3 
faery acids contents induced antioxidant activit ies as a 
defence mechanism. By analogy, it is thus possible chat the 
observed increase in antioxidant activities in Sallumiut 
resulted from their fish-based diet, which is rich in n-3 fatty 

acids. In contrast, the average level of plasmatic LDL
0

, in 
Sallumiuc was lower than that determined in the sport 
fisherman Bay James scudy, which does not suggest enhanced 
lipid peroxidarion in plasma. le should be emphasized, 
however, chat this investigation did not address the difficult 
problem of assessing oxidative stress in brain, which can so 
far only be investigated in animal studies. 

As regards ro neuromoror tests, the results of the present 
study indicate chat low-level chronic exposure to mercury 

can produce pre-clinical alterations in sensitive neuromotor 
measures. Results show chat mercury concentration was 

related most importantly ro alternating movements, 

pointing movements and inverted aiming cask. Age was 
found to be the best predicror in pointing movements and 
postural arm tremor. Finally, Selenium concentration was 
mainly related ro the postural arm tremor and inverted 

movements for participants aged below 4 5 years old. 

It must be noted char age also predicts performance in 
many measures confirming our previous data {Despres et 

al., 2000). Indeed, performance in participants aged 
below 45 are best predicted by exposure concentration 
and age whereas participants aged over 50 years old, 
performance is best explained by age alone. Yee er al. 

{I 996) demonstrated the effect of oxidative stress 
following MeHg exposure in brain cells. In that sense, 
one explanation for this observation could be the additive 

effects of aging and neurotoxic exposure on oxidative 
stress in che brain. It appears chat neurotoxic exposure is 
more readily detected in participants aged below 45 years 
old in whom oxidative stress is less intermingled with 

normal aging effects. Further multi variate scaciscical 
analysis will be conducted shortly. 
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Abstract 
This project addresses a gap in our understanding of 
determinants of food choices that should contribute to 
the management of wild food (WF) and contaminant 
issues in the North. A culturally specific questionnaire 
was developed, tested and applied to 251 Labrador Inuit 
Association (LIA) members ofNain, Labrador to provide 
a quantitative assessment of determinants of food choices. 
Results on intention to eat wild food show chat the most 
influential determinants were: ease or difficulty of access, 
beliefs about the consequences of eating wild food and 
personal values. Results on intention co eat score food (SF) 
show that the most influential determinants were: ease or 
difficulry of access, beliefs about specific roles, perception 
chat a certain rype of people eats store food, and barriers/ 
facilitating factors. Knowledge of contaminants was nor 
found to be a major determinant of intention to eat wild 
food. This is the second quantitative data on this topic in 
the North ro date {see Furgal et al. 2001). Results on the 
determinants of food choices in Kuujjuaq, were very 
similar to results for Nain, Labrador. This suggests that 
implementation of intervention and promotion programs 
related to wild foods and contaminants in the Canadian 
North could share a similar form, as ease of access was an 
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important significant determinant of wild food use in 
both regions. Data also suggests chat many questions used 
in both surveys were similar and supports our hypothesis 
that a core set of questions could be used across the 
Canadian North in similar surveys on th is subject. 

Key Project Messages 
1. Knowledge of contaminants was not found to be a 

major determinant of the intention tO eat wild food 
in Nain {Labrador) . 

2. How easy or difficult a person thought eating wild 
food three times a week or more would be, was the 
strongest determinant of intention ro eat wild food, 
followed by beliefs about the consequences of eating 
wild food and personal values. 

3. The most important facrors influencing intention ro 
eat score food every day were ease or difficulry of 
access, beliefs about specific roles, perception that a 
certain type/group of people eats store food, and 
barriers/facilitating factors. 
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Objectives 
Specifica lly, this p roject aimed to: 

I . Develop and apply a survey tool to increase our under
standing of the determinants of food choices . 

2. Compare the results and rhe methods with similar 
efforts conducted in Nunavik and Alaska. 

3. Ma ke recommendat ions fo r a genera l food determ i

nants survey to be adapted to other regions of the 
Canadian North . 

Introduction 
Our understanding of the associated risks and benefits 

related to the Inu it traditiona l diet has expanded signifi
cantly within the last decade. The many physical health 

benefits of a traditional diet have been reported by a 
number of resea rchers (e .g. Dewailly 1996; Kuhnlein 
1997) . A low incidence of cardiovascular heart disease, 

d iabetes and so me cancers in Inuit popu lations has been 
attr ibuted ) in pa rt, to tradit io nal food consumption 

(Ba ng 197 1, 1980; Bjerregaard 1997). At the same time, 

our understanding of the potential public health risks 
related to the presence of environmental contaminants in 
northern wildlife has increased significantly in the last ten 

years (Indian and Northern Affairs Canada 1997). Recent 
work cond ucted under the Avativut!!lusivut Eco-Research 
Program in Nunavik and Labrador has described the 

economic costs and benefits associated with traditional 
foods and food-related activities, and evaluated the impact 

of potential food-related advisories. 

For decades, researchers have been documenting changes in 
co nsumption of tradit ional food among Inuit popu lations. 

Inuit have been rep lacing and/or supplementing their 
trad itional diet by some nutrient-poor imported srore foods 
(Lawn 1993). We know that these changes affect Inuit health 

by the increasing occurrence of diabetes, cardiovascular heart 
disease and other diet-related nutritional deficiencies 

(Kuhn lein 1997, Schaefer 1980). The prevalence of these 
diseases can be expected ro continue ro increase and cause 
health problems in the future (Thouez 1990). Fortunately, 

diet behaviour is a modifiable risk behaviour (Elford 1991, 
Kro ndl 1978). Therefore, a better understanding of the 

factors influencing d iet choice will help northern health 
profess ionals and decisio n makers ro better understand diet 

tre nds and suppo rt act ivities to p rotect and promote 
nutrit iona l hea lth and wel l be ing. Health promotion 
professionals, sud1 as the L1brador Inuit Health Commission 

(LIHC), as well as educarors, can be better equipped to 
develop programs targeted to specific at-risk populations 
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such as women of childbearing age, who are more prone ro 
suffer from nutritional deficiencies (e.g. iron, calcium) and 
ase of utmost importance due to the influence they have on 
their infant's nutritional health, and teenagers who are 
known to be less inclined to prefer nutrient rich traditional 

foods and more inclined and prompted to consume nutrient
poor store foods (Kuhnlein 1997, Dewailly 1998). 

Although economic, contaminant-related and some social 
factors have been identified to explain associated changes 
in the consumption of traditional country foods, few 
studies have looked at nutritional knowledge, food prefer
ences and other personal factors influencing individual 
food choices. Some studies do mention social and cultural 

factors related ro changes in traditional food consumption 
(in particular food availability, harvesting time, costs of 
equipment for hunting/fishing, etc.). However, to date, 
no comprehensive study has been done to assess the actual 
impact these factors have on individual consumption

related behaviour, and rhe relative bearing of modernity, 
contaminants information or social and individual prefer
ences of food choice is not known . 

This research project addresses the needs of northern 
health professionals in promoting healthy food choices 

through organizing and presenting the factors influencing 
northerners' food habits in a comprehensive and under

standable way. It supporrs rhe role of Inuit health orga
nizations, government agencies, and advisory bodies in 
providing balanced and accessible information to Inuit 
and other northerners on traditional/wild foods, nutrition 

and health. 

While western science has recently recognized the biological 
and economic benefits and risks related ro traditional/wild 
foods, traditional knowledge has long since recognized the 

many benefits of a traditional diet in terms of physical, social, 
and spiritual well-being (Borre 1991, 1994; Egede 1995). 
Others have reported on the loss or disruption of these social 

and cultural components through associated confusion and 
concern over food safety related to reports of environmental 
contamination (Sance Quebec 1992; Wheatley 1981; Wenzel 
1986). orthern health professionals, government represen

tatives and advisory bodies have had the responsibility ro 
"manage", through the balancing of available information, 
the provision of advice and in some cases intervention, as 

well as the protection and promotion of public health in rhe 
orch and its relationship ro local resource use. This has 

proven to be a difficult, and at rimes, challenging exercise, 

in particular because che population's needs, expectations 
and preferences have not always been considered. 

It is argued here that an organization and presentation of 
rhis informarion is of value ro northern managers and 
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health professionals as it allows for ordered consideration 
of the reported inAuence of psycho-social factors on 

personal food choices in the development of interventions 
and promotions to support nutritional health and 
well-being. The balanced consideration of these compo

nents of a traditional diet ate vitally important to any 
decisions regarding traditional/wild food protection and 
promotion, as they roo directly impact individual's health 
and well-being and determine the extent to which the 

population is able and willing ro comply co health 
policies, programs and interventions. Those responsible 

for the protection and promotion of public health in the 
North muse consider and have access ro all available 
information in order to make informed decisions. This is 

becoming increasingly more important as che issues 
surrounding traditional/wild foods in the North are 

becoming increasingly complex. 

Activities 

In 2001-2002 
The development of the survey cool co identify and assess 
determinants of diet behaviour was completed through a 
number of activities. First, consultations with local 

researchers were held co discuss che proposed ways co 
conduct the research and methods to be used, and co 

review and adjust the focus group guide for the commu
nity. The project was also presented co the LIHC health 
promotion and nursing team at this cime. 

Second, group discussions (focus groups) were conducted 
with a sample of Nain residents representing a range of 

different socio-economic and demographic characteristics 
among the general population. There were eleven (11) group 
discussions (n = 66) with 4 groups of men (13-75 years old), 

6 groups of women (I 3-75 years old) and 1 group of 
teenagers composed of girls and boys. 

Content analysis of the data from the discussion groups 
was based on Gagne and Godin's guide (1999). InAuences 
on traditional food and store food consumption were 

categorized according co 6 groups: I. Behavioural beliefs 
(advantages/disadvantages), 2. Normative forces, 
3. Behavioural norms, 4. Facilitating factors/barriers, 

5. Affect, and 6. Others. Questions were then drafted and 
organized in the questionnaire based on the results of this 

analysis. Then, a first draft of the questionnaire was 
discussed and reviewed by the Labrador Inuit Association 
Research Office, Labrador Inuit Health Commission 

representatives, local translators and people randomly 
selecred in the community. Adjustments were made for 
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clarity and comprehension resulting from chese conversa
tions. The second version of the questionnaire was then 

translated from English to lnukcicuuc and back-translated 
from lnukcituut to English by a second translator. Both 

versions were reviewed and adjusted accord ingly. 

Finally, the questionnaire was tested for ics clarity, com
prehension and reliability with representatives of different 

socio-demographic groups of the population of Nain. 
These individuals were asked to complete the survey and 

chen duplicate this exercise between 10 and 19 days lacer. 
A total of 40 participants (d ivided into 2 groups) 

completed the test and 39 completed the retest. Group 1 
tested the English version at Time 1 and at Time 2 

(10-19-day interval). Group 2 tested the lnukcituut 
version at Time 1 and at Time 2 (12-29-day interval). 

Only one participant was not available for the retest. 

Verification of the internal consistency of che theoretical 

variables by means ofCronbach's Alpha (Cronbach 1951), 
and testing of che stability of the instruments over time 

by means of the intra-class correlation coefficient 
(Shroutre 1979) are being conducted . 

The questionnaire developed for the test-retest was based 
on the emic content (as elicited from the population 

through group interviews) of the etically defined 
constructs of T riandis' theory of interpersonal behaviour 

(1980). (A copy of the questionnaire is in append ice.) 

Activities 

In 2002-2003 
The application of the survey tool developed in year 1 was 

successfully completed in the fall of 2002. One member of 
our research team and nine locally-hired and trained inter

viewers, completed 25 1 face to face interviews with LIA 
members of Nain (Labrador), 13 years of age and older. 

The questionnaire had been tested and retested in both 

English and lnuktituuc with 40 residents of Nain the pre

vious spring and was then further adapted following statis
tical analysis for each question's validity and the survey's 
reliability. Composed of 50 questions, it measured 

frequency of use of foods, constructs of T riandis' ( 1977) 

theory for use of wild food three times a week or more, use 
of score food every day, degree of liking of foods, as well as 

basic socio-demographic information (see Table 4). The 
project and consent forms were reviewed and approved by 

the Ethics Committee of Laval University and by the LIA 
Research Office and LIHC. Informed consent was obtained 

from all participants after having exp lained the objectives 
of the survey. 
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Table 1: Categorized content of focus groups responses (TRADITIONAL FOOD)* 
Potential determinants 
of decreased use 

Affect 
• Don 't like it 
• Sick/tired of it 

Behavioural beliefs/preferences 
• Can make you sick (food poisoning, 

eating too much, mixing foods) 
• Hard to get/find 
• Expensive (need equipment) 
• Strong ta ste 
• Preparation/cooking 
• Lack of variety/boring 

Normative forces 
• Children 
• Health professionals 

Barriers 
• Lack of access/availability 
• Lack of equipment 
• Lack of hunter/fisher in home 
• Lack of time (employment) 
• Season 
• Cost of equipment 

Potential determinants 
of increased use 

Affect 
• Like it, prefer it, love it 
• Crave/want it bad/need it 
• Happy 

Behavioural beliefs/preferences 
• Available/around/abundant 
• Healthy 
• Tasty 
• Simple/convenient 
• Strength/feel better 

Normative forces 
• Parents & elders 
• Health professionals 

Facil itating factors 
• Availability (around community, 

in home) 
• Sharing (family, friends) 
• Donations 
• Storage/freezers 
• Equipment 
• Variety/choices 
• Hunti ng 
• Time (to prepare, to harvest) 
• Already cooked, prepared 
• Municipal freezer 
• Money 

Uncertain effects on use 

Behavioural norms (reference groups) 
• Older people 
• Teens 
• Low income people 
• Everyone eats some 

Other influences 
• Culture 
• Identity (in our blood, part of you) 
• Celebrations (holidays, birthdays, etc.) 
• Being raised on it 
• Way of life 
• Habit 
• Being a parent 

* Top 75% of most frequently mentioned reasons for eating tradrtronal food (except for the "other influences" category) 

Table 2: Categorized content of focus groups (STORE FOOD)* 

Potential determinants 
of decreased use 

Affect 
• Tired/sick of it 

Behavioural beliefs/preferences 
• Lack of freshness 
• Expensive 
• Can make you sick (food poisoning) 
• Unfulfilli ng 

Barriers 
• Cost 
• Avai lability 
• La ck of quality 
• Fattening 

Potential determinants 
of increased use 

Affect 
• Like it/love it 
• Crave it 

Behavioural beliefs/preferences 
• Taste 
• Variety, choices 
• Available (just there) 
• Quick and convenient 
• As substitute for traditional food 

Normative forces 
• Children 
• TV/commercials 
• Parents 

Facilitating factors 
• Money 
• Availability 
• Sharing with family & friends 
• Better quality 
• Food banks 
• Lack of choice (no TF) 

• Top 75% of most frequently mentioned reasons for eating store food (except for the "other influences" category) 
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Uncertain effects on use 

Behavioural norms (reference groups) 
• Kids/youth 
• Everyone eats it 
• Teachers/nurses/RCMP not used to 

lifestyle 
Other influences 

• Habit 
• Celebrations (holidays, birthdays, 

etc.) 
• Being raised on it 
• Being a parent 
• Hunger 
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Table 3: Characteristics of participants in test-retest 

Characteristic n = 40 % 

Age 13-19 9 22.5 
20-30 8 20.0 
31-40 II 27.5 
41-59 8 20.0 
60+ 4 10.0 

Gender M 21 52.5 
F 19 47.5 

Mean# of children in home 2.5 
Mean # of adults in home 2.7 
Hunt or fish Yes 32 80.0 

No 8 20.0 
Interview conducted in: 
English 20 50.0 
lnuktituut 20 50.0 
Level of education attained: 
Teens (in school) Junior 5 12.5 

Senior 3 7.5 
ABE (Adult Basic Education) 3 7.5 

Adults Elementary 3 7.5 
Junior 13 32.5 
Senior 7 17.5 
Post secondary 2 5.0 
No schooling 4 10.0 

Secondary complete 5 12.5 
Occupation* Unemployed 13 32.5 

Student 11 27.5 
Retired 4 10.0 
Professional occupation in culture 4 10.0 
Elementary sales and service occupation 4 10.0 
Trades and equipment operators 2 5.0 
Intermediate sales and service occupation I 2.5 
Elementary occupations in primary industry I 2.5 

• Major groups of the National Occupation Classification (NOC) (Employment and Immigration Canada, 1991) 

All questionnaire forms were reviewed and validated to 
eliminate logic or coding errors and all data for statistical 
analysis were captured twice. Statistical analysis was con
ducted using Statistical Analysis System (SAS) software 
(Statistical Analysis System Institute lnc.1999). The rela
tionship between rhe intention co ear wild food and the 
Triandis theory's constructs was evaluated via logistic 
regression. The relationship between intention co ear score 
food and the Triandis theory's constructs was evaluated 
via multiple regression analysis (Kleinbaum 1988). 

Results 

Descriptive 
The participation rate for the final survey was 94%. 
Stratified random sampling gave us the distribution 
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presented in Table 2, according to age and gender. More 
than half rhe sample was represented by men. Mean age 
of the group was 35 yea rs old. N inery percent (90%) of 
the sample completed the survey in English, while 7% in 
lnukrirut and 3% in a combination of both languages . 

Overall, 88% of participants reported an intention to ea t 
wi ld food three rimes a week or more over the next 
month. Resulcs for regular consumption of wi ld food 
were: 39% eat wild food more than 4 rimes a wee k; 
41 % eat wild food from one to th ree rimes a week. Sixty 
percent (60%) of participants had eaten wild food the day 
before participating in the survey. In regards to score food , 
53% of participants repo rted an intention to eat store 
food every day over the next month, while 66% men
tioned eating it 4 times a week o r more, and 24% from 
one to three rimes a week. Participants having eaten score 
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Table 4. Summary of questionnaire used in final survey of food choices in Labrador 
Constructs WF' 

Normative belief* 

Affect* 

Attitude* 

Intention* 

Perceived behavioural control 

Personal normative beliefs* 

Behavioural beliefs* 

Self-efficacy* 17 

Role Belief* 

Perceived behavioural norm 

Degree of liking 

Habit* 

Use of foods 

Place of use and frequency 

SF' 

11 

Example 

Would the following people approve/disapprove of you eating WF;;,: 3/week? 
(e.g. elders) 
(5-point scale: Totally disapprove - Totally approve) 

If you ate WF;;,: 3 times per week, would you get tired of it? 
(5-point probability scale, no -yes) 

If you ate SF every day, would it be very unsafe - very safe? 
(5-point semantic differential scale) 

Over the next month, do you plan on eating WF;;,: 3 times/week? 
(5-point probability scale, no -yes) 

How easy would it be for you to eat WF;;,: 3 times/week? 
(5-point semantic differential scale) 

Do you feel you should eat SF every day? 
(5-point scale, Totally disagree - Totally agree) 

If you ate WF;;,: 3 times per week, do you believe it would save you money? 
(5-point no -yes scale) 

If SF made you gain weight would that prevent you from eating it every day? 
(5-point no -yes scale) 

As a parent, do you think you should eat WF? 
(5-point scale, Totally disagree - Totally agree) 

In your community, how many people do you think eat SF every day? 
(5-point scale: 0% - 100%) 

How do you like the taste of WF? (IQ-point scale, not at all - like very much) 

Usually: Frequen cy of use of WF (6-point frequency scale: never - every day) 

Yesterday: Did you eat SF? (Dichotomous: yes/no), What did you eat? 
Last week: Frequency of use of SF (4-point frequency scale: 0 - every day) 

Place foods are consumed. (E.g. at home, in restaurant) 
(4-point scale: rarely/never- most of the time) 

One (1) open question on other reasons for eating wild food and store food 

* Constructs of Triandis's theory; 1Number of items (questions) used to measure each construct in relation to wild food (WF); 2Number of items (questions) 
used to measure each construct in relation to store food (SF) 

Table 5. Composition of participants in final food choice survey in Nain, Labrador, according to age and gender 

Age group Male % of sample Female % of sample Total % of sample 

13- 19 30 11.95 29 11.55 59 23.51 

20-30 32 12.75 32 12.75 64 25.50 

31-40 25 9.96 21 8.37 46 18.33 

41 - 59 33 13.15 25 9.96 58 23.11 

60 + 13 5.18 11 4.38 24 9.56 

TOTAL 133 52.99 118 47.01 251 100.00 

food the day before the survey represented 88% of the 
sa mp le. Also, 78% of adult participants in che final survey 
respo nded char they parti cipated in harvesting activities 

and 79% had a hunter/fisherman that shared wild foods 
wirh them. Ninery-five percent (95%) of youth reported 
chat their parents hunt and/or fish'. 

1 Calculations of mean frequency of harvesting activity could not be made as answers varied from "sometimes" 10 "twice a month", "weekends and all 
summer", "on holidays~, e1c. 
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Questions related to health and safety value 
of traditional/wild food 
When asked if "eating wild food three times per week or 
more over the next month would be the healthiest thing 
for you" (one measure of behavioural belief), 99% of 
participants responded probably/yes. When asked if eating 
wild food three times/week or more over the next month 
would be unhealthy/healthy (one measure of attitude), 
96% of participants thought it would be healthy/very 
healthy. When asked if this behaviour was unsafe or safe, 
97% responded that they thought it would be safe/very 
safe (one measure of attitude). 

Analytical 
Results on intention to eat wild food 3 times a week or 
more over the next month show that the most influential 
factors were ease or difficulty of access, beliefs about the 
consequences of eating wild food (e.g. "I believe eating 
wild food saves me lots of money") and personal values 
(e.g. "I think I should eat wild food three times a week 
or more"). Participants in the survey who perceived eating 
wild food three times a week or more as being easy, had 
14 times more chance of reporting a strong intention to 
eat it than those who perceived it as being difficult. 
Participants who had strong beliefs about the conse
quences of eating wild food had 4.6 times more chance 
of reporting a strong intention to eat wild food. People 
who believed that they should eat wild food three times 
a week or more had 4.5 times more chance of reporting 
a strong intention to eat wild food. Table 6 presents the 
logistic regressions of intention to eat wild food on the 
statistically significant predictor variables. 

Results on intention to eat store food every day over the 
next month show chat the most influential factors were 
ease or difficulty of access (e.g. "If I wanted to, I could 
eat store food every day"), beliefs about specific roles 
(e.g. "I think that a person my age should eat store food 
every day"), perception that a certain type of people eat 
it every day (e.g. "In my community, 1 believe that 75% 
of people eat srore food every day") and barriers/ 
facilitating factors to eating store food every day ("If it 

was too long to cook/prepa re, it would/would not stop 
me from eating store food every day). Table 7 presents the 
multiple regressions of intention to eat score food on the 
statistically significant predictor variab les . 

Of the 12 constructs examined for their part in predicting 
intention to eat wi ld food and store food, three play a 
sign ificant role in the intention to ea t wild food three 
times/week or more over the next month, while 4 of chem 
explain 60% of the variance in intention to eat sto re food 

every day over the next month. 

Discussion 
The methods used in the first yea r of this study, to elicit 
the emic views of the ecic constructs, contri buted to the 
quality of our questions in the year 2 su rvey. The 
questionnaire was built from local knowledge and language, 
tested and retested, and further adjusted so it was easy co 
understand and answer. No questions in the applied survey 
were considered inappropriate or irrelevant by participants 
and thus the number of non-responses was very low as on ly 
7 questionnaires were dropped in the final analysis. Also, 
including an open-ended question at the end of the 
questionnaire allowed us co further ensure that we covered 
all possible answers in the previous questions as no new or 
different attributes were reported. 

In our survey, only three questions addressed the issue of 
che effect of contaminants on food choices and our results 
indicate chat there is no effect. Two of the three questions 
on this issue were included in the composite measure of 
attitude and one was included in the measure of behav
ioural beliefs. Although these were not specific questions 
on contaminants, we believe the fear, or lack of fear of 
contaminants in wild foods is filtered through the measure 
of attitude which was included in chis study. It muse also 
be emphasized that the methods used to build the survey 
aimed to elicit, through focus group interviews, salient 

be/iefi about the consumption of wild food and store food. 
This was done using very general elicitation quest ions 
during the focus group process. Therefore, if contami
nants was not brought up by participants, it was not 

Table 6. Logistic regression model predicting intention to eat wild food 3 times a week or more over the next month in 
Nain, Labrador (n = 244) 
Variables Parameter estimate Standard error OR Cl p 

Perceived behavioural control 2.67 0.37 14.44 6.95-29.97 < .0001 

Behavioural beliefs 1.53 0.49 4.62 1.76-12.16 < .0004 

Personal normative belief 1.51 0.43 4.53 1.96-10.43 < .0001 

OR = Odds ratio; Cl,. = 95% Confidence interval 
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Table 7. Multiple regression model predicting of intention to eat store food (SF) every day over the next month 
(n = 244) 

Constructs of Triandis' theory of interpersonal behaviour, modified 

Perceived behavioura l control 

Role bel ief 

Perceived behavioural norm 

Self-eff icacy (barriers/faci litating factors) 

Eating SF every day 
over the next month (n - 244) 

B R' adjusted 

0.46** 

0.09** 

0.04 ** 

0.01* 0.60 1 

* P < .01; ** p < .001; To be included, a variable must add at least 1% of variance to the model 
1 For the behaviour to eat store food every day, 60% of the variance observed is explained by the 4 significant constructs 

cons idered a salient concern and therefore not included 
as a specific question in the questionnaire (this protected 
che researcher from the sicuacion of"suggescing" responses 

co che participants). 

With th is study, we aimed to go beyond asking people to 

agree with predetermined or preconceived statements about 
wild food consumption. Comments made regarding 
disadvantages of wi ld food in this study mainly concerned 
food poisoning from zoonoses in raw meat and botulism. 
Only four out of288 mentions of advantages/disadvantages 

of wild food during our focus groups concerned contami
nants (cadm ium and PCBs). However, none of these 

mentions were expressed as barriers co wild food consump
tion. Participants were much more expressive of their fear of 
score foods in Labrador. Furthermore, participants had 
multiple opportunities to express cheir concerns during che 
test-retest phase also since, for each question, precise reasons 
for answering in one way or another were requested. 
Although we recognize chat all methods have limits in what 
informat io n they elicit, we believe chat if concern for 

contaminants was an issue when faced with the intention to 

eat wild food or not ( as the question was posed in this survey), 

it would have come out more often in participants' 

respo nses. 

Conclusions 
This study addressed two identified gaps or challenges in 
the effective management and communications related t0 

contaminants and traditional/wild food in the North. 
Add it io nally, it has provided a basis of understanding of 
diet related be havio ur in a northern community. This is 
the second qua ntitative data of its kind in a region where 

sign ificant inAuences co, and changes in, diet have been 
observed in the lase few decades and appear co be continu
ing into the future. Some of these shifts in diet have 
significant health implications. These results are intended 
to help health and environment officials in managing 
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contaminants and health issues and in planning promo
tion or prevention activities co effectively target specific 
groups based on specific diet-related behaviours. If the 
objective of health advice and advisories is co simply 
inform people of the potential human health effects of 
exposure to certain contaminants through the consump

tion of traditional/wild foods, general communication 
methods are most appropriate. However, if the desired 
effect is to change behaviour based on these results, 
planning an intervention based on changing the percep
tion people have of how easy or difficult it is to increase 
or decrease their consumption of a certain traditional/wild 
food will have a greater chance of achieving the program 
goal. An example of this might be the hypothetical case 
of a recommendation co decrease consumption of a 
specific traditional/wild food chat is met with non
compliance. The results of this study suggest chat an 
argument based on the provision of health information 
alone would have licde chance in changing behaviour if 
this traditional/wild food was available for free through 
sharing networks or other sources in the community 
(i.e. people do not choose their food solely on the basis 
of their value co heal eh). The issue of ease of access would 
need co be considered in the development of the interven
tion strategy or release of health advice and expected 

outcomes. 

Results on the dererminants of food choice in Kuujjuaq, were 
very similar to results for Nain, Labrador (Table 5). This may 
suggesr that implementation of intervention and promotion 
programs related to wild foods and contaminants in the 
Canadian North could cake a similar form in many regions 
(results here are from rwo Inuit regions only and application 

co other Aboriginal groups must be evaluated) as ease of 
access was an important determinant of wild food use in 
both regions. Dara also suggest chat questions used in both 

survey cools were very similar and support our hypothesis 
that a core set of questions could be used across the Canadian 
North. Both questionnaires used in Kuujjuaq (Nunavik) and 
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Table 8. Comparison of results between Kuujjuaq (Nunavik) and Nain (Labrador) of the signifi cant determinants' of 
intention to eat traditional/wild food and store food reported in each community 

Kuujjuaq (Nunavik) Na in (Labrador) 

Determinants of intention Traditional Inuit Food' 

PBC 
AFF 

PNB 
AACT 

HAB 

Store-Bought Food' 

PNB 
AFF 

PBC 
HAB 

Taste 

SE 

Wild Food' Store Food' 

PBC PBC 
88 RB 

PNB PBN 
SE 

1 In order of decreasing importance; 2 Different terms were used in the different regions {traditional Inuit food and wild food are the same thing, and store•bought food 
and store food are the same thing) 

PBC = Perceived behavioural control; AFF = Affect; PNB = Personal normative belief; AACT = Attitude; HAB = Habit; Taste; SE= Self-efficacy; 88 = Behavioural beliefs; 
RB= Role beliefs; PBN = Perceived behavioural norm 

Nain (Labrador) are included in appendix A. As only quali
tative dara is available for Barrow (Alaska), we can not 
compare our questionnaires with our work from that region 
at this time. 

Expected Completion Date 
This project is now complete. 
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Appendix A: 

Food Choice Questionnaires Used in Nain (Labrador) 
and Kuujjuaq (Nunavik) 

Food Choices in Nain 

Survey Introduction 
This short survey is a collection of personal opinions and 
attitudes towards STORE (MARKET) FOODS and 
WILD FOODS. 

By WILD FOOD, we mean all plants and animals (from 
land and water), and includes resources chat you get 
from other comm unities (example: wild food sent by 
friends or relatives from outside of Nain). 

By STORE FOOD, we mean any food produced outside 
of the region (like canned food, meat, fruit, vegetables, 
pasta, rice and other staples), including ingredients to 
make panicsiak, food eaten in restaurants (hotel, Jenkins, 
other restaurants out of town) and take-out food. 

For each questio n or statement, mo re than o ne answer is 

offered. I will read the question and the answers. You cell 
me which answer is the one chat best describes what you 
chink or feel at this moment. Here is an example: 

"WILD FOOD is good for your body". Do you: 

INTERVIEWER: Read all answers and check only one box(✓) 

Totally 
disagree 

□ 

Disagree 

□ 

Neither agree/ 
disagree 

□ 

Agree 

QJ 

Totally 
agree 

□ 

Remember: THERE ARE NO RIGHT NOR WRONG ANSWERS. 
THIS IS NOT A NUTRITION SURVEY. PLEASE ANSWER AS TRUTHFULLY AS POSSIBLE 

ACCORDING TO WHAT YOU THI KAT THIS MOMENT. 

Date of interview: 
Month Day Year 

Start of interview (time): End of interview: 
Hour Minutes Hour Minutes 

Name of interviewer: 

Place of interview (home, workplace, LIA office, specify other place): 

96 C. Furgal 



Wild Food 
1. How often do you usually eat WILD FOOD? 

Never .. D <> Wh not? 

Less than once a month .. D 
1- 3 times a month ... D 
1- 3 times a week ... D 
4- 6 times a week ... D 
Every day ... D 

2. Last week, how many times did you eat WILD FOOD? 

0 times ... D <> Wh not? 

1-3 times .. D 
4- 6 times .. D 
Every day ... D 

3. Did you eat WILD FDDD yesterday? 
Yes (write down all foods eaten) ... D <> What did you eat? 

No .. D 

4. Where do you usually eat WILD FOOD and how often? 
Most of 

N/A Rarely/never Sometimes Often the time 

a) At home (where you live presently) .. D D D D 

b) At friends' homes .. D D D D 

cl At parent's/relative's homes ... D D D D D 

d) At camp (out on the land) ... D D D D 

e) Other: ( write down name of place) D D D D 

5. Over the next month, is it possible for you to eat WILD FOOD 3 times a week or more? 
Maybe/ 

No Probably not Maybe not Probably Yes 

D D D D D 

6. How would you feel about eating WILD FOOD 3 times a week or more over the next month? 
Maybe/ 

No Probably not Maybe not Probably Yes 

a) Would you be satisfied? .. D D D D D 

b) Would you get tired or sick of it? ..... D D D D D 

c) Would you be happy about it? ....... D D D D D 
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7. "I feel I should eat WILD FDDD 3 times a week or more as part of my values" . Do you: 

Totally Neither agree 
disagree? Disagree? or disagree? Agree? Totally agree? 

□ □ □ □ □ 

8. If you ate WILD FDDD 3 times a week or more over the next month, do you think it would: 

Maybe/ 
No Probably not Maybe not Probably Yes 

a) Be the healthiest thing for you? ... □ □ □ □ □ 
b) Save you lots of money? .. □ □ □ □ □ 
c) Make you stronger than ea ting STORE FOO D1 .. □ □ □ □ □ 
d) Increase your risk of gett ing food poisoning1 ... □ □ □ □ □ 
e) Make you feel better1 .. □ □ □ □ □ 

9. Over the next month, do you plan on eating WILD FOOD 3 times a week or more? 

Maybe/ 
No Probably not Maybe not Probably Yes 

□ □ □ □ □ 

10. How easy would it be for you to eat WILD FOOD 3 times a week or more over the next month? 

Very Hard Hard N/either Easy Very easy 

□ □ □ □ □ 

11. " I feel that a person my age should eat WILD FDDD 3 times a week or more". Do you: 

Totally N/either agree 
disagree? Disagree? or disagree? Agree? Totally agree? 

□ □ □ □ □ 

12. In your community, how many people, do you think, eat WILD FOOD 3 times a week or more? 

0% 25% 50% 75% 100% 
None A few About half Most Everyone 

□ □ □ □ □ 

13. If you ate WILD FOOD 3 times a week or more, over the next month, would it be: 
a) Not tasty at all? Not tasty? N/either? Tasty? Very tasty? 

□ □ □ □ □ 
b) Very unsatisfying? Unsatisfying? N/either? Satisfying? Very satisfying? 

□ □ □ □ □ 
C) Very bad? Bad? N/either? Good? Very good? 

□ □ □ □ □ 
d) Very unhealthy? Unhealthy? N/either? Healthy? Very healthy? 

□ □ □ □ □ 
e) Very unsafe? Unsafe? N/either? Safe? Very sale? 

□ □ □ □ □ 
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14. "As a Labradorimiuk, I feel I should eat WILD FOOD 3 times a week or more". Do you: 
Totally N/either agree 

disagree? Disagree? or disagree? Agree? Totally agree? 

□ □ □ □ □ 

15. If you wanted to, could you eat WILD FOOD 3 times a week or more, over the next month? 
Maybe/ 

No Probably not Maybe not Probably Yes 

□ □ □ □ □ 

16. "I feel I should eat WILD FOOD 3 times a week or more because it's part of who I am ". Do you: 
Totally N/either agree 

disagree? Disagree? or disagree? Agree? Totally agree? 

□ □ □ □ □ 

17. Over the next month, will you eat WILD FOOD 3 times a week or more? 
Maybe/ 

No Probably not Maybe not Probably Yes 

□ □ □ □ □ 

18. Would you eat WILD FOOD 3 times a week or more, over the next month: 
Maybe/ 

No Probably not Maybe not Probably Yes 

a) If it was prepared in a new or different way 

(new recipes) 1 .. □ □ □ □ □ 
b) If family members gave it to you ? .. □ □ □ □ □ 
c) If you had more time? □ □ □ □ □ 
d) If you had some in your freezer/stocked up1 .. □ □ □ □ □ 
e) If there was a community freezer in Nain? .. □ □ □ □ □ 
I) If you cou ld buy it in a local store1 .. □ □ □ □ □ 
g) If it was cut up/packaged in small pieces 

in you r freezer1 ...... □ □ □ □ □ 
h) If it was already cooked/prepared for you 

at home1 .... □ □ □ □ □ 
i) If you could have it all ready over at 

someone's place? .. □ □ □ □ □ 

j) Even if it was the same kind every time1 ...... □ □ □ □ □ 
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19. Over the next month, what would stop/prevent you from eating WILD FOOD 3 times a week or more? 
Maybe/ 

No Probably not Maybe not Probably Yes 

a) If you had to ask around for it, would that 
stop you7. .. □ □ □ □ □ 

b) If you had to hunt/fish for it, would that stop you 1 □ □ □ □ □ 
c) If you had to work (and had less time), would that 

stop you 1 ... □ □ □ □ □ 
d) If you had no money to go fishing/hunting, wou ld 

that stop you? □ □ □ □ □ 
e) If it made you gain weight, would that stop you 1 .. □ □ □ □ □ 
f) If you had no equipment (boat, skidoo), would 

that stop you 1 .. □ □ □ □ □ 
g) If you had to travel far to get it, would that 

stop youi ... □ □ □ □ □ 

20. On a scale of 1 to 10, how do you like the taste of WILD FOOD? (circle only one number) 
Not at all Like very much 

0 2 4 6 8 10 

21. In your opinion, would the following people approve or disapprove of you eating WILD FOOD 3 times a week or more 
over the next month? 

Totally Totally 
N/A disapprove Disapprove N/either Approve approve 

a) Elders .. □ □ □ □ □ 
b) Health professionals (doctor/ 

nurse/nutritionist) □ □ □ □ □ 
c) Your parents □ □ □ □ □ 
d) Your children □ □ □ □ □ 
e) Your husband/wife/partner. .... □ □ □ □ □ 

22. "As a parent, I feel that I should eat WILD FOOD 3 times a week or more" , do you: 
Totally N/either agree 

N/A disagree? Disagree? or disagree? Agree? Totally agree? 

□ □ □ □ □ □ 

INTERVIEWER: NOW LET'S TALK ABOUT STORE FOOD ONLY 
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Store Food 
23. How often do you usually eat STORE FOOD? 

Never.. D c:> _W_h _n_ot_i _______________ _ 

Less than once a month □ 
1- 3 times a month ... □ 
1- 3 times a week ... □ 
4- 6 times a week .. . □ 
Every day ... □ 

24. Last week, how many times did you eat STORE FOOD? 

0 times... D c:> _W_h _n_ot_? _______________ _ 

1- 3 times .. 

4- 6 times .. 

Every day ... 

□ 
□ 
□ 

25. Did you eat STORE FOOD yesterday? 

Yes (write down all foods eaten) ... 

No .. 

D <> What did you eat? 

□ 

26. Where do you usually eat STORE FOOD and how often? 

N/A Rarely/never 

a) At home (where you live presently) □ □ 
b) At friends ' homes .. □ □ 
c) At parent's/relative 's homes ... □ □ 
d) At camp (out on the land) □ □ 
e) Hotel/take-out .. □ □ 
f) Other: write down name of place) □ □ 

27. "Personally, I feel that I should eat STORE FOOD every day?". Do you: 
Totally 

disagree? Disagree? 

□ □ 

Sometimes 

□ 
□ 
□ 
□ 
□ 
□ 

N/either agree 
or disagree? 

□ 

28. How would you feel about eating STORE FOOD every day over the next month? 
Maybe/ 

No Probably not Maybe not 

a) Would you be satisfied 7 .. □ □ □ 
b) Would you get tired or sick 

of it? .. □ □ □ 
C) Would you be happy about it? .. □ □ □ 
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Most of 
Often the time 

□ □ 
□ □ 
□ □ 
□ □ 
□ □ 
□ □ 

Totally 
Agree? agree? 

□ □ 

Probably Yes 

□ □ 

□ □ 
□ □ 
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29. If you ate STORE FOOD every day over the next month, do you think it would: 
Maybe/ 

No Probably not Maybe not Probably Yes 

a) Be good for your health? ... □ □ □ □ □ 
b) Be very expensive? .. □ □ □ □ □ 
c) Save you time? .. □ □ □ □ □ 
d) Taste good? ... □ □ □ □ □ 
e) Make you full/be fulfilling1 .. □ □ □ □ □ 
f) Increase your risk of getting food 

poisoning1 .. □ □ □ □ □ 
g) Be different1 .. □ □ □ □ □ 

30. "As a Labradorimiuk, I feel I should eat STORE FOOD every day". Do you: 

Totally N/either agree 
disagree? Disagree? or disagree? Agree? Totally agree? 

□ □ □ □ □ 

31. If you ate STORE FOOD every day, over the next month, would it be: 

a) Not tasty at all? Not tasty? N/either? Tasty? 

□ □ □ □ 
b) Very bad? Bad? N/either? Good? 

□ □ □ □ 
c) Very unsatisfying? Unsatisfying? N/either? Satisfying? 

□ □ □ □ 
d) Very unhealthy? Unhealthy? N/either? Healthy? 

□ □ □ □ 
e) Very unsafe? Unsafe? N/either? Safe? 

□ □ □ □ 

32. Over the next month, will you eat STORE FOOD every day? 

Maybe/ 
No Probably not Maybe not Probably 

□ □ □ □ 

33. In your community, how many people, do you think, eat STORE FOOD every day? 
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0% 
None 

□ 

25% 
A few 

□ 

50% 
About half 

□ 

75% 
Most 

□ 

Very tasty? 

□ 
Very good? 

□ 
Very satisfying? 

□ 
Very Healthy? 

□ 
Very safe? 

□ 

Yes 

□ 

100% 
Everyone 

□ 
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34. In your opinion, would the following people approve or disapprove of you eating STORE FOOD every day over the 
next month? 

Totally Totally 
N/A disapprove Disapprove N/either Approve approve 

a) Your kids 1 .. □ □ □ □ □ □ 
b) Your parents1 ... □ □ □ □ □ □ 
c) Your husband/wife/partner? .. □ □ □ □ □ □ 

Maybe/ 
No Probably not maybe not Probably Yes 

d) Does TV influence you to eat 
more'SF? .. ... ... .... ......... ..... .... □ □ □ □ □ □ 

35. "I feel that a person my age should eat STORE FOOD every day". Do you: 
Totally N/either agree Totally 

disagree? Disagree? or disagree? Agree? agree? 

□ □ □ □ □ 

36. If you wanted to, could you eat STORE FOOD every day, over the next month? 
Maybe/ 

No Probably not Maybe not Probably Yes 

□ □ □ □ □ 

37 . Would you eat STORE FOOD every day, over the next month: 
Maybe/ 

No Probably not Maybe not Probably Yes 

a) If people shared it with you i ... .. □ □ □ □ □ 
b) If you had it in your home or freezer? □ □ □ □ □ 
c) If you could order it from Murray's? □ □ □ □ □ 
d) If it was cheaper? □ □ □ □ □ 

38. Over the next month, what would stop/prevent you from eating STORE FOOD every day? 
Maybe/ 

No Probably not Maybe not Probably Yes 

a) If it was expensive, would that 
stop you ? ... □ □ □ □ □ 

b) If there were less choices (less variety) □ □ □ □ □ 
c) If it was not fresh/outdated , would that 

stop you? .. □ □ □ □ □ 
d) If it was too long to cook/prepare1 . □ □ □ □ □ 
e) If it was not in stores & restaurants 

locally? .. □ □ □ □ □ 
f) If there was more WILD FOOD 1 ... □ □ □ □ □ 
g) If it made you gain weight, would that 

stop you 1 ... □ □ □ □ □ 

39. How easy would it be for you to eat STORE FOOD every day, over the next month? 
Very hard Hard N/either Easy Very easy 

□ □ □ □ □ 
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40. "I feel I should eat STORE FOOD every day because it's part of who I am". Do you: 
Totally N/either agree 

disagree? Disagree? or disagree? 

□ □ □ 

41. Over the next month, do you plan on eating STORE FOOD every day? 
Maybe/ 

No Probably not Maybe not 

□ □ □ 

42. Over the next month, is it possible for you to eat STORE FOOD every day? 
Maybe/ 

No Probably not Maybe not 

□ □ □ 

43. "As a parent, I feel that I should eat STORE FOOD every day", do you: 
Totally N/either agree 

N/A disagree? Disagree? or disagree? 

□ □ □ 

44. On a scale of 1 to 10, how do you like the taste of STORE FOOD? {circle only one number) 

Not at all 

45. Can you tell me anything else about why you eat WILD FOOD? {other reason/influence?) 

46. Can you tell me anything else about why you eat STORE FOOD? {other reason/influence?) 
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Agree? 

□ 

Probably 

□ 

Probably 

□ 

Agree? 

□ 

Totally 
agree? 

□ 

Yes 

□ 

Yes 

□ 

Totally 
agree? 

□ 

Like very much 

10 
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Socio-economic Information 
SEl. Gender: Male □ Female □ 

SE2. What is your date of birth? 
Day 

SEJ. What grade did you complete in school? 

SE4. Teens (or adults still in school): What grade are you in school? 

SES. What do you do for a living (work)? 

SE7. 

a) Is it: .. 
b) Is it: .. 

part t ime1 □ 
seasonal 1 D 

Teens: What do your parents/guardians do for a living? 

1) Mother/guardian, 

a) Is it:.. pa rt time1 □ 
b) Is it: .. seasonal? □ 

2) Father/guardian, . 

a) Is it:.. pa rt time? □ 
b) Is it:. . seasonal? □ 

or 
or 

or 
or 

or 
or 

SES. How many children (under 18) besides yourself live in your home? 

SE9. How many adults (over 18) besides yourself live in your home? 

SE10. How many of these people living in your home have a job? 

Month Year 

full time1 □ 
year round? □ 

full time1 □ 
year round 1 □ 

full time1 □ 
year round 1 □ 

(number) 

(number) 

INTERVIEWER: Write what each person does and if they are 
part-time or full-rime and year round or seasonal 

Example: 
1. My sister: waitress, part-time, year round 

2. My cousin: hunter, full-rime, seasonal 

L a) Is it: part time1 □ or 
b) Is it: seasonal? □ or 

2. a) Is it, part time' □ or 
b) Is it: seasonal 1 □ or 

3. a) Is it, part time1 □ or 
b) Is it: seasonal 1 □ or 

4. a) Is it, part time1 □ or 
b) Is it: seasonal 1 □ or 

5. a) Is it: pa rt time? □ or 
b) Is it: seasonal? □ or 

C. Furgal 

Unemployed □ 

Unemployed □ 

Unemployed □ 

ful l time? □ 
year round? □ 
ful l time? □ 
year round? □ 
full time1 □ 
year round? □ 
full time1 □ 
yea r round1 □ 
full time' □ 
year round 1 □ 
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SE11 A. Do you hunt or fish? 
Yes □ c:> How often? 

Spring 
Summer ______ _ 
Fall 

No □ Winter 

(number) (Interviewer: Don't take vague, general answers for an answer, like: 
(number) «seasonally», «once in a whi le», «when I get the chance». We want 
(number) an average or number of times. E.g. 3 times in winter, never in summer, 
(number) every weekend in Fall , once a month in Spring, etc.) 

SE11 B. Do you have a hunter/fisherman in your family that hunts/fishes for you or shares with you? 
Yes □ No □ 

SE12. Teens: Do your parents/guardians hunt or fish? 
Yes D c:> How often? 

No □ 

Spring 
Summer ______ _ 
Fal l 
Winter 

T hank you very much fo r your help . 

(number) 
(number) 
(number) 
(number) 

(Interviewer: Don 't take vague, general answers for an answer, like: 
«seasonally», «once in a while », «when I get the chance». We want 
an average or number of times. E.g. 3 times in winter, never in summer, 
every weekend in Fall , once a month in Spring, etc.) 

(Pay and have him/her sign the receipt. Before leaving, check that all the questions were answered.) 

T he interview was conducted in: English D lnuktituut D Both □ 
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Food Choices in Nunavik 

Survey Introduction 
This short survey is a collection of opinions and attitudes 
cowards IMPORTED FOOD (QALLUNAAT FOOD) 
and TRADITIONAL INUIT FOOD. 

By TRADITIONAL INUIT FOOD, we mean all 
regional plants and animals (from the land and the 
water), including resources that you get from other 
communities. 

By IMPORTED FOOD, we mean any food produced 
outside of the region and imported into the North (like 
meat, fruit , vegetables, pasta, rice and other staples), 
including ingredients to make bannick, food eaten in 
restaurants UD's, Kuujjuaq Inn, Quick Stop, etc.) and 
take-out food. 

For each question or scacemenr, more than one answer is 
offered. I will read che question and che answecs . You tell 
me which answer is che best one chat describes what you 
chink or feel at this moment. Here is an example: 

"TRADITIONAL INUIT FOOD is good for your body". Do you: 

INTERVIEWER: Read all answers and check only one box(✓) 

Totally 
disagree 

□ 

Disagree 

□ 

Neither agree/ 
disagree 

□ 
Agree 

QJ 

Totally 
agree 

□ 
Remember: THERE ARE NO RIGHT NOR WRONG ANSWERS . 

THIS IS NOT A NUTRITIO N SURVEY. PLEASE ANSWER AS TRUTHFULLY AS POSSIBLE 
ACCORDING TO WHAT YOU THI KAT THIS MOMENT. 

Some questions may sound che same, but ic is important co answer every one of them. 

Date of interview: 
Month Day Year 

Start of interview (t ime): End of interview: 

ID number: 

Name of interviewer: 

Place of interview (home, workplace, LIA office, specify other place): 
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Traditional Inuit Food (TI F) 
1. How often do you usually eat TRADITIONAL INUIT FOOD? 

Never □ <> IF NEVER, GO TO QUESTION 6, PAGE 3 

Less Iha n once a month ....... . 

1-3 times a month .. . 

1-3 times a week .. . 

4-6 times a week .. . 

Once or more per day ... 

□ 
□ 
□ 
□ 
□ 

2. Where do you usually eat TRADITIONAL INUIT FOOD and how often? 

Rarely/never 

a) At home (your own house) □ 
b) At your friends' house .... □ 
c) At parents house □ 
d) At camp .. □ 
e) Other: ( write down name of place) □ 

3. Last week, how many times did you eat TRADITIONAL INUIT FOOD? 
0 times... D 
1-3 times .. 

4-6 times .. 

Every day ... 

□ 
□ 
□ 

4. Yesterday, did you eat TRADITIONAL INUIT FOOD? 

~- □ 
Yes ... □ <> What did you eat? 

Sometimes 

□ 
□ 
□ 
□ 
□ 

Often 

□ 
□ 
□ 
□ 
□ 

5. How often do you get TRADITIONAL INUIT FOOD from the community freezer (Hunter Support)? 

6. 
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Rarely/Never... D 

Sometimes .. 

Often ... 

Most of the time .. 

□ 
□ 
□ 

Over the next month, if you ate TRADITIONAL INUIT FOOD 3 times a week or more, would you: 

Maybe/ 
No Probably not Maybe not 

a) Like it? .. □ □ □ 
b) Get tired of it? □ □ □ 

Probably 

□ 
□ 

Most of 
the time 

□ 
□ 
□ 
□ 
□ 

Yes 

□ 
□ 
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7. As part of being lnuk, do you think you should eat TRADITIONAL INUIT FOOD? 

Totally N/either agree 
disagree? Disagree? or disagree? Agree? 

□ □ □ □ 

8. Over the next month, if you ate TRADITIONAL INUIT FOOD 3 times/week or more, do you believe it would: 

Maybe/ 
No Probably not Maybe not Probably 

a) Be very good for your health7 □ □ □ □ 
b) Be less expensive($$) than IMPORTED FOOD1 ... □ □ □ □ 
c) Give you more strength and energy than 

IMPORTED FOOD1 .. □ □ □ □ 
d) Keep you full longer than IMPORTED FOOD? .. □ □ □ □ 
e) Make you feel sick (heartburn , upset stomach)) .. □ □ □ □ 
f) Keep you warm 1 □ □ □ □ 

9. Over the next month, do you plan to eat TRADITIONAL INUIT FOOD 3 times a week or more? 
Maybe/ 

No Probably not Maybe not Probably 

□ □ □ □ 

Totally 
agree? 

□ 

Yes 

□ 
□ 

□ 
□ 
□ 
□ 

Yes 

□ 

10. Over the next month, how easy would it be for you to eat TRADITIONAL INUIT FOOD 3 times/week or more? 
Very Easy 

□ 

Easy 

□ 

Neither 

□ 

Hard 

□ 

11. Do you think you should eat TRADITIONAL INUIT FOOD because you grew up with it? 
Totally 

disagree? 

□ 

N/either agree 
Disagree? or disagree? Agree? 

□ □ □ 

12. Over the next month, is it possible for you to eat TRADITIONAL INUIT FOOD 3 times a week or more? 

C Furgal 

No 

□ 

Maybe/ 
Probably not Maybe not Probably 

□ □ □ 

Very Hard 

□ 

Totally 
agree? 

□ 

Yes 

□ 
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13. Over the next month, if you ate TRADITIONAL INUIT FOOD 3 times a week or more, would it be: 

Very pleasant Pleasant Neither Unpleasant Very unpleasant 

□ □ □ □ □ 
Very good Good Neither Bad Very bad 

□ □ □ □ □ 
Very healthy Healthy Neither Unhealthy Very unhealthy 

□ □ □ □ □ 
Very tasty Tasty Neither Not tasty Not tasty at all 

□ □ □ □ □ 
Very satisfying Satisfying Neither Unsatisfying Very unsatisfying 

□ □ □ □ □ 
Ve ry safe Safe Neither Unsafe Very unsafe 

□ □ □ □ □ 

14. In your community, how often do you think the following people eat TRADITIONAL INUIT FOOD? 

Most of 
Rarely/never Sometimes Often the time 

a) Elders .. □ □ □ □ 
b) People your own age ... □ □ □ □ 
c) People with no income ... □ □ □ □ 
d) People who fish and hunt .. □ □ □ □ 
e) Inuit.. □ □ □ □ 
f) People who work full-time .. □ □ □ □ 

15. Over the next month, if you wanted to, could you eat TRADITIONAL INUIT FOOD 3 times a week or more? 

No 

□ 

Maybe/ 
Probably not Maybe not Probably 

□ □ □ 

16. Over the next month, will you eat TRADITIONAL INUIT FOOD 3 times a week or more? 

No 

□ 

Maybe/ 
Probably not Maybe not Probably 

□ □ □ 

17. Over the next month, would you eat TRADITIONAL INUIT FOOD 3 times a week or more: 

Maybe/ 
No Probably not Maybe not Probably 

a) If it was prepared in a new way 
(e.g. new recipes)7 .. □ □ □ □ 

b) If someone shared it with you7 .. □ □ □ □ 
c) If you got some from other communit ies? .. □ □ □ □ 
d) If there was some at the community freezer7 ... □ □ □ □ 
e) If someone went hunting/fishing for you7 .. □ □ □ □ 
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Yes 

□ 

Yes 

□ 

Yes 

□ 
□ 
□ 
□ 
□ 
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18. Over the next month, what would stop you from eating TRADITIONAL INUIT FOOD 3 times/week or more? 

Maybe/ 
No Probably not Maybe not Probably Yes 

a) If you had to pay for it.. □ □ □ □ □ 
b) If you had to hunt/fish for ii □ □ □ □ □ 
c) If it was too expensive ... □ □ □ □ □ 
d) If you had no money to go fishing/hunting ... □ □ □ □ □ 
e) If you had to travel far to get it .. □ □ □ □ □ 
f) If ii was not available that season .. □ □ □ □ □ 
g) If it made you gain weight... □ □ □ □ □ 

19. Do the following people tell you that you should eat TRADITIONAL INUIT FOOD? 
Most of 

Rarely/Never Sometimes Often the time N/A 

a) Elders .. □ □ □ □ □ 
b) Health professionals (doctor/nurse/dentist) .. □ □ □ □ □ 
c) Your parents .. □ □ □ □ □ 
d) Friends ... □ □ □ □ □ 
e) Wife/h usba nd/significa nt other/partner ... □ □ □ □ □ 
f) Your children .... □ □ □ □ □ 

20. On a scale of 1 to 10, how do you like the taste of TRADITIONAL INUIT FOOD? 
Not at all Like very much 

0 4 5 8 9 10 

NOW LET'S TALK ABOUT IMPORTED (QALLUNAAT) FOOD 
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Imported Food (If) 
21. How often do you usually eat IMPORTED FOOD? 

Never.. 0 c:> IF NEVER, GO TO QUESTION 25, PAGE 7 

Less than once a month .. 

1-3 times a month .. . 

1-3 times a week .. . 

4-6 times a week .... . 

Once or more per day .. . 

D 
D 
D 
D 
D 

22. Where do you usually eat IMPORTED FOOD and how often? 

23. 

a) At home 

b) At your friends's place 

c) At your parents house ... 

d) At camp .. 

e) At a restaurant (JD's, Kuujjuaq Inn, Quickstop) .. 

f) Other, wri te down name of place) 

Last week, how many times did you eat IMPORTED FOOD? 
0 times ... 

1-3 times .. 

4-6 times .. 

Every day ... 

D 

D 
D 

D 

24. Yesterday, did you eat IMPORTED FOOD? 

Rarely/never 

D 

D 

D 

D 

D 

D 

No .. 

Yes ... 

D 
D c:> What did you eat7 

Sometimes 

D 

D 

D 

D 

D 

D 

25. As part of being lnuk, do you think you should eat IMPORTED FOOD every day? 
Totally N/either agree 

disagree? Disagree? or disagree? 

D D D 

26. Over the next month, if you ate IMPORTED FOOD every day, would you: 
Maybe/ 

No Probably not Maybe not 

a) Like it? .. D D D 
b) Get tired of it? .. D D D 
c) Crave TRADITIONAL INUIT FOOD 7 ..... D D D 
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Most of 
Often the time 

D D 

D D 

D D 

D D 

D D 

D D 

Totally 
Agree? agree? 

D D 

Probably Yes 

D D 

D D 

D D 
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27. Over the next month, if you ate IMPORTED FOOD every day, do you believe it would: 

Maybe/ 
No Probably not Maybe not Probably Yes 

a) Be bad for your health7 .. □ □ □ □ □ 
b) Be more expensive than TRADITIONAL 

INUIT FOOD7 .. □ □ □ □ □ 
c) Take less time to prepare than TRADITIONAL 

INUIT FOOD ... □ □ □ □ □ 
d) Be easier to prepare than TRADITIONAL 

INUIT FOOD? .. □ □ □ □ □ 
e) Keep you as full as TRADITIONAL INUIT FOOD? .. □ □ □ □ □ 
f) Make you feel sick (heartburn, upset stomach)? .. □ □ □ □ □ 
g) Keep you warm7 .. □ □ □ □ □ 

28. Over the next month, will you eat IMPORTED FOOD every day? 

Maybe/ 
No Probably not Maybe not Probably Yes 

□ □ □ □ □ 

29. Over the next month, if you wanted to, could you eat IMPORTED FOOD every day? 

Maybe/ 
No Probably not Maybe not Probably Yes 

□ □ □ □ □ 

30. Personally, do you believe in eating IMPORTED FOOD every day? 

Maybe/ 
No Probably not Maybe not Probably Yes 

□ □ □ □ □ 

31. Over the next month, if you ate IMPORTED FOOD every day would it be: 

Very pleasant Pleasant Neither Unpleasant Very unpleasant 

□ □ □ □ □ 
Very good Good Neither Bad Very bad 

□ □ □ □ □ 
Very healthy Healthy Neither Unhealthy Very unhealthy 

□ □ □ □ □ 
Very tasty Tasty Neither Not tasty Not tasty at all 

□ □ □ □ □ 
Very satistfying Satisfying Neither Unsatisfying Very unsatisfying 

□ □ □ □ □ 
Very safe Safe Neither Unsafe Very unsafe 

□ □ □ □ □ 

C. Furgal 113 



32. Do the following people tell you that you should eat IMPORTED FOOD? 
Most of 

Rarely/never Sometimes Often the time N/A 

a) Friends ... □ □ □ □ □ 
b) Health professionals (doctor/nurse/dentist) .. □ □ □ □ □ 
c) Your parents .. □ □ □ □ □ 
d) Television commercials .. □ □ □ □ □ 
e) Husband/wife/significant other/partner ... □ □ □ □ □ 
f) Your children ... □ □ □ □ □ 

33. Over the next month, how easy would it be for you to eat IMPORTED FOOD every day? 
Very easy Easy Neither Hard Very hard 

□ □ □ □ □ 

34. Over the next month, do you plan to eat IMPORTED FOOD every day? 
Maybe/ 

No Probably not Maybe not Probably Yes 

□ □ □ □ □ 

35. In your community, how often do you think the fo llowing people eat IMPORTED FOOD? 
Most of 

Rarely/never Sometimes Often the time 

a) Parents. □ □ □ □ 
b) Elders □ □ □ □ 
c) People that have an income .. □ □ □ □ 
d) Youth (kids and teenagers) .. □ □ □ □ 
e) Inuit ... □ □ □ □ 
f) People your own age .. □ □ □ □ 
g) People who work full-time .. □ □ □ □ 

36. Over the next month, what would stop you from eating IMPORTED FOOD every day? 

Maybe/ 
No Probably not Maybe not Probably Yes 

a) High cost... □ □ □ □ □ 
b) If there were less choices (less variety) .. □ □ □ □ □ 
C) If it was not fresh/outdated ... □ □ □ □ □ 
d) If it was too long to cook/prepare .. □ □ □ □ □ 
e) If it was not in stores and restaurants .. □ □ □ □ □ 
f) If you had more TRADITIONAL INUIT FOOD .. □ □ □ □ □ 
g) If it made you gain weight... □ □ □ □ □ 
h) Because it's not hea lthy ... □ □ □ □ □ 
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37. On a scale of 1 to 10, how do you like the taste of IMPORTED FOOD? 
Not at all 

38. What other reasons make you choose to eat TRAD ITIONAL INU IT FOOD OR IMPORTED FOOD? 

Socio-economic Information 
39. Gender: Male □ 

40. What is your date of birth? 

41. What grade did you complete in schoo l? 

42. Teens: What grade are you in school? 

43. What do you do for a living (work )? 

Is ii: 
Is ii: 

part time7 D 
seasonal? D 

Female □ 

Day 

full time? D 
year round7 D 

44. What does your significant other (husband/wife) do for a living? 

Is ii: part time7 D 
Is ii: seasonal 7 D 

full time? D 
year round 7 D 

Don't have a partner D 

45. Teens: What do your parents do for a living? 

a) Mother: 
Is ii: part time7 □ full time7 □ 
Is ii: seasonal? □ year round? □ 
Don't have a mother □ 

a) Father: 
Is it: part time? □ full time7 □ 
Is it: seasonal7 □ year round7 □ 
Don't have a father □ 

C Furgal 

Month Year 

Like very much 

10 
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46. How many children besides yourself live in your home? 

(number) 

47. How many adults besides yourself live in your home? 

(number) 

48. How many of these people living in your home have a job? 

INTERVIEWER: Write what each person does and if they are 

1. 

2. 

3. 

4. 

5. 

49. Do you hunt or fish? 

pan-rime or full-rime and year round or seasonal 

Example: 
I. My sister: wa itress, pan-rime, year round 

2. My cousin: hunter, full-rime, seasonal 

a) Is it: part time? □ 
b) Is it: seasonal1 □ 
a) Is it: part time1 □ 
b) Is it: seasonal? □ 
a) Is ii: part time1 □ 
b) Is it: seasonal? □ 
a) Is it: part time? □ 
b) Is it: seasonal 1 □ 
a) Is it: part time1 □ 
b) Is it: seasonal1 □ 

Yes □ How often 1 

No □ 

50. Teens: Do your parents hunt or fish? Yes □ How often? 
No □ 

End of the interview. 
Thank the participant. Pay him/her and have him/her sign the recei pt. 

Before leaving, check that all the questions were answered. 

The interview was conducted in: English □ lnuktituut D 
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or 
or 

or 
or 

or 
or 

or 
or 

or 
or 

Borh □ 

full time? □ 
year round? □ 
full time1 □ 
year round 1 □ 
full time? □ 
year round? □ 
full time1 □ 
year round? □ 
full time? □ 
year round? □ 
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Completing CINE Data and 
Reports for Three Major Dietary Studies 

Project leader 
Harriet V. Kuhnlein, Centre for Indigenous Peoples' Nutrition and 
Environment (CINE), Macdonald Campus of McGill University, 
21,111 Lakeshore Rd., Ste. Anne de Bellevue, Quebec, H9X IR9; 
phone: (514) 398-7671; harriet.kuhnlein@mcgill.ca 

Project team 
Grace Egeland (CINE) , Olivier Receveur (University of Montreal), 
Peter Berti (Path Canada). 

Abstract 
Data bases of nutrient composition for both traditional 

Arctic food and market food have been updated and 
compiled with all existing information from CINE and 
Health Canada nutrient laboratories. Dietary data for nutri
ent in take have been merged with these data for assessment 
of inadequacy of nutrients. The new Dietary Reference 
Intakes for protein and fat, as well as other nutrients, are still 

being completed by the National Academy of Sciences in 
cooperation with Healcl1 Canada. The data analyses are still 

incomplete, but wi ll be fin ished by the end of this year. 

Key Project Messages 
T he three major dierary studies completed by CINE in me 
Canadian Arctic are now being finalized with revision of data 
bases using the latest information from Health Canada for 
nutrient reference intakes. This project has involved extensive 

revision of nutrient and d ietary intake data bases. 

Objectives 
I. To review and rev ise data bases of traditional food 

compos ition and marker food composition in light of 
the new H ealth Ca nada dietary reference intakes 

requ irements for food data bases. 

H.V. Kuhnlein 

2. To incorporate recent laboratory data into the tradi
tional food composition data base. 

3. To re-run the 24-hour recall dietary intake data for three 
studies incorporating the new dietary reference intakes. 

4. To review and revise the extensive data bases for 
frequency and seasonaliry of food use. 

5. To prepare the dara, harmonized across the mree studies, 
for a series of publications for the peer-reviewed 

literature. 

Introduction 
Extensive data were collected on nutrient and contaminant 

exposure in the three major cultural areas of the Canadian 
Arctic (Dene/Meris, Yukon First Nations and Inuit) by 
CINE in rhe last I O years. More than 750 food samples 
were collected and analyzed during the course of these 
studies for analysis of a variety of nutrients. Resulting data 
were incorporated into a traditional food data base char can 
be used rogerher wim a market food data base for complex 
dietary data analysis. Considerable work remained ro place 
this key information in the peer-reviewed literature 
(laborarory analys is of nutrients and compilation, update 
with new information from Health Canada on dietary data 
analysis, adjusting files for compatibiliry). 
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Activities 

In 2002- 2003 
I. An arctic nutrient composition database was created 

that included all the food samples co llected by CINE 

Table 1. New data for vitamins in traditional Arctic foods 

Food sample 

Mean Mean 
Species and part Preparation n' retinol (µg) VitE (µg)' 

Arctic char, fl esh raw 41 nd' 

Caribou, bone grease boiled 27 nd 

Caribou, bone marrow aged 278 nd 

Caribou, bone marrow raw 47 nd 

Caribou, brain roasted 2 5.8 nd 

Caribou, meat raw 2 72 nd 

Grizzly bear, grease boiled 107 nd 

Lake trout, flesh raw 77 nd 

Moose, liver raw 4608 nd 

Polar bear, meat raw 508 915 

Ringed seal , liver raw na 

Ringed seal , meat raw na 

Spruce sap dried na 

Walrus, blubber aged 255 nd 

Walrus, blubber raw 99 nd 

Walrus, liver raw 4283 nd 

Wal ru s, meat aged na 

Walrus , meat raw 264 nd 

Whitefi sh, flesh dried na 

White-winged scoter, 
flesh raw na 

• N samples for V1IA and VitE baJpha-tocopherol ' N samples for Vit82, 86 and folate 

Table 2a. Categories of supplements used by adults and 
teens in the three surveys 

Dene/Melis' Yukon Inuit 

Supplement Category N' N recalls 

Vitamins/Minerals 25 26 63 29 

Vitamins on ly 24 36 78 26 

Minerals only 6 12 8 5 

Cod liver oi l 12 3 

Unknown' 30 15 15 

• Total N recalls, Dene/Melis= 1007, Yukon= 797 , Inuit = 1758 

~ Number of types/brands mentioned within each category, in all 3 surveys 

' Examples, ABC 1200, Adults, Essential, Nobites, Trophrc, etc ... 
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since 1987. Since its purpose was for nutrient intake 
anal ysis, a vast amount of rime was req uired to co rn -

pi ece, co mpil e, sea rch for substitutions, merge and 

assess va ri ance in sa mple data fo r a coral of 28 nutri -
ents for approximately 200 food samples. Table I 
shows new nutrient composition data from CINE and 

Mean Mean Mean Mean VitC 
n' VitB2 (mg) VitB6 (µg)lolate (µg) n' (mg) 

0.16 607 70.2 1.2 

0.03 90 trI 0.0 

na• 2 0.0 

na 2 0.0 

0.459 132 10.4 2 4.5 

5 1.29 423 11.8 1.0 

0.03 102 nd 0.0 

0.15 526 70.2 na 

6.51 575 268 220 

0.42 192 7.45 na 

2.88 907 655 I 18.0 

na 2 0.0 

0.12 nd 3.05 0.0 

na na 

na 0.0 

4 2.54 1087 918 4 8.5 

0.59 191 3.40 na 

0.34 131 9.10 na 

0.07 1007 21.9 00 

3.62 721 26.4 1.0 

' N samples for VitC •Not detected ' Trace 1 Not analyzed 

Table 2b. Categories of supplements used by Western 
Arctic children (total N recalls = 222)' 

Supplement Category N' N recalls' 

Vitamins/Minerals -. 
Vitamins on ly 8 49' 

Minerals only 

Cod liver oil 

d Exclud ing repeat reca lls in each season 

• There are 34 recalls that had one of 3 supplements that could possibly be 
categorized under 'Vitamins/Minerals ' or 'Vitamins only', the 3 supplements 
being flintstones, Pokemon and Chewable 
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Hea lth Canada laboratori es that were inco rporated 

into the final trad it iona l food co mpos ition data. 

2. Requ irements of th e new procedures for computing 

d ietary assessments (IOM , 2000; Barr et al., 2002) were 

met by revising the data bases for both traditional and 

market food for fo lic acid (using dietary folate equiva

lents), vitam in E (usi ng only mg alpha-tocopherol), and 

vitamin A (using retina l activity equ ivalents), selenium 

and ma nga nese (Murphy, 2001). 

3. Release of draft dietary reference intakes for protein, 

energy a nd ca rboh yd rate (IOM, 2002) and other 

nutrients (IOM , 200 1) were incorporated in to dietary 
analysis proced ures. 

4. Interview data from pregnant and lactat ing women have 

been separated from the main files; nutrient supplement 

use for all intervi ewees have been compiled (Tables 2a 
and 26). 

5. Highlights of the preliminary findings were presented 

at th e NCP symposium in Ottawa in March 2003 . 

All activities on thi s project have been, and co ntinue to 

be, cond ucted in the C INE faci lities. T he extensive data 

set management and analysis was not possible to complete 
during the time period of the one-yea r program. 

Results 
Table 3 shows simi larities of market food items consumed 

across the Arctic as food ty pe and percent of reca ll s 
mentioning the item. 

Table 4 gives rhe contribution of market and traditional 

food groups to total energy intake. In all three surveys, land 
animals were the highest co ntribu tors among traditional 

foods , whereas grains and sweet/fat were rhe highest 
contributors of marker food. 

Discussion and Conclusions 
The project has been very useful and productive, although 

we are still constrained with late release of important 

Table 3. Top 20 market foods mentioned consumed by adults in the three surveys 
Dene/Melis (N = 1007 recalls) Yukon (N = 797 recalls) Inuit (N = 1604 recalls) 

Food item %a Food item %' Food item %a 

Sugar 82 Coffee 77 Sugar 74 

Coffee 76 Sugar 72 Coffee 63 

Bread, wh ite , enriched 64 Tea 47 Tea 53 

Tea 59 Bread, white , enriched 43 Bread, white, enriched 50 

Potatoes' 47 Butter 43 Crystal drinks 34 

Butter 45 Potatoes' 42 Soft drinks 33 

Lard 45 Eggs, hard boiled or scrambled 37 Cream, light or powdered 30 

Eggs, hard boiled or scrambled 42 Rice, white 32 Margarine 27 

Cream, light or powdered 42 Lard 25 Potatoes' 26 

Crystal drinks 29 Milk, partly skimmed (2%) 23 Butter 22 

Bannock 27 Onions, boiled 23 Rice, white 21 

Margarine 24 Bread, whole wheat 23 Bannock 20 

Bacon, cooked, drained 23 Milk, evaporated, canned 21 Milk, evaporated, canned 19 

Mi lk, partly skimmed (2%) 21 Carrots 20 Eggs, hard boiled or scrambled 18 

Milk, evaporated , canned 21 Bacon, cooked, drained 19 Chicken 16 

Chicken 21 Cream , light or powdered 18 Spaghetti , enriched, cooked 16 

Rice, white 20 Beef, hamburger 17 Beef, hamburger 16 

Soft drinks 19 Margarine 17 Soup, chicken noodle 14 

Frankfurters, cooked 15 Spaghetti , enriched, cooked 17 Potato chips 13 

Beef, hamburger 14 Chicken 15 Crackers, sa ltine 13 

• Percent of recalls that mentioned the corresponding food item • Baked, boiled or mashed with milk and fat added 
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~ 1 Table 4. Percent of total energy intake from market and traditional food groups, by gender and age, adjusted for season, site and day of week' 
Market food groups Traditional food groups 

Fruits and Meat Sweet Sea 
Dairy vegetables Grains alternates Meat Mixed dishes and fat Berries Birds Fish Land animals mammals 

Dene/Melis 

Women 

20-40 y (n = 276) 5.8 ± 0.5 12.1 ± 0.9 19.8 ± 1.1 4.0 ± 0.4 16.3 ± 1.3 4.7 ± 0.9 25.6 ± 1.2 0 0.1 ± 0.1 1.4 ± 0.5 10.2 ± 1.0 0 

41-60 (n = 135) 4.3 ± 0.7 8.1 ± 1.0 25.9 ± 1.9 4.0 ± 0.7 12.1 ± 2.1 3.0 ± 0.8 18.2 ± 1.5 0.01 ± 0.09 0.1 ± 0.8 5.7 ± 1.5 18.7 ± 2.4 0 

61 + (n = 95) 3.9 ± 0.9 9.2 ± 1.2 32.7 ± 2.4 2.5 ± 0.7 10.8 ± 2.5 4.0 ± 0.8 13.7 ± 1.9 0.06 ± 0.04 0.2 ± 0.4 3.6 ± 1.6 19.1 ± 3.8 0.1 ± 0.4 

Men 

20-40 y (n = 248) 4.7 ± 0.5 8.2 ± 0.8 20.0 ± 1.1 5.0 ± 0.7 19.0 ± 1.4 4.0 ± 0.6 22.3 ± 1.0 0 0.01 ± 0.2 2.1 ± 0.6 14.5 ± 1.3 0 

41-60 y (n = 162) 4.4 ± 0.9 10.6 ± 1.2 21.6 ± 1.5 4.3 ± 0.6 17.1 ± 1.8 1.8 ± 0.7 17.9 ± 1.2 0 0.2 ± 0.2 5.4 ± 1.0 16.6 ± 1.9 0 

61 + y (n = 91) 2.5 ± 0.5 6.3 ± 0.9 21.5 ± 2.8 3.6 ± 0.7 18.0 ± 2.8 3.4 ± 1.0 16.5 ± 2.3 0.01 ± 0.04 0.3 ± 0.5 4.7 ± 1.7 23.2 ± 2.8 0 

Yukon 

Women 

20-40 y (n = 248) 6.8 ± 0.6 14.0 ± 1.0 17.8 ± 1.0 4.5 ± 0.6 21.1 ± 1.3 5.0 ± 0.8 20.6 ± 0.9 0.07 ± 0.04 0.03 ± 0.05 1.7 ± 0.4 8.4 ± 1.0 0 

41-60 y (n = 102) 6.1 ± 0.9 9.6 ± 1.2 23.1 ± 1.8 3.7 ± 0.8 18.9 ± 2.0 3.3 ± 0.9 18.8 ± 1.6 0.06 ± 0.06 0 1.7 ± 0.9 14.7 ± 2.1 0 

61+ y (n = 67) 5.4 ± 1.3 10.9 ± 1.4 20.0 ± 1.9 3.4 ± 0.7 15.2 ± 2.5 2.9 ± 1.3 16.2 ± 1.3 0.03 ± 0.1 0 2.0 ± 0.9 24.0 ± 2.4 0 

Men 

20-40 y (n = 22 1) 5.6 ± 0.5 13.9 ± 1.1 18.0 ± 1.0 4.2 ± 0.6 22.7 ± 1.4 5.4 ± 0.8 18.5 ± 0.8 0.01 ± 0.01 0.1 ± 0.1 0.7 ± 0.3 10.8 ± 1.4 0 

41-60 y (n = 103) 4.7 ± 0.8 10.8 ± 1.2 20.3 ± 1.7 6.3 ± 1.1 19.9 ± 2.1 3.1 ± 1.2 16.6 ± 1.1 0.07 ± 0.03 0 2.0 ± 1.2 16.2±22 0 

61 + y (n = 56) 5.9 ± 1.9 10.2 ± 1.9 21.4 ± 3.0 4.1 ± 1.3 10.0 ± 3.8 4.1 ± 1.3 16.0 ± 2.5 0 0.3 ± 0.6 2. 1 ± 1.7 26.0 ± 3.5 0 

Inuit 

Women 

20-40 y (n = 482) 4.3 ± 0.3 8.9 ± 0.6 17.1 ± 0.7 2.2 ± 0.3 16.5 ± 0.9 6.9 ± 0.6 28.2 ± 0.8 0.05 ± 0.02 0.4 ± 0.2 1.8 ± 0.4 10.5 ± 0.9 3.0 ± 0.5 

41-60 y (n = 283) 3.8 ± 0.5 6.6 ± 0.6 21.7 ± 1.0 2.8 ± 0.4 13.5 ± 1.2 4.5 ± 0.6 18.7 ± 0.9 0.05 ± 0.03 1.2 ± 0.4 4.8 ± 0.8 16.4 ± 1.4 6.1 ± 1.0 

61 + y (n = 98) 3.7 ± 0.8 8.0 ± 1.2 21.6 ± 3.0 1.8 ± 0.6 6.9 ± 1.5 2.3 ± 1.0 16.5 ± 1.7 0.1 ± 0.07 0.7 ± 0.8 11.8 ± 1.9 21.0 ± 3.1 5.5 ± 2.2 

Men 

20-40 y (n = 424) 3.6 ± 0.4 7.6 ± 0.6 18. 1 ± 0.7 3.2 ± 0.3 16.7 ± 1.0 6.6 ± 0.6 27.0 ± 0.8 0.01 ± 0.003 0.5 ± 0.2 2.0 ± 0.4 11.9± 1.1 2.9 ± 0.6 
I 

< 41-60 y (n = 240) 3.7 ± 0.5 5.0 ± 0.7 19.5 ± 1.2 3.2 ± 0.5 10.6 ± 1.4 5.7 ± 0.8 18.5 ± 1.2 0.06 ± 0.03 0.7 ± 0.4 6.3 ± 1.1 18.8 ± 1.8 7.6±1.3 

~ 6l+y(n=77) 3.9 ± 0.9 4. 1 ± 1.2 22 .1 ± 3.2 1.5 ± 0.7 17.2 ± 2.6 3.2 ± 0.8 14.0 ± 1.5 0.09 ± 0.07 1.4 ± 1.3 11.6 ± 2.4 15.0 ± 3.4 5.9 ± 2.4 
i," =· 1 Values are lsmeans ± SE 



Dietary Reference Intakes, such as those for protein and 
fat. T he extensive final data sets are being analyzed and 
brought to completion. Tables presented here are impor
tant components. We anticipate peer-review publications 
to be submitted during the fall and winter 2004. 
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Abstract 
Following on rhe extensive dietary and socio-cultural 
information resulting from the C INE studies in Dene/ 
Meris and Yukon First Nation communities, this study 
addressed the context of food choice decisions in the 
community setting. Three Dene/Metis communities (Fort 
McPherson, Tulita, Fort Resolution) and two Yukon First 
Nations (Old Crow and Carcross) were selected by the 
Dene Nation and the Council of Yukon First Nations to 

represent the Western Arctic. Focus groups of women and 
interviews of children I 0-12 years old, and their mothers 
were conducted over a 2 year rime period. 409 24-hour 
recalls of children and 49 women's interviews were con
ducted. Results indicate that these children are eating 
smaller quantities of traditional food than women 
reported earlier. However, days with traditional food were 
superior in nutrient content (protein, iron , zinc) than 

were days without traditional food. Vitamin A and cal
cium were nutrients of low intakes. Days without tradi
tional food were higher in carbohydrates, including 
sucrose, and far. Women gave several factors that influ
enced food choices for their families. Most significant 
were those of cost and availability of traditional food. 
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Several strategies were suggested by women to improve 
availability and use of better food for themselves and their 
children. 

Key Project Messages 
I. Children's traditional food use in Dene/Metis and 

Yukon First Nation communities is less than that 
reported by adult women in earlier studies. 

2. Children's nutrient intake patterns show that days 
when traditional food is consumed are superior in 
nutritional quality than days without traditional food. 
Nutrients of low intake are vitamin A and calcium. 
Others may be reported with additional analysis. 

3. Women who were mothers of the children interviewed 
reported several factors that influenced family food 
availability and food choices. Most important were 
costs associated with market food and availabi lity of 
traditional food. 

4. Several strategies were suggested to improve children's 
knowledge on good food choices and better availability 
of food in communities. 

H.V Kuhnlein 



5. Concerns for conraminanrs and orher factors of food 
safety in traditional food were listed by more than 
40% of women interviewed; however, more than 70% 
sa id they wanted community activit ies leading to 

greater use of traditional food. 

6. Education strategies for children's food should emphasize 
su itability for increasing traditional food use because of 
its nutritional and cultural values. Both adults and 
ch ildren should receive education activities that their 
traditional food contains low levels of contaminants, and 
chat concern for contaminants should nor inhibit their 
selection of traditional food. 

Objective 
I . The overall objective was to understand the larger 

picture of factors influencing food choice decisions by 
Arctic women and children so that risks and benefits 
messages ca n be placed in relevant and appropriate 
co ntext for effecti ve education purposes. 

2. To understand th e factors involved in making choices 
among traditional and market food. 

3. To better understand children's traditional and market 
food use in Dene/Meris and Yukon First Nation 
communities, and children's food preference factors. 

4. The long-term goal is to develop relevant food educa
tion strategies for women and children that will guide 

family food choices. 

Improved knowledge of how nutrient and sociocultural 
benefits and contaminant risk information affects the food 
decision process will lead to more effective communica

tion efforts. Th is project provides essentia l information 
fo r the success of th ese initiatives. 

Introduction 
At the hea rt of the risk/benefit discourse about contami
nants and traditional foods is the process of personal 

decis io n- makin g. People living in the North must 
ultimately decide what foods , market or traditional, to 
co nsume based on information they receive from various 

sources. Conraminant in formation is one of many factors 

influenci ng food cho ice decisions in the Arctic. 

Research literature in the area of personal food choice is 
complex and scattered across various disciplines (Rappaport 
et al., 1992). Contributions from the areas of anthropology, 
sociology, marketing research, and psychology, as well as 
nutrition have contributed to existing knowledge in this area. 
Factors influencing personal food choice are numerous and 
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can be categorized as ecological (e.g., geography, climate), 
biological (e.g., nutrient requirements, rasre, health status), 
cultural (e.g., identity, val ues, beliefs, customs, symbolisms), 
societal (e.g., economy, politics, technology) and individual 
(e.g., income, education, attitudes, preferences, nutrition 

knowledge) (Parraga, 1990; Bisogni et al., 2002) . The factors 
within these categories can vary within and among 
individuals. 

Various models have been proposed in an effort to simplify 
and explain the complex process of human food selection 
(Furst et al., 1996; Parraga, 1990; Khan, I 981; Winter Falk 
er al ., 1996). In addition, many theoretical approaches and 
methods have been used to investigate factors that influence 
food choice. Researchers have focused on psychological 
perspectives, measuring attitudes, beliefs and motives 
(Owen er al., 1997; Bell, 1981; Steptoe et al., 1995). Other 
studies have used sociological perspectives (M urcott, 1982) 
or combined sociological and anthropological perspectives 
(Murcott, 1988). Finally, nutrition researchers have utilized 
multi-disciplinary approaches ro investigate food choice 
(Winter Falk et al., 1996; Chapman and Maclean, 1993; 
Stewart and Tinsley, I 995). 

Both qualitative and quantitative methods have been 
employed to measure and idenrify food choice factors. 
Qualitative methodology, including focus groups and 
semi-structured interviews, has been used extensively 

(Wimer Falk et al., 1996; Chapman and Maclean, 1993; 
Furst et al., 1996). As well, various quantitative methods 
such as quesrionnaires, repertory grid techniques and 
cognitive mapping have been utilized (Rappaport et al ., 
1992; Owen et al., 1997; Bell et al., I 981; Steptoe et 
al., 1995). In addition, investigators have used a combina
tion of qualitative methods to develop a quantitative 
instrument that measures food choice influences (Stewart 
and Tinsley, 1995). There has been an appeal for further 
qualitative methodology in rhe investigation of food 
choice (Milburn, 1995) . Researchers acknowledge char 
qualitative methods are particularly useful in illuminating 
rhe social and cultural context of factors involved in food 
choice decisions. Moreover, new research cools, such as 

pile sorts and stacking box methods, are being recognized 
as useful methodology to measure food attributes and gain 
a greater understanding of the meanings attached to foods 
(Girtelsoh n er al., 1996; Jonsson er al., 1998). 

Investigations of food choice among specific cultural groups 
are limited, as research has focused on adults and children 
from "westernized" societies. However, culture has been 

identified as a prime factor affecting food choice (Parraga, 
1990). Among Canadian Aboriginal populations, research 
has focused on the measurement of food preferences as well 
as food health beliefs (Wein and Freeman, I 992; Wein et al., 
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1993; Wein, 1996; Simoneau, 1997). Anderson (1999) and 
O'Neill er al. (1997) reported on Arctic food risks and 
communications, and a concurrent study on social and 
cultural factors associated with tradirional/country food 
related activities was conducted with Inuit of Kuujjuaq 
(Furgal, 200 I). 

There is a need to develop research tools to identify the 
important food decision factors among people living in 
the North. In particular, an examination of factors affect
ing women and children's food choices is necessary. 
Women of childbearing age and children are more 
susceptible to nutritionally compromised status, and 
possibly to the risks of contaminants. As well, studies have 
reported chat young women and children living in the 
Western Artie consume smaller amounts of traditional 
foods than men and elders living in their communities 
(Morrison, 1995). These findings are disturbing because 
of current knowledge about the nutritional and socio
cultural benefits of traditional foods. 

A substantial amount of knowledge now exists identifying 
food species and parts consumed by Aboriginal Peoples in 
the Western Arctic ( Kuhnlein er al., 1994; Kuhnlein et al., 
1995a; Kuhnlein et al., 19956; Morrison er al., 1995; 
Receveur er al., 1996; Receveur er al., 1998; Berri er al., 
1998; Receveur er al., 1998; Van Oostdam er al., 1999) . 
However, little is known about the various reasons why 
individuals select particular foods. Inadequate knowledge of 
the factors inAuencing food choice restricts the success of 
nutrition and diet education (Krondl and Lau, 1978) . 
A greater understanding of the decision making process, 
including how contaminant information affects this process, 
will improve existing educational efforts in local communi
ties. Moreover, future educational strategies could incorporate 
results from this project to develop and target more effective 
nutrition information for Aboriginal People in the North. 
This would enable them to make better, more informed 
choices about their food, thereby leading to improved health, 
and reduced risk of contaminant exposure. 

This project is built upon the basic knowledge of tradi
tional food use in the Western Arctic obtained during the 
interview studies of 18 Dene/Metis and 10 Yukon First 
Nation communities conducted from 1994-1998, in 
which consumption of traditional and marker food was 
determined for adult women and men. 

During the first year of the project (2000-2001) data were 
reviewed from recent discussion groups held in White
horse and Yellowknife. This was rhe first round of gather
ing women's ideas on rhe major and minor facrors 
contributing to food choices of women and chi ldren. 
CYFN and Dene Nation selected 5 communities to 
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represent Yukon First Nacio n and Dene wome n and 
children: Fort McP herson, Tu li ra, Fort Reso lutio n, 
Carcross and Old Crow. Research agreements were made 
with each commun ity. Human ethics research ap proval 
was given from McGill University and science licenses 
obtained. Following th is, the first year (2000-200 1) of 
fieldwork in each community resulted in completion of 
focus groups, preliminary interviews with women, and 
children's 24-hour dietary recalls during the lace winter 
season. Focus group transcripts were analyzed to further 
refine the list of facrors contrib uting to food use, and the 
final interview protocol was prepared. 

Activities 

In 2001-2002 
During summer of 2001, the five communities were given 
progress reports from the first year of the project, and 
interviews were conducted with 49 women who were 
mothers of 10-12-year-old children in the 5 communities, 
and 24-hour recalls were conducted with I 18 chi ldren in 
the 10-12-year age range. Numbers of interview 
participants are shown in Table I. 

Interview data were coded and analyzed using standard 
procedures. A series of 13 questions on determinants of 
food choice was prepared, and is shown in Table 2. The 
interview protocol included rhe multiple possible answers 
derived from the focus group transcripts; relevant 
responses were selected by the interviewee, and these were 
then ranked in order of importance. 

Results 

Trad itional food consumed 
The extent of traditional food consumed (g tradit ional 
food per child per day) by 10-12-year-old chi ldren is 
shown in Table 3. The overall average of fema le and male 
traditional food use was from 40-50 g per day. There was 
no significant difference berween the rwo seasons (not 
shown). When the amount of traditional food was con-

Table 1. Interview participants 
Season 1 Season 2 

Nov- Jan 2000- 01 Aug- Oct 2002 

Focus groups 5 N/A 

Women's interviews 13 49 

Children interviewed 105 118 

# with 2 reca lls 89 98 
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sidered for only those children who actually used tradi

tional food during the recall day, the amo unt of food was 

80-90 g, approximately 3 ounces. The data reflect that 

on any one day during th e two seasons, about one-half of 

the ch ildren in this age group would consume traditional 
food of various kinds. 

The second section of Table 3 demonstrates the amount 

of traditional food reported consumed by Dene/Meris 

and Yukon women in two age categories. It can be seen 

that average intake was from 111 co 340 g per day. Adult 
women are therefore consuming at least twice as much 

traditional food as do children 10- 12 years old. 

Nutrient intakes by 10-12 year old children 
Table 4 shows preliminary analysis of nutrient intake of 

10- 12-year-o ld female and male children. Dara are 

presented for the two seasons separately and combined, 

and for both genders and combined. There were few 

differences in nutrient intake between the genders. The 

late summer seaso n, whe n more traditional and market 

food was consumed (Table 3) results in intake of more 

energy (kcal) , protein, carbohydrate, calcium and sucrose 

co nsumption , particularly for girls. As reported earlier for 

Table 2. Questions in women's interviews: Factors 
influencing food choices 

When you are decid ing what to buy at the store, you mainly think 
about: 

The main factors that affect what you eat in your house from day 
to day are: 

At meal time(s) your main concern(s) is (are): 

The main influence(s) on the foods that you and you r fami ly have 
at meals is (are): 

The main reasons that influence how often you serve traditional 
food (meat, fish, birds) at home are: 
I would serve more traditional food if: 

Your family does not eat more traditional food in your household 
because: 

What makes a difference in the amount of traditional food I have 
at home is: 

I think what really affects what women eat is: 
What children want to eat is mainly influenced by: 
Children eat less wild meat than we did growing up because: 
In order for families to eat better we need: 
I would like to see the following things initiated in our 
community to improve our food: 

Table 3. Traditional (TF) and market food (MF) consumed* by 10-12-year-old children and women (24 h recalls) 
Mean TF g/24hr 

Season 1 Season 2 

x ± SE x ± SE 
(range) (range) 

Females 74 ± 13 66 ± 14 
(0-380) (0-333) 

Males 48 ± 18 75 ± 17 
(0-295) (0-410) 

Tota l 38 ± 11 63 ± 15 
(0-380) (0-410) 

TF Consumers Only 100 ± 16 89 ± 23 
(23-380) (15-410) 

n - 50 n = 67 

* Preliminary analysis, adjusted for site and day of week, for children 

Traditional food consumed by western arctic women averaged over two seasons** 

20-40 

41-60 

Dene/ Metis 

x ±SE 

144 ± 13 
(n = 280) 

340 ± 33 
(n - 136) 

**Combined days with and days without traditional food, adjusted for season, site and day of week 

Data from Receveur et al., 1996; Receveur et al., 1998 
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Season 1 

x ± SE 
(range) 

1503 ± 122 
(807-4162) 

1708 ± 205 
(935-4327) 

1549 ± 106 
(807-4327) 

1523 ± 151 
(935-4162) 

n = 50 

Mean MF g/24hr 

Season 2 

x ± SE 
(range) 

1770 ± 136 
(315-4059) 

1624 ± 118 
(880-3220) 

1746 ± 122 
(315-4059) 

1770 ± 173 
(315-4059) 

Yukon 

x ± SE 

111 ± 12 
(n = 253) 

153 ± 22 
(n = 102) 

n = 67 
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the case ofDene/Metis, and Yukon women, mean protein, 

iron and zinc levels were close ro the recommended 

intakes, whereas mean intakes of vitamin A and calcium 

were far below recomme nded intake levels. Furth er 

analysis will discern the numbers of children who are not 

meeting the new dietary reference intakes. 

Table 5 shows nutrient and sucrose intakes for the chil

dren on days with trad itional food reported being con

sumed in contrast to days without traditional food. There 

were no significant differences (NS) for intakes of energy, 

vitamin A, calcium or sucrose. Days with traditional food 

Table 4. Nutrient intake of 10-12-year-old ch ildren' 

had sign ificantly more protein , iron and zinc; days with

out traditional food had signifi ca ntly more carbohydrate 

and far, and a trend to more sucrose. 

Interviews with mothers of 10-12-year-old children 
Women participating in rh e interviews were from 

27-64 yea rs of age, and had bee n community residents 

for a mea n durat ion of 34 .9 yea rs. The number of 

household members ranged fro m 2 to 7 members, with 

a mean house hold density of 4.9 perso ns. Sixty percent 

of the women interviewed reported that they were the 

Season Jb Season 2' Combined Seasons' Both' 

Female Male Female Male Female 
x ± SE x ± SE x ± SE x ± SE x ± SE 
(n = 62) (n = 43) (n = 65) (n = 52 ) (n = 127) 

Kcal 1771±127 1969 ± 178 2269 ± 130 2028 ± 132 2008 ± 81 

Protein (g) 72 ± 5 71 ± 8 81 ± 6 80 ± 8 

CHO (g) 240 ± 22 258 ± 26 316 ± 19 281 ± 18 

Fat (g) 61 ± 5 76 ± 9 80 ± 6 67 ± 7 

Vil A (RAE) 419 ± 52 468 ± 76 450 ± 68 501 ± 61 

Fe (mg) 15 ± 1 14 ± 2 16 ± I 17 ± 2 

Zn (mg) 10 ± 0.7 11 ± 1 13 ± 0.8 12 ± I 

Ca (mg) 587 ± 102 744±150 896 ± 77 757 ± 89 

Sucrose (g) 68 ± 12 82 ± 14 101 ± 9 81 ± 8 
1 Preliminary analysis: adjusted for site and day of week 

b Mean of 2 days per individual per season considered when applicable (i.e. when a repeat recall was provided) 

Repeating recalls across seasons were not averaged 

Table 5. Nutrients on days with and days without traditional food * 

77 ± 3 

277 ± 13 

69 ± 3 

446 ± 37 

16 ± 0.7 

II± 0.5 

739 ± 57 

83 ± 6 

Mean ± SE 

Male 
x ± SE 
(n = 95) 

2052 ± 127 

75 ± 7 

278 ± 18 

74 ± 7 

564 ± 59 

16 ± 1 

12 ± 1 

777 ± 95 

81 ± 10 

Both seasons / All ch ildren/ 409 recalls 

Nutrients Days with Days without 
(n = 148) (n = 261) Sig.** 

Kcal 1856 ± 67 1926 ± 52 NS 

Protein (g) 83±3 63 ± 2 ** 
CHO (g) 249 ± 10 270 ± 8 ** 
Fat (g) 62 ± 3 70 ± 3 

Vil A (RAE) 470 ± 31 461 ± 24 NS 

Fe (mg) 16 ± 0.6 14 ± 0.5 ** 
Zn (mg) 12 ± 0.5 10 ± 0.4 

Ca (mg) 669 ± 47 736 ± 36 NS 

Sucrose (g) 77 ± 5 85 ± 4 NS 

*Adjusted for season, site and day of week 

"'*p ~ 0.05 
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All 
x ± SE 

(n = 222) 

1976 ± 66 

74 ± 3 

273 ± 10 

69 ± 3 

471 ± 29 

15 ± 0.6 

II± 0.5 

750 ± 46 

81 ± 5 
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primary shopper for household food supp lies (market 
fo od) . Twenty- fi ve percent of interviewees reported 
weekl y use o f tradi t io nal food, a similar percentage 
repo rted seldo m having trad itional food at home, and 

rh e remaining 50% va ri ed between the two . Approxi
mately 70% of res pondents reported satisfaction with 
trad iti onal food avail ab ility and variety. Approximately 
60% of responden ts reported satisfaction with market 
food va riety and qu ality. 

When asked about decision-making of market food, "cost" 

was rh e mos t im po rtant factor influencing choices, 
followed by considerations about "what would go with 
th e tradit io nal food ava il able at home," whether they 
thought "the food was healthy", and "whether or not the 
children wo uld like it ." Women would serve more 
traditi onal food at ho me "if they had more of it," "if it 

was easier ro gee," and "if they were less concerned about 

contaminan ts." Forty-two percent of women listed 

"concern for contaminants" as a reason why they did not 
serve traditional food more often, and 16/49 women gave 
this reason as the fi rst, second or third most important 
consideration. 

"Conce rns fo r food safety" were also reiterated when 
women were asked why the family does not eat more 
traditi onal fo od (59%), with 28% of respondents listing 
this as the first , second or th ird most important factor. 
"Food safety" was also a facror when women were asked 
what made a difference in the amount of traditional food 
served at home, and 36% of interviewees gave this as an 
important reason. When asked what affects women's diets, 

rh e most important factor was "knowledge of what is 
nutrit io us" (73%), general "concerns for their health" 

(83%), and "what they grew up with" (67%). 

When asked what were the most important influences in 
what children eat, women repl ied that children eat "what 

their bodies need" (69%, with 51 % giving this as the first, 
second, or third most important reason) and "what parents/ 
grandparents prepare fo r them" (69%, with 46% stating this 
was first, second or third most important). The "appearance 
of the food" (67%), "what they see on TV'' (63%) were also 
important. W hen asked "why children are eating less wild 
meat today th at they th emselves did", 55% of women 
reported that it was "because ch ildren are spending more 
time in rown" (5 1 % reported this as the first, second or third 

most important reason). Two other important factors were 

that "chi ldren had less opportuni ty ro participate in hunting 
and learning ro prepare traditional food" (73%, with 42% 
giving this as first, second or third most important) and 
"women working outs ide of the home with less time ro 
prepare traditional food" (71 % with 40% giving it as a most 

important reason). 
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During the focus group discussions about how to improve 
children's food use by community access ro better traditional 
and market food, several factors surfaced , and were 
incorporated inro the later interviews. All women had 
opinions on how ro do this, with only 5 women (I 0%) 
reporting that things were "good as they are" at the rime of 
the interview. For families ro eat better, 87% of women 
wanted "more information for parents and children about 
healthy food choices", and 87% desired "more teaching in 
schools about healthy food choices." Eighty five percent said 
they wanted "more access ro traditional food," with 77% 
giving this as the first, second or third most important factor. 
Women reported they would like to see in itiation of 
"community gardens" (83%), "workshops on healthy eating" 
(79%), "programs to teach how to preserve and prepare 
traditional food" (77%), "community organized hunting" 
(75%), "availability of equipment for preserving and prepar
ing traditional food (canners, sausage makers, etc.)" (73%), 
"more subsidies for hunting" (67%), "a school lunch 
program" (69%), "a school breakfast program" (63%), and 
"a ban on junk food in schools" (63%). 

Discussion and Conclusions 
This project provided valuable new dara on rhe food and 
nutrient intake of 10-12-year-old children in the Western 
Arctic. While children are reporting eating less quantities 
of trad.irional food than women reported in earlier studies, 
rhis quantity of nutrient dense food is important to fulfill 
nutrient needs. Protein, iron and zinc were especially 
provided by the traditional food consumed. Days without 
traditional food were higher in carbohydrate, including 
sucrose, and fat. It is thus clear that traditional food 
provisioning for children is important for their health. 

Children are receiving adequate food; that is, they receive 
sufficient dietary energy. However, given that children of 
this age require similar levels of energy in their food as do 
adult women, it is of note and concern that their tradi
tional food intake is approximately ha lf of that of adult 
women. Market food selected is known to be high in fat, 
carbohydrate and sucrose, and low in key nutrients such 
as vitamin A and calcium. This is reflected in the low 
intakes of these two nutrients by chi ldren interviewed. 

Parents and their children need to be guided through 
education activities to select more trad itional food, and 
less energy as market food. Market food selected can be 
chosen to be of higher nutrient de nsity, part icu larly 
micronutrients, with less energy- such as who le grains, 
fat reduced dairy products, lean meats, and mi ni mally 
processed fruit and vegetables. 
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The women interviewed in this study were mothers of the 
children completing rhe food use interviews. They noted 
that concern for contaminants and food safety in general 
was an important facror in choosing what ro prepare for 
their families; however, they also noted that they wanted 
more traditional food than they now have for themselves 
and their children. Education and health promotion 
activities should be provided which stress the low levels 
of contaminants found in traditional food consumed in 
the Western Arctic, and their general high nutritional 
quality and safety. 

Several strategies were suggested for improving community 
availability and use of both traditional and marker food. 
In particular, women suggested more education in the form 
of workshops and school activities regarding healthy food 
choices. Initiation of community gardens, community 
organized hunting and availability of equipment for food 
preservation, and hunting subsidies were suggested. It is 
evident that the ideas and will for implementing commu
nity change to improve children's diets exist among 
residents in Western Arctic communities. Resources and 
facilirarors for these activities would bring positive dietary 
change for all family members. 

Social and cultural values related to traditional food use 
have been important findings of many Arctic studies. lt 
is clear from this project that parents wane to protect rhe 
use of traditional food for their children, and rhat this 
food is important for nutritional health and community 
well-being. 
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Abstract During year 2002-2003, the act iviti es planned were 
essentially related to the analyses of the data collected 
during previous years and the pub li cation as well as the 
communication of resu lts. The statistical analyses phase 
turned out to be much longer than anticipated due to the 
complexiry of the data involved. Study resu lts will be 
avai lable for commun icat ion to the population and 
publi cation at end of year 2003-2004. 

As projected originally, during the year 2001-2002, two data 
collection trips were performed. Each of these trips lasted 
about 3-4 weeks, and they allowed resting 51 children , 
thus the final sample size is 110. Recruitment of study 
participants, coding of maternal interviews and child resting 
protocols, laboratory analysis of blood and hair samples, and 
data entry are the activities carried out during year 
2001-2002. 
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Key Project Messages 

2001 - 2002 
I . As projected originally, du ring the year 2001-2002, 

rwo data collecrion trips were performed and allowed 
co res t 51 ch ildren, for a sample size of 11 O. 

2. Data are available co describe the participation race, 
socio-demographi c characteristics of the sample, 
country food consumprion, prenatal and contempo
raneous exposure to PC Bs and Hg. 

2002-2003 
3. Analysis of results are ongoing. 

4. Results will be available fo r communication co the 

population and publication at end of year 2003-2004. 

Objectives 
T he general objective of this research is co examine the 
neurophys iological and neu rological long term conse
q uences of prenatal exposure co PCBs and MeHg. 

Introduction 
The effects of prenatal exposure co polychlorinaced biphenyls 
(PC Bs) and methylmercury (MeHg) resulting from fish 
consumption were studied in fish eating populations from 
various countries. Prenatal exposures co PCBs and MeHg 
have been linked co deficits in neurobehavioral development 
during in fancy. However, only rwo studies provided data for 

school age children, and neuromoror as well as neurophysiol
ogical effects were poo rly documented. Although neuro
physiological tes ting was performed in one of these studies 
with school aged children exposed co MeHg, the study 
remained incomplete. Furthermore, no study has been aimed 
at invest igating cogn it ive deficits under MeHg exposure 

using event-related potentials. T he purpose of this research 
is to examine the lo ng- term consequences of prenatal 
exposure co PC Bs and MeHg. This project is designed co 
extend previous findings by studying domains of effects chat 
have bee n overloo ked in most of the previous studies 
(neurophysiological and neurological endpoints) that could 
be related co learning difficulti es and d isabi li ties. The large 
number of highly exposed Aboriginal children in Northern 

Q uebec provides a un ique opportun ity to: I) study the 
impact of PCBs and MeHg on child development; 2) provide 

the information required for the development of blood 
guidelines, no effect thresholds, acceptable daily intakes, and 
health advisories fo r Canadian ch ildren and women of 
reproduct ive age; and 3) broaden our knowledge on the 
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nature of specific deficits associated with the exposure co 

these environmental contaminants. T he sample will comprise 
100 Nunavik Inuit children aged between five and six years. 
According co in utero PCBs and MeHg exposure levels (low 
and high), rwo subsets of 50 chi ldren will be fo rmed. 
Prenatal exposure co PCBs and MeHg was documented from 
cord blood analysis at birch. Groups will be comparable 
regarding the socio-economic status. A neurological exam 
will be performed; the fine and gross neuromoror function 
as well as the visual system and the cognitive and attentional 
functions will be assessed. Demographic, socio-familial and 
biological potential confounds will be assessed via maternal 
interviews and blood sample analysis. 

Activities 

In 2001-2003 
Two data collection trips were planned for year 2001-
2002. These two trips were performed and al lowed testing 
of 51 children. 

The activities planned were essentially related co the 
analyses of the data collected during previous years and 
the publication as well as the communication of results. 
Four sec of analysis were scheduled: the association berween 
prenatal exposure ro environmental contaminants and 

I) neuromoror function, 2) cognitive evoked potentials 
and 3) visual evoked potentials, as well as the 4) descrip
tion of the cohort study and the exposures - prenatal 
and postnatal - to environmental contaminants. 

Results and Discussion 
There are no results to present at this stage in relation to the 
study objectives. Nevertheless, data are available to describe 
the participation race, socio-demographic characteristics of 
the sample, country food consumption, and prenatal and 
contemporaneous exposure to PCBs and Hg. 

Research procedures, participation rate and 
sample characteristics 
Inuit women from Northern Quebec (Nunavik) were 
invited to participate in this study. The study is the con
tinuation of the Cord Blood Monicoring Program in 
which they had participated at the birch of their ch ild . 
The Nunavik region is located north of the 55th parallel; 
7660 Inuit are scattered along a 2000-km seashore li ne 
along Hudson Bay, Hudson Strait, and Ungava Bay, about 
1500 km from Montreal and 2000 km fro m the G reat 
Lakes in the United States. T he Nunavik Inu it live in 
14 villages, ranging from 125 to 1300 inhabitants per 
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village. The study participants were living in villages from 
Hudson Coast (48.2%) and Ungava Coast (5 1.8%). 

From the 484 participants of rhe Cord Blood Monitoring 
Program, 298 were eligible for this study (Table I). The 
main reason of exclusion was rhar the ch ild was adopted 
at birth: given rhar rhe consent to participate in the Cord 
Blood Monitoring Program was obtained for the 
biological mothers, we were not authorized to invite the 
adoptive mothers to participate in this fo llow-up study. 
A significant number of children had to be discarded 
because they were not in the age range for testing at the 
time of the data collection. Since rhe data collection was 
done during five trips to Nunavik, some el igible partici
pants couldn't be reached by us. From the elig ible 
participants, 110 children were evaluated (51 during year 
2001-2002) and 108 mothers and 2 fathers were 
interviewed to get information about their child and their 
family. About 25.7% refused to participate and the main 
reason for refusal to participate was the obligation to 
travel co another community in order to meet our research 

assistants. 

Table 1. Participation and attrition rates 
Potential participants (N = 484) 1 

Exclusions: 

Adoption (l l 7 /484) 

Death of the mother (2/484) 

Death of the child (7/484) 

Moved outside the visited villages (7/484) 

Missing information (exposure or identification) (48/484) 

Health problems (3/484) 

Non Inuit mother (2/484) 

Out of the age limit when we were travelling (70/484) 

Eligible children (N = 228) 

Unable to contact (68/228) 

Out of town when we were travelling (7/228) 

Contacted children (N = 153) 

Travel problems (3/153) 

Impossible to test (2/153) 

Refusal rate (38/148) 

Refuse to being interviewed (1/148) 

Never come to the appointments (10/148) 

Not available to come in the same vi llage (10/148) 

Not available to travel (i 7 /148) 

Part icipation rate (110/148) 

1 Children who have participated in the cord blood monitoring 
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The data collection was conducted by 3 research assistants 

and one Inuit interpreter between January 2000 and 
October 2001 (2 trips during year 2001-2002). Five one
month trips to Nunavik allowed eva luations of the 
children and conduction of th e maternal interviews. Two 
resea rch assistants started th e evaluation of the child in 
the presence of th e mother. The mother was interviewed 

by rhe third research assistant during the las t part of the 
child's evaluation. C hildren's mothers were located with 
the help of rhe information ava ilable in the Cord Blood 

Surveillance Program database, and key informants like 
nurses and co mmuni ty workers. Eva luations were done 

by rwo graduated students with the help of the Inuit 
research ass istant. C hild 's blood and hair sa mples were 
taken in order to rest for contemporaneo us PCBs and 
MeHg ex posure . Socio-demographic and personal 
cha racter ist ics were documented from interv iews 

conducted by a highly experienced research ass istant, and 
are summarized in Table 2. 

117 

48 

3 

70 

68 

2 

38 

I 

10 

10 

17 

110 

24.2 

0.4 

1.4 

1.4 

9.9 

0.6 

0.4 

14.5 

29.8 

31 

2.0 

1.3 

25.7 

0.4 

6.8 

6.8 

11.5 

74.3 
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Table 2. Characteristics of participants 

Total N 

Marital status(% single) 110 

Mother age 110 

Child age 110 

Parity 109 

Crowding 108 

Education 110 

Soc ioeconomic status1 107 

Proportion of working mothers 110 

Menial service workers 73 

Unskilled laborers 73 

Semiskilled workers 73 

Skilled craftsmen, clerical & sales 73 

Technical, small business 73 

Minor professionals 73 

Administrators, lesser professionals 73 

Language of interview 110 

Engli sh 

French 

lnuktituk 

Breastfeeding(%) 108 

Duration (in months) 86 

Mean so Range 

30.2 5.4 21.4-45.1 

5.4 0.4 4.8-6.2 

4.3 2.0 1.0-10.0 

1.0 0.3 0.5-2.0 

9.0 2 2 5.0-16.0 

28.4 1.2 8.0-57.0 

16.7 1.8 0.1-60.0 

N 

23 

74 

8 

3 

13 

24 

15 

8 

2 

93 

11 

86 

% 

20.9 

67.3 

11.0 

4.1 

17.8 

32.9 

20.5 

11.0 

2.7 

84.5 

5.5 

10.0 

79.6 

1 Hollingshead Index for the mother and her partner or, if she was not self-supporting, for her primary source of support (usually her parents) 

Exposure to PCBs and MeHg 
Since a primary route of exposure ro environmental 
con tami nants in the Inuit population is the consumption 
of traditi onal food, especially fish and sea mammals, for 
descriptive purposes, we documented the frequency of 
traditional food consumption during the child's last year 
of life (Table 3). The participants were questioned about 
their consumption of the following fish species: Arctic 
char, lake trout, salmon, and white fish. Their consump
tio n of beluga, seal, narwhal, whale, walrus, and marine 
birds' eggs was also evaluated. Fish, beluga, seal and eggs 
were the most frequently consumed species whereas the 
consumption of whale, narwhal and walrus was much less 
common in the selected communities. 

A blood sample was obtained from each participating 
child . O ne 5 mm d iameter hair sample was also collected 
from the child. PCB congener and chlorinated pesticide 
concentrations were measured at birth in cord plasma and 
in the child 's plasma co llected at the testing session. 
Hg concentrations were determined in cord and child 
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whole blood as well as in the hair sample collected at 
testing time. Organochlorine, heavy metals and selenium 
analyses were performed at the laboratory of the Centre 
de Toxicologie du Quebec, which is accredited by the 
Canadian Association for Environmental Analytical 
Laboratories. Blood samples containing EDTA as the 
anticoagulant were centrifuged and the plasma was col
lected in glass vials pre-washed with hexane. Plasma 
samples were stored at -20°C until time of analysis. 
A I: I :3 mixture of ammonium sulfate/ethanol/hexane 
was first added to the plasma to extract PCB congeners. 
The extracts were then concentrated and purified on two 
Florisil columns. The 14 most prevalent PCB congeners 
(IUPAC nos. 28, 52, 99, 101, 105, 118, 128, 138, 153, 
156, 170, 180, 183, 187) and 11 chlorinated pesticides 
or their metabolites (aldrin, a-chlordane, -y-chlordane, 
p,p'.DDT,p,p'DDE, HCB, 13-HCH, mirex, cif..nonachlor, 
trans-nonachlor, oxychlordane) were measured in the 
purified extracts by high-resolution gas chromatography 
using two capillary columns (Hewlett-Packard Ultra I and 
Ultra II) and dual Ni-63 electron capture detecrors. 
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Table 3. Country food consumption during pregnancy 
# meals At least At least 

N per month so Range IQR 1 meal/week' 1 meal/month' 

Fish meals1 109 JO .I 10.9 0.0-52.1 2.0-16.4 54. 1 89.9 

Beluga meals 

Skin 109 0.7 01 0.0-7.5 0.1-0.6 2.7 17.4 

Fat 107 2.4 0.6 0.0-30.3 0.0-1.0 15.0 26.2 

Meat 109 0.2 0.1 0.0-4.3 0.0-0.2 0.0 5.4 

Liver 108 0.0 0.0 0.0-0.6 0.0-0.0 0.0 0.0 

Seal meals 

Fat 110 2.4 0.5 0.0-30.3 0.0-1.8 20.0 30.9 

Meat 107 0.1 0.0 0.0-47 0.0-0.8 1.8 215 

Liver 108 0.3 0.1 0.0-47 0.0-0.1 1.8 12.0 

Sea bird 's eggs 107 0.5 1.0 0.0-7.5 0.0-0.6 0.9 16.8 

Birds & waterfowls1 105 8.8 10.3 0.0-35.5 0.6-3.7 22.0 62.0 

Cari boo 105 8.8 10.3 0.0-52.0 2.0-10.8 61.0 88.6 
' Artie char, salmon, white fish and lake trout 2 Ptarmigan, geese and duck 3 Percent 

Table 4. PCB and mercury concentrations obtained at birth and at 5-year of age 
N Arithmetic mean so Range IQR 

Mercury 

Cord blood (nmol-L 1) 110 111.2 

5-year blood (nmol-L 1) 110 47.8 

5-year hair (µg-g 1) 110 2.7 

PCB Congener I 53 (µg-kg I) 

Cord blood 109 123.6 

5-year blood 109 160.5 

Quality control procedures were described previously 
(Rhainds et al. , I 999). Percent recovery var ied from 
89 to I 00% and the detection limit was approx imately 

0.02 µg-L I for all compounds. Coefficients of variation 
(N = 20, different days) ranged from 2.1 to 9.1 % and 
biases from -10.9 co 3.8%. Since OCs distribute mainly 
in body fat, concentrations in plasma samples are reported 
in µg/kg of lipids. Total cholesterol, free cholesterol and 
triglycerides were measured in plasma samples by standard 
enzymatic procedures, wh il e phospholipids were 
determined accord ing ro rhe enzymatic method of 
Takayama et al. (1977), using a commercial kit (Wako 
Pure Chemical Industries, Richmond, VA). The concen
tration of tota l plasma lipids was estimated according to 

the formula developed by Phillips et al. (1989). Total 
mercury concentrations were determined in samples of 
whole cord and child blood and chi ld hair by cold vapor 
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91.9 9.0-520.0 44.5-146.5 

44.5 1.0-191.0 15.8-69.3 

2.6 0.1-13.9 0.9-3.7 

95.2 21.6-653.6 63.6-151.6 

214.1 7.5-1467.2 35.1-196.2 

atomic absorption spectrometry. Samples were digested 
with nitric acid, reduction of mercury was accompli shed 
using anhydrous srannous chlo ride (SnC1

2
) and the 

reaction was catalyzed with cadmium ch loride (CdCl
2
). 

Metallic mercury was volat ilized and detected by atomic 
absorption spectrometry (Pharmacia Model 120). The 
detection limit for blood mercury anal ys is was 
1.0 nmol-L- 1

• Quality control procedures were described 
previously (Rhainds et al., 1999). Coefficients of variation 
(N = 50, different days) at levels of 40 and 90 nmol -L 1 

(in-house reference materials) were 5% and 5.5% respec
tively. The relative bias of the samples was 2.4% and 
- 0.4% respectively. T he detection li mit for hair mercury 
analysis was I nmol-g 1

• Accuracy and precision data were 
obtained using certified reference material through H eald, 

Canada's hair mercury inter-laboratory compa ri son 
program. The coefficients of va riat ion (N = 50, different 
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Table 5. Comparison of Hg concentrations in blood (µg/1) and hair (µg/g) 

Geometric Interquartile 
Cohort Medium Years N mean Range range 
Nunavik Inuit Cord blood' 1993-1996 475 14.2 1.0-104.0 8.4-24.8 

5-year blood3 2000 58 8.8 0.8-38.2 4.1-18.3 

5-year hair3 2000 58 2.2 0.3-8.6 1.2-4.1 

Southern Quebec' Cord blood 1993-1995 1108 LO 0.9-1.0 

Faroe lsla nds5 Cord blood 1986-1987 894 22.9 13.4-41.3 

Child hair, 7 years 1993-1994 903 3.0 17-6.1 

Child blood, 7 years 1993-1994 672 8.8 4.8-18.2 
1 95% confidence interval; ' Oewailly et al. (1998); 3 Current study; • Rhatnds et al. (1999); Grand1ean et al. (1999) 

Table 6. Comparison of PCB concentrations observed in Nunavik Cord Blood samples (µg/1) with those in comparison 
groups and high levels cohorts using same analytical methods 

PCB Arithmetic 
Years N congener mean Range 

Canada, Nunavik lnuit5 1993-1996 59 Aro 12601 2.7 0.5-8.4 

59 153 03 0.5-1.0 

59 IPCB1 L3 0.2-4.2 

Canada, Southern Quebec6 1993-1995 656 Aro 12601 0.53 0.5-0.5' 

USA, New Bedford ' 1993-1998 751 153 0.1 0.0-1.3 

Netherlands' 1990-1992 382 153 0.2 0.0-0 9 

Faroe Islands' 1994-1995 174 1PCB1 2.5 0.7-8.7 

Greenland, Disco Bay1° 1994-1996 160 Aro 12601 4.2 II 

1 Aro 1260, 5.2 times the sum of PCB congeners 138 and 153; 1 ~PCB, 2 tJmes the sum of PCB congeners 138, 153, and 180; Geometric mean;• 95% Confidence mterval; 
' Current study;' Rhamds et al. (19991: ' Korrick et al . (2000); 1 Koopman-Esseboom et al. (19941,' Steuerwald et al. (2000); B1erregaard & Hansen (2000); 11 Not available 

days) at levels of 12.3 µg ·g- 1 (B ureau of Community 
Reference) and 4 .42 µg-g - 1 (National Institute for 

Environmental Studies) were 4 .8% and 4.3% respectively. 
The relative b iases were -2.2% and + 1.9%, respectively. 
Descript ive stat istics of mercury (Hg) concentrations 

obtained in cord and child blood are presented in Table 4. 
The average Hg concentration is higher in cord blood 

rhan child blood. 

Hg concentrations reported in other cohons are presented 

in Table 5. The data confirmed that prenatal exposure to 

Hg among the Inuit of Northern Quebec is higher than 
that observed in general population sample in Southern 
Quebec. Whe n compared with the Faroe Islands cohort 
who has been studied for electrophysiological effects 

associated with Hg exposure, the Nunavik Inuit Hg range 
of expos ure - co rd blood , child blood, and chi ld hair 

- is very sim il ar. 

Cord blood and chi ld blood samples were analyzed for 
I 4 PC B congeners and I I chlorinated pesticides. Table 4 
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shows the descriptive statistics for these compounds in 
cord blood and child blood. PCB congener 153, the most 
prevalent congener, was used as a marker variable to reflect 
exposure to the moderate-to-heavily chlorinated PCB 
congeners . With regard to PCB exposure, it is difficult to 
compare the data in the present study with those from 
the first PCB neurobehavioral studies conducted in 
Michigan Qacobson and Jacobson, 1996) and North 
Carolina (Rogan et al., 1986), which were based on 
packed columns gas chromatography technology for OCs 
determination . In Table 6, PCB concentrations observed 
in the present sample are compared with those from the 
general Canadian and American populations, and with 
other cohorts studies using similar analytical methods for 
PCBs determination (congener specific analysis). For each 
comparison, the Nu navik PCB concentrations were 

calcu lated accord ing to the method used in the compari

son study. 

Comparison of cord blood PCB levels confirmed that 
prenatal exposure to PCBs among the Nunavik Inuit is 
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much higher than that observed in general popu latio ns 
from Southern Quebec in Canada and New Bed ford in 
United States. The Nunavik PCB co ncentra tio ns are 
similar to those found in cord blood samples of the Neth

erlands study, and they are about two ti mes lower than 
those found in the groups of mari ne mammal consumers 
from the Faroe Islands and Greenland cohorts . 

Conclusions 
As projected originally, during che year 2001-2002, two 
data collection trips were performed and allowed to test 
a total of 51 children . The research plans and milesto nes 
to be achieved in che next year have not changed, as well 
as che timetable of activities. No results have been 
published or communicated to dace. Results wi ll be avail
able for publication before the end of year 2003-2004. 

Expected Completion Date 
March 31, 2004 
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The main objective of this study is to examine the 
consequences of in t<tero and lactational exposure to poly
chlorinated biphenyls (PCBs) and mercury on Inuit infuncs, 
from birch co 12 months of age. Of particular interest is the 

impact of exposure on newborn thyro id hormone levels and 
physical growth, on che in fant's ove rall health, mental, 
psychomocor, and neurobehavioral development, and on 

visual and spacial information processing abi lities. 

The data collection of chis study scarred in November 
1995 and ended in March 2002. The continuation of data 
collection was che main acciviry carried out in 2001-2002. 
248 Nunavik mothers have completed the prenatal inter
view and 216 have completed the postnatal interview; 
185 infants were assessed at 6.5 months and 167 were 
assessed at 11 months of age. There are no results available 
regarding che effects of exposure to PCBs but two related 
art icles were published during 2002. 
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Time trend analysis of prenatal exposure tO environmen
tal contaminants was also under study. Statistical analys is 
of collected data was the main activity carried our in 
2002-2003. Study results were communicated ro rhe 
N unavik population and ro rhe Canadian Arctic 
Contatninanrs Assessment Syn1posium. Manuscripts were 

submitted ro scientific journals and others are under 
preparation. 

Key Project Messages 

2001-2002 
I. The data collection of this ongoing study started in 

November 1995 and ended in 2002. The continuation 
of data collection was the main activity carried out in 
2001 - 2002. To dare, 248 Nunavik mothers have 
completed the prenatal interview and 216 have 
completed the postnatal interview; 185 infants were 
assessed at 6.5 months and 167 were assessed at 
11 months of age. 

2. There are no results available regarding the effects of 
exposure to PCBs on infant health and development. 
Effect analysis results are now available. 

3. One article recently published corroborated previous 
findings relating marine mammal and fish consumption 
to increased Hg and selenium body burden. Despite 
widespread knowledge regarding the presence of these 
contaminants in traditional foods, a large proportion 
of Inuit women increased their consumption of these 
foods during pregnancy, due primarily tO pregnancy
related changes in food preferences and the belief that 
these foods are beneficial during pregnancy. 

4. In that study, cord blood, maternal blood and maternal 
hair mercury concentrations averaged 18.5 µg-L - 1

, 

10.4 µg-L- 1 and 3.7 µg•g - 1 respectively, and are similar 
tO those found in the Faroe Islands bur lower than those 
documented in the Seychelles Islands and New Zealand 
cohorrs. Concentrations of PCB congener 153 averaged 
86.9, 105.3 and 131.6 µg-kg- 1 (lipids) in cord plasma, 
maternal plasma and maternal milk, respectively; prenatal 
exposure tO PCBs in the Nunavik cohort is similar tO 

that reported in the Durch but much lower than those 
in other Arctic cohorts. Levels ofN3-PUFA in plasma 
phospholipids and selenium in blood are relatively high. 
The relatively low correlations observed between organo
chlorine and methylmercury concentrations may make 
it easier tO identify the specific developmental deficits 
attributable tO each coxicanr. Similarly, the weak 
correlations noted between environmental contaminants 

and nutrients will faci li tate the documentation of 
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possible protective effects affo rded by either N3-PUFA 
or selenium aga inst neurotoxic contaminants. 

2002-2003 
I. Prenatal exposu re ro PCBs, mercury or lead has no 

effect on visual acuity, overall mental and moror 
development. 

2. Prenatal exposure co PCBs is associa ted with subtle 
effects on duration of pregnancy as well as weight and 
length ar birth. 

3. Prenatal exposure co environmental contaminants is 

associated with poorer memory/attention during 
infancy; each contaminant has a specific effect on 
cognitive function. 

4. Intake of omega-3 fatty acids during pregnancy has 
beneficial effects on foeta l growth and is associated 
with more optimal development of infants on virtually 
all outcomes assessed. 

5. The adverse effects of PCB on growth and develop
ment remained significant despite the beneficial effects 
of omega-3 fatty acids. 

6. Prenatal exposure ro PCBs has significantly decreased 
over the last decade, and cord blood lead levels have 
declined drastically since the discontinuation of the 
use of lead pellets. 

Objectives 
I. To examine physical growth and developmental effects 

of in utero and lactational exposure ro PCBs on Inuit 
infants from birth ro 12 months of age. Of particular 
interest is the impact of PCBs and Hg exposure on 
newborn's thyroid hormones, physical growth, physical 
and central nervous system maturity, on in fant's 

overall health, mental, psychomotor and neurobehav
ioral development, and on functional and neural 
impairment in the domains of visual and spatial infor
mation processing. 

2. To document rhe exposure to heavy metals, organo
chlorines and polyunsaturated fatty acids of newborns 
from selected communities in Nunavik. This ongoing 
effect study provides the opportunity ro continue rhe 
cord blood monitoring program financed by NCP 
since 1993 and as a result, to be able ro perform long 
rime trend analysis of human exposure to OCs and 
heavy metals. 
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Introduction 
The developmental neurotoxicity of MeH g fi rst became 

evident during the 1950s at Minimata Bay, Japan, which 
was heavily contaminated with Hg fro m industrial effiuent 
ente ring th e bay . A second well -documented MeHg 
poisoning occurred in Iraq in rhe 1970s when seed grain 
contaminated with a M eH g fungicide was used to make 

homemade bread (Amin-Zaki er al. 1976). The neurode
velopmental affects seen in children exposed in utero in 
both Japan and Iraq included severe sensory and central 

nervous system impairments (H arada 1995; Marsh er al. 
l 987) . Three well -des igned , prospective, longitudinal 
studies that examined th e effects of prenatal exposure to 
lower doses of MeH g on childhood cogn itive function 
were perform ed in New Zealan d , Faroe Islands, and 

Seychelles Islands (Crum p et al. 1998; Kjellstrom et al. 
1986; Grandjean et al . 1997; Davidson er al. 1998; Myers 

er al. 1995a) . In the Faroe Islands study, MeHg exposure 
was found to be related to poorer performance in the 
domains of fin e moto r function, attention, language, 
visual-spatial abiliti es and verbal memory (Grandjean 

et al. 1997; Grandjean er al. 1999). Although no adverse 
effects were found in the Seychelles study (Davidson er al. 
l 998; D avidson er al. l 995; Myers et al. 19956), the 
New Zealand study, which was similar in exposure and 

resea rch des ign, fo und poo rer performance in similar 
domains to rh ose observed in rhe Faroe study (Crump 
er al. 1998; Kjellsrro m er al. 1986). 

The developmental toxicity of hear-degraded PCBs was 
first recognized in Japan in the late 1960s and in Taiwan 

in the late 1970s. In both countries, infants born to 

women who had consumed rice oi l contaminated with 
mixtures o f PC Bs and po lychlo rinared dibenzofurans 
(PC DFs) exhibited skin rashes and poo rer intellectual 

functioning dur ing in fa ncy and ch ildhood (Chen et al. 
l 992; Yu et al. 199 1 ). T he effects of prenatal exposure to 
background levels of PC Bs and other OCs from environ
mental sources have been stud ied since the 1980s in 

prospective longitudinal studies . In M ich igan, prenatal 
PC B exposure was associated with poorer visual recogni
tion memory in infancy Qacobson er al. 1985; Jacobson 

et al. 1990a; Jacobson et al. 1992), an effect recently 
confirmed in the Oswego study (Darvill er al. in press). 

In North Carolina, defi cits in psychomotor development 
were seen in the mos t highly exposed ch ildren through 
24 mo nths of age (Gladen er al. 1988; Rogan et al. 1991) . 

In M ichigan , prenatal PC B exposure was linked to poorer 
intell ectual functio n at 4 and at 11 years Qacobson et al. 
1990a; Jacobson 1996), a finding confirmed at 42 months 

in the Netherlands (Parandin et al. 1999). 
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Neurotoxic effects of Me Hg might be attenuated by pro
tective effects of nutrients such as selen ium (Se), and 
adverse effects from OCs might be attenuated by a high 
in take of N-3 po lyunsaturated fatty acids (N3-PUFA). 
Increased intake of Se and N3-PUFA would be expected 
in a population who consume relatively large quantities 
of fish and marine mammals. Although rhe effects of Se 
on MeHg toxicity have not been well documented in 
humans, there is evidence from over 40 an imal studies 
that Se can inAuence the deposition of H g in the body 
and protect against its toxicity (National Research 
Council 2000). N3-PUFA, especially DHA, are essential 
for brain development (Crawford et al. 1976). DHA 
deficiency impairs learning and memory in rats (Greiner 
et al. 1999), and rodents and nonhuman primates fed 
diets severely deficient in N3-PUFA show altered visual 
function and behavioral problems (Inn is 2000). Supple
mentation of N3-PUFA can enhance visual acuity and 
brain development in preterm human infants (Bjerve et al. 
1992; Uauy er al. l 990), although it is not clear whether 
increased levels of rhese nutrients can benefit full term 
infants (Uauy and Hoffman 2000). It has been hypoth
esized that N3-PUFA may protect against neurotoxicity 
associated with prenatal exposure to environmental 
contaminants . 

The effects of prenatal exposure to polychlorinated biphen
yls (PCBs) and other organochlorine compounds (OCs) 
from environmental sources on growth at birth and dura
tion of pregnancy have been studied in prospective lon
gitudinal studies conducted in the United States and 
Europe. In Michigan higher cord serum PCB concentra
tions were associated at birth with lower weight, smaller 
head circumference and shorter gestation . Similar effects 
were observed in rhe Netherlands study bur prenatal PCB 
exposure was not associated with growth in North Carolina, 
rhe cohort with the lowest PCB exposure. Prenatal expo
sure to PCBs and merhylmercury have also been linked 

prospectively to developmental and cogni tive deficits in 
infancy and childhood; the data from ar least one impor
tant study are difficult to interpret, however, because the 
children were exposed simultaneously to high levels of 

both contaminants. 

Activities 

In 2001 - 2002 
Most of the focus of that year's activity was in data col
lection. To date, 248 Nunavik mothers have completed 

rhe prenatal interview and 216 have completed the post
natal interview; 185 infants were assessed ar 6 .5 mo nths 
and 167 were assessed at 11 months of age. 
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In 2002-2003 
Between 1995 and 2002, we conducted a prospective 
study of Inuit infants in three communities located in 
northern Quebec (Nunavik), where the Inuit population 
relies on species from the marine food web for subsistence 
and is therefore exposed ro high doses of environmental 
contaminants such as PCBs and mercury. During year 
2002-2003, we conducted rime trend analysis of prenatal 
exposure to environmental contaminants, and statistical 
analysis aimed to look at the effects of prenatal exposure 
to environmental contaminants on physical growth at 
birth and developmental outcomes assessed at 6.5 and 
11 months of age. These resulrs were communicated to 

the Nunavik population. 

Results and Discussion 
The most prevalent PCB congeners were 153, 138 and 
180. These three congeners represent about 66% of the 
total concentration of the 14 PCB congeners. The inter
correlations among PCB congeners chat were detected in 

at least 70% of cord plasma samples were very high 
(median r = 0.90). The predominant chlorinated pesti
cides were p,p cDDE, hexachlorobenzene, oxychlordane, 
and trans-nonachlor. The intercorrelacions among the 
chlorinated pesticides detected in at least 70% of samples 
were strong (median r = 0.76). Moreover, the chlorinated 
pesticides measured were strongly associated with PCB 
congener 153, except for p,pcDDT where the association 
was moderate. Based on these data, it seems reasonable 
to use PCB congener 153, the most prevalent congener, 
as a marker for exposure to the environmental organo
chlorine mixture in the Arctic. Cord plasma PCB 153 
concentrations averaged 116.0 µg/kg (lipids) (geometric 
mean 86.9). Prenatal PCB exposure in Nunavik was two 
to three times higher than chat observed in general 
populations in southern Quebec and in Massachusetts 
(USA), similar to chat found in the Netherlands, and 
about two to three times lower than in the groups of 
marine mammal consumers from Greenland and Faroe 

Islands. With regard to PCB exposure in the early 
neurobehavioral studies conducted in Michigan and 
North Carolina, prenatal PCB exposure in Nunavik was 

similar to chat observed in the Michigan study, while both 
were higher than prenatal exposure observed in North 
Carolina cohort. 

Hg concentrations found in cord blood and maternal hair 
samples averaged 22.7 µg-L- 1 and 4.5 µg•g - 1

, respectively 
(geometric means 18.5 and 3.7). These data confirm that 
prenatal exposure to Hg in the studied population is 
higher than that observed in general population samples 

140 

in Canada and the United States. When compared to 
cohorts with relatively hi gh concentrations that were 
studied in relation to neurobehavioral effects of prenatal 
H g expos ure, th e H g exposu re in Nunavik Inuit was 
similar to chat observed in the Faroe Islands' first and 
second cohorts, slightly lower than in the Seychell es 
Islands cohorts, and substant ially lower than in th e 
highest exposed group in the New Zealand study. Hg 
exposure in Nunavik Inuit was slightly higher than the 
average concentration observed in anot her Canadian 
aboriginal population, the C ree, in 1992. Compared with 
Green land ic Inuit from the Disco Bay region, che 

N unavik H g exposure was lower. 

Cord blood lead concentrations averaged 0.2 µmol-L - 1
, 

which corresponds to 41.4 µg-L - 1 (geometric mean 
0.2 µmol-L - 1

). The average lead concentration obtained 
in this cohort was two times higher than chat found in 
the genera l population from South ern Quebec and 
similar to chat reported for the Greenl andic Inui t. 

Although the studied infants were exposed transplacen
cally to both OCs and mercury, expos ures were only 
moderately confounded: cord PCB-cord Hg, r = 0.24; 
cord PCB-average hair Hg, r = 0.34. The associations 
between cord blood lead and H g concentrations were also 
low, and the intercorrelations between cord blood lead 
and OC concentrations were even weaker. 

We examined cord plasma PCB I 53 concentrations in 
relation to duration of pregnancy, physical growth at birch 
and developmental outcomes assessed at 6.5 and 11 months 
of age using multiple regression analyses. Pearson correlations 
were performed to select among the control variables chose 
to be included in multivariate analyses. After controlling for 
potential confounders associated at p :5 .10 with the studied 
outcomes, higher cord plasma PCB 153 concentrations were 
associated with lower birch weight and marginally related to 
shorter duration of pregnancy. The magnitude of the negative 
association between PCB and birch weight was comparable 

to chose noted with prenatal exposure co alcohol or smoking 
during pregnancy. Cord plasma PCB 153 concentrations 
were associated with shorter length at birch in girls and were 

not related to head circumference. 

With regard to early cognitive development, each of the 
major environmental contaminants examined in this study 

was associated with a specific aspect of ea rly cogn itive 
development. Whereas prenatal PCB exposure was most 
strongly related co visual recognition memory, cord blood 
lead concentrations were related to slower speed of 
processing information , and prenatal mercury exposure -

whether assessed in cord blood or maternal hair - to 
poorer performance on the A-not-B Test, which is 
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believed co be an early precursor of executive function . 

Moreover, omega-3 fatty acids was found ro be associated 

with elevated birth weight, longer duration of pregnancy, 

better visual acuity, and more optimal motor and cogni
tive development. 

Conclusions 
These findin gs are co nsistent with results of previous 

epidemiological studies conducted in populations exposed 

ro PCBs through the consumption of contaminated food . 

The beneficial effects of omega-3 fatty acids intake during 

pregnancy were seen in a broad range of infant outcomes. 

In this population , the negative effects of prenatal PCB 

exposure on duration of pregnancy, physical growth and 

cognitive function remained significant despite rhe 

beneficial effects of omega-3 fatty acids . These data also 

provide support for the hypothesis rhar rhe adverse effects 
of prenatal exposure co PCBs, mercury and lead do nor 

opera te on a common neural pathway bur instead impact 

on very different aspects of cognitive function during 
infancy. 

All the activities planned for this year were performed. 

Expected Completion Date 
March 2003. 
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Abstract 
Exposure to selected organochlorines (OCs) was previously 
linked to adverse developmental effects in animals and 
humans and it was also shown to increase cytochromes 
P450 enzymes (CYP) levels in different tissues. The main 

objective of this project was to relate placental CYP induc
tion in Inui t women ofNunavik to their exposure to envi
ronmental OCs and to their life-style habits, as well as to 
developmental endpoints in their newborn (birth weight, 
length, head ci rcumference). lmmunoblotting analyses on 
placental m icrosomes revealed the presence of detectable 
levels ofCYPIAI and CY2B6, bur not CYPIBI and 
CYP2E I. Placental pentoxyresorufin O-dealkylation 
(PROD) activity (related to CYP2B6/3A4) was not detected 
at sign ificant levels in our samples, but ethoxyresorufin 
0-dealkylat ion (EROD) activity (related to CYPIAI/IA2 
and I B I) was de tected and quantified in all samples 

processed (n = I 09). A high proportion of the Inuit popula
tio n ca rried the CYPIAI '2c polymorphism, but it didn't 

signifi ca ntly inAuence placental EROD activity. EROD 
activity was highly correlated with smoking during pregnancy 
(as estimated by cotin ine concentrations in meconium), but 
it was not related to environmental organochlorine exposure 
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or to the newborn's characteristics at birth (weight, length, 
head circumference and foetal maturity), hence suggesting 
that the effects of prenatal exposure to OCs and/or tobacco 
toxicants on intra-uterine development are not significantly 
mediated by mechanisms involving the induction of 

CYPIAI in the placenta. 

Key Project Messages 
I. Placental EROD activity (CYPIAI) is primarily 

modulated by smoking during pregnancy, not by 
environmental contaminants. 

2. The Inuit population ofNunavik shows a proportion 
higher than expected of people carrying the 
CYPIAI '2c variant genotype, but this polymorphism 
does not affect placental EROD activity or newborn's 
physical characteristics at birch. 

3. The newborn's physical characteristics at birch may be 
affected by smoking during pregnancy and/or by 
environmental contaminants exposure, bur these 

effects are not significantly mediated by mechanisms 
involving placental CYP I A I induction. 
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Objectives 
I. To determine CYP enzyme profiles in placentas of Inuit 

women of Nunavik and relate them to environmental 
OCs exposure, lifesryle habits and to developmental 
endpoims in newborns. 

2 . To screen for known CYP polymorphisms in order to 
refine the interpretation of CYP induction as a bio
marker of early biochemical effect, and to determine 

if specific genotypes modify the risk associated with 
prenata l exposure to xenobiocics in the Nunavik 

population. 

Introduction 
The Inuit ofNunavik ace exposed to unusually high doses of 
organochlorines (OCs) due to their traditional consumption 
of sea mammal fat (Dewailly et al. 1993) . Prenatal exposure 
co OCs was related to adverse developmental effects in 
different human populations (Gladen et al. 2000; Pacandin 
et al. I 998; Taylor et al. 1989), but the mechanisms 
underlying this toxiciry remain unclear. Several OCs are 
known inducers of drug-metabolizing enzymes, including 
cycochromes P450s (CYPs) . Dioxins and dioxin-like 
compounds induce CYPlAl through a mechanism mediated 
by the AHR (Okey 1990), while CYP2B and CYP3A are 
induced by other OCs (ortho-substituted PCBs, some 
pesticides) through a mechanism mediated by the CAR, PXR 
and RXR receptors (Zelko and Negishi 2000). Earlier studies 
have suggested chat placental CYPlAl induction was related 
to maternal smoking (Boden et al. 1995) and to maternal 
exposure to dioxin-like compounds (Wong et al. 1985), and 
high placental CYPIAI acciviry was correlated to lower birch 
weights (Lucier et al. 1987; Pelkonen et al. I 979). Hence, 
placental CYPIAI induction by OCs or other xenobiotics 
may be involved in the mechanism of action leading to 
adverse developmental effects. 

In order to address the effects of prenatal exposure to OCs 
on the children's physical and neurological development 
in the Arctic, a cohort study is currently being carried out 

in the Nunavik population. The present project is nested 
in this cohort study and aims at including biomarkers of 
early effects in the study design in order to investigate che 
mechanisms underlying the prenatal toxiciry associated 
with maternal exposure to xenobiotics, and to add 
biological plausibiliry co the associations observed between 
OCs exposure and adverse effects on children's develop
ment. The objective of this project was to determine CYPs 
induction profiles in placentas oflnuit women ofNunavik 
and relate chem, on the one hand, to environmental OCs 
exposure and life-style habits, and on the other hand, to 
developmental endpoints in newborns. 
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Activities 

In 2002-2003 
Population description, sample collection, analytical methods 

Inuit women res iding in Nunavik (Puvirnituk, lnukjuak, 
Kuujjuaraap ik) were recruited in the framework of the 
N unavik Infant Development Cohort Study, wh ich is 
fully described in a report by M uckle et al. (200 I b). 
Briefly, fo llowing thorough explanation of the project and 
after signing a co nsent form, women answered a question

naire addressing d ietary and li fe-sty le habits, and gave 
their consent for sampling of placenta, maternal blood, 
umbilical co rd blood, infant blood (at 6 months) and 
milk. Maternal smoking status was ascertained using 
cocinine concentration in meconium (Ostrea et al. 1994; 
Pereg et al. 200 1). Analytical methods have been fully 
described in earlier reports (Muckle et al. 2001a; Muckle 
et al. 200 I b; Pereg et al. 2002). 

Detection of CYP proteins by immunoblotting 

Microsomal fract ions were isolated from placental tissue 
by differential centrifugation and sto red in Tris-sucrose 
buffer (50 mM Tris-0.25 M sucrose, pH 8.0) at -80°C 
until further processing. Protein concentrations were 

determined by the bicinchoninic acid assay (Pierce 
Biotechnology, MJS Biolynx, Brockville, ON). Two pools 
of placental microsomes were constituted (one for non
smokers, one for smokers) and immunoblotting was 
carried out to determine which CYP enzymes were detect
able at sign ificant levels (CYPIAI, IBI, 2B6 and 2£1) . 
3.6 µg placental microsomal proteins were separated by 
SOS-PAGE. Microsomes from cells over-expressing the 
CYP protein of interest (CYP IAI , IA2, IBI , 2B6 and 
2£ 1) were loaded as posit ive contro l and standard refer
ence on every gel in concentrations ranging from 0.03 to 
0.25 pmol CYP, accord ing to the standard used (Gentest, 
Woburn, MA). After electrophores is, the proteins were 
electroblotted on PVDF membranes. The latter were 
blocked in PBS-skim milk (5%), washed in PBS and 
incubated with one of the fo llowing primary antibod ies: 
goat anti-human CYP IA I /2, rabbit anti-human CYP I B 1, 
rabbit anti-human CYP2B6 and goat anti- human 
CYP2El (Gemest, Woburn, MA). After washing che 
membranes in PBS, they were incubated with a secondary 
antibody d irected against rabb it or goat IgG and conju
gated with horserad ish perox idase. I mmunob locs were 
revealed by chem iluminescence with the Im mu n-Sta r 
horseradish peroxidase substrate (BioRad Laboratories, 
Mississauga, ON) and images were captured and analysed 
with a digital image analysis system (Alphalnnotech 
FluorChem 8800). 
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Table 1. Single nucleotide polymorphisms found on the CYP1A1 gene 
SNP Nucleotide change Amino acid change Location Reference 

CYP!Al *2a 3801 T> C 
None Msp 1 restriction site 3' flanking region (Hayashi et al. 199 1b) 

CYP!Al *2c 2455 A> G lie 462 Val Exon 7 (Hayashi et al. 1991b) 
CYP l Al *4 2453 C > A Thr461 Asn Exon 7 (Cascorb i et al. 1996) 
CYP l Al *5 2461 C > A Arg 464 Ser Exon 7 (Cheva lier et al. 2001) 
CYPlA l *6 1636 G > T Met 331 lle Exon 4 (Cheva lier et al. 2001) 

Determination of CYP1A1 and CYP2B6 activity levels 

Methods to assess CYl' acti vit ies on resorufin substrates 
in 96-well plates have already been described (Lagueux et 
al. 1997; Lagueux et al. 1999; Pereg et al. 2001; Pereg et 
al. 2002) . EROD and PRO D activities were measured in 
p lace n ta l microso mes to assess CYPIA and CYP2B 
activities, respectively {Burke et al. 1994). EROD and 
PROD act ivities were expressed in pmoles of resorufin 
produced -minute- 1-mg- 1 of microsomal proteins. 

Genotyping 

Ge notyping ana lyses were carri ed out in Dr. Fran,ois 
Rousseau's laboratory (CH UQ -CRSFA). Single nucleotide 
po lymorphisms (SN Ps) identified on rhe CYPIAI gene 
(Table I) were genotyped by allele-specific PCR and a 

dsDNA-specific dye, according to the method of Moran er 
al. ( I 998) with some mod ifications. The dye used was 
SYBR G reen I (Molecular Probes, Eugene, OR) and the 

results were analysed with software developed in-house. 
DNA ex tract ions from maternal and cord blood and PCR 
reactions were perform ed in 96-well plates. 

Statistical analyses 

A database was assembled in the fran1ework of the Nunavik 
Infant Development Cohort Study, which includes data from 
the quest ionna ires and analytical data (organochlorines, 
heavy metals, cotinine, etc.). In order to investigate the 
relations between CYP enzymes, exposure co environmental 
contam inants, life-style habits and developmental endpoints 
(birth weight and length, head circumference) in the present 
study, biocl1emical and genetic endpoints {enzyme activities, 

polymorphisms, etc.) were included in the database of the 
N unavik Infan t Development Cohort Study. 

OCs plasma concentrations, cotinine concentrations in 
meconium and placental £ ROD activities followed a log
no rmal d istr ibution and were normalized through a 
logarithm ic conversion {log

10
) before further processing. A 

value equal to half the detection limit was attributed to 

samples below the detection limit {except EROD activities, 
for which undetected values were entered as such). Newborns' 
physical characteristics at birth fo llowed a normal distribu-
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tion. Means were compared using Student's t tests (2 groups) 
or one-way analyses of variance (3 groups or more) with 
Tamhanes's post-hoe procedures. Correlations were tes ted 
using Spearman's correlation coefficients. Multiple regression 
analyses were conducted co test: I) the effect of OCs exposure 
and smoking on EROD activity; 2) the effect of CYP IAI 
genotypes on £ROD activity and on the newborn's physical 
characteristics at birth; and 3) the effect ofEROD activity on 
the newborn's physical characteristics at birth. For all analyses, 
the level of significance was set co 0.05 . Ali statistical rests 
were performed using the SPSS 11.5 for Windows statistical 
package (SPSS Inc., Ch icago, IL). 

Results 

Organochlorine exposure 
Organochlorine measurements in cord plasma were avail
able for 110 subjects (46 for TEQs), and 109 placenta 
samples were available for biochemical analyses. Detailed 
exposure analysis for this population is provided in 
Muckle et al. (200 lb). PCBs concentrations were strongly 
intercorrelated in cord plasma (Spearman's r > 0. 72, 
p < 0.05) and most PCB congeners showed a significant 
association with coral TEQs measured in milk. PCB 153 
was the most abundant congener detected in all samples 
and it was correlated to other freq uen tly detected PCBs 
{Correlation coefficients ranging from 0.85 to 0.97, 
p < 0.05) as well as to TEQs in milk (S pearman's 
r = 0.50, p < 0.05) . Therefore, PCB-153 was selected as 
the exposure variable in further statistical analyses . 

lmmunoblotting analyses 
lmmunoblotting analyses on pooled placental microso mes 
from Inuit women showed tha t CYP !A l , CYP2B6 and 
CYPIA2 {low concentratio ns), co uld be detec ted in 
placenta. H owever, CYP!B l and C YP2E l co uld not 
be detected at signi fica nt levels in th ese samples using 
th is immu noblotting method , and furth er analyses of 
these isoforms were not un de rtaken in the framewo rk of 

this project. 
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PROD and EROD activities 
PROD activity could not be detected at significant levels in 

any placental samples, despite the detection of CYP2B6 by 
immunoblotting in pooled placental microsomes. The limit 

of detection for resorufin in all EROD and PROD assays 

was 2.5pmol and for all PROD activity assays, 502 µg 
placental microsomal proteins were used (3 .0mg-ml- 1 final 

protein concentration in reaction). All positive controls 
(phenobarbital-treated rat liver microsomes) showed detect

able PROD activity but the coefficient of variation among 

experimental controls was high (25%). Contrarily to PROD 

activity, EROD activity was detected in all placenta samples. 

For EROD assays, 168 and 252 µg placental microsomal 

proteins were used ( 1.0 and !.5mg-ml I final protein con

centration in reaction) . All positive controls (pooled placen-

Figure 1. EROO activities in the three smoker categories 
were based on cotinine concentration in 
meconium. Statistically significant differences 
among groups were determined by ANOVA 

4.0 

3.5 

0.5 

and Tamhane's post-hoe procedure. Bars 
indicate mean values, error bars indicate 
standard errors and black lines across bars 
indicate median values 

0.0 L l::::,,=,.=,.=,,=er=, ::L-1._LLi-.,-h1 -,m-,k-m_l_c_...LH_" _" _'m-,k-er-, j_J 
Cotininenondetecttd Cotinine < 86n&'f Cotinine > 86na:,c 

n= 11 n::26 n=61 

cal san1ples from heavy smokers) showed detectable EROD 

activity and the coefficient of variation amo ng experimental 

controls was 14%. 

C igarette smoke is a known inducer ofCYPIAI (Boden 

et al. 1995). Cotin ine in the meconium was sign ificantly 

associated with the self-declared cigarette co nsumption 

during pregnancy (Spearman's r = 0.45, p < 0,001) and 

even mo re so with placental EROD activity (r = 0.67, 

p < 0.001) and it was shown to be a good biomarker of 

the foetal exposu re ro tobacco smoke toxicants. Figure I 

shows the mean (± standard erro r) and median EROD 

activities measured in three categories of smokers based 

on cotinine co ncentration in the meconium (with a 

86 ng•g- 1 cotinine concentrat ion cue-off to discriminate 

between wo men who smoke mo re o r less than 

10 cigarettes-day 1
) (Pereg et al. 200 1). A stat istica lly 

significant d ifference was observed between EROD 

acciviries measured in placentas from heavy smokers, 

compared to women who smoked less than 10 cigarettes 

per day or didn't smoke during pregnancy (ANOVA, 

p < 0.001). G iven the lack of effect observed on EROD 

activities in light smokers, the latter catego ry was merged 

with the non-smoker category in further ana lyses 

involving women's smoki ng status in order to balance the 

number of subjects among groups. 

Placental ERO D activit ies were also compared berween 

newbo rn 's ge nder to ens ure chat this variable did not 

modify the effect observed. G irls showed a mean EROD 

value of 1.8 ± 0 .3pmol resorufin produced*min 1mg 

proC 1 (median value = 1.2) and boys showed a mean 

EROD value of 2.6 ± 0.4 (med ian val ue = 1.2). No 

statistically sign ificant difference was found berween the 

rwo groups (Student's t-test, p = 0.452). T his variable was 

therefore not further co nsidered in multivariate models 

testing the determinants of placental EROD activity. 

The association of placental EROD activity with environ

mental contaminants was tested while controlling for the 

Table 2. Multivariate linear regression analyses testing the association of placental EROD activity with environmental 
contaminants while controlling for the effect of smoking 
EROO (log) = cotinine (log) + PCB-153 (log) 

Model 

Cotinine (log) 

PCB-153 (log) 

EROD (log) = cotinine (log) + TEQs milk (log) 

Model 
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Cotinine (log) 

Total TEQs (log) 

R' (std 13 for variables) 

0.363 

0.602 

0.039 

R' (std 13 for variables) 

0.390 

0.630 

- 0.052 

< 0.001 

< 0.001 

0.644 
p 

0.001 

< 0.001 

0.732 

93 

31 

D. Pereg 



effect of smoking. Table 2 shows the resulrs of two multi
variate linear regression analyses resting these associations. 
Analyses were carried our on log-transformed data to account 
for the log-normal disuibucion of variables. The resulrs show 
chat ER.OD activity is primarily modulated by smoking 
during pregnancy, and char the influence of environmental 

contaminants on placental ER.OD activity is nor srarisrically 
significant. 

CYP1A1 genotypes 
CYP IA l *4, '5 and *6 polymorphisms showed a very low 
proportion (o r absence) of variants and hererozygores in 
the Nunavik population. The frequency of CYPIA l '2a 
variants was I 5.3% (from cord blood). For CYP!AI '2c, 
the proportion of variants was 23.8%. Placental ER.OD 

activity was compared between genotype groups 
(hererozygores were pooled with variants and compared 
to wi ld-rypes) while controlling for the smoking status 
(smoker category) using two-way ANOV As. No significant 
effect ofCYP IA I genotypes on placental ER.OD activity 
were observed (CYPIAI *2a, p = 0.121, and CYPIAI '2c, 

p = 0.697) while the smoker category remained significant 
in both models (p < 0.00 I). 

Newborn's physical characteristics at birth 
Correlation analyses and multiple regression analyses were 
carried our to rest rhe effect of placental ER.OD on the 
newborn's physical characteristics at birch. The effect of 
the variants CYPIAl*2a and ·2c on the newborn 's 

physical characteristics at birch were also rested by 
multiple regression. Known modifying variables such as 
gestational age, parity, newborn's gender, mother's weight, 
omega-3 faery acids, tobacco and alcohol consumption 
were co nside red in the regression models. Placental 
ER.OD activity was not significantly associated with birth 

weight (S pearman's r = 0.240, p = 0.803), birch length 
(r = -0. 190, p = 0.848) or head circumference (r = 0.092, 
p = 0.350). In multiple regression models allowing control 
for the effect of confounding and/or modifying variables, 
there was no significant effect of placental ER.OD on any 
newborn's physical characteristics at birth and no signifi

cant effect of CYP !Al genorypes could be observed. 

Discussion 
Foeta l growth may be negatively influenced by maternal 
exposure to environmental contaminants (Lucier et al. 1987) 
and by maternal smoking during pregnancy (Peacock er al. 
1998; Wang er al. 2002). In the Nunavik poptJarion, Muckle 

et al. (2003) report that prenatal exposure to PCBs was 
associated with subtle effects on duration of pregnancy as 
well as the newborn's weight and length at birth. However, 
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the effecrs of maternal smoking on foetal growth remain to 
be addressed thoroughly in the Nunavik population. Our 
hypothesis was that the mechanisms of toxicity underlying 
detrimental effects on foetal growth caused by prenatal 
exposure to xenobiorics could be related to the induction of 
P450s in placenta. 

The results obtained by immunoblotting showed char 
CYP!Al, IA2 and 286 could be detected in placenta, 
whereas CYP2E I and I BI cou ld not. The detection of 
CYP!Al and IA2 and the absence ofCYPIBI in placenta 
are observations char are consistent with data reported 
earlier by Hakkola er al. (I 996, I 998). However, in rhe 
same study, CYP2E I could be detected at low levels and 
CYP286 could not be detected, while we obtained 
opposite results. These discrepancies could be attributed 
to differences in the methods used (RT-PCR vs. 
immunoblotting), or in the different antibodies used for 
immunoblotting in both studies . 

Our results showed char maternal smoking primarily 
modulated placental CYP!Al activity (ER.OD), while the 
influence of environmental contaminants on CYP I A I 
induction was not significant. This result does nor 
corroborate previous studies carried our in the population 
affected by the Yu-Cheng syndrome (Lucier et al. 1987; 
Wong et al. 1985), but it is consistent with data previously 
published in rhe unavik population with a smaller 
sample size. This result is fully discussed in a previous 
publication (Pereg er al. 2002). The frequencies of 
CYPIAI ·2a variants in rhe Nunavik population (I 5.3%) 
is similar to that reported for Asian populations (I 4%), 
bur surprisingly, the frequency for the CYP IA I '2c 
polymorphism (23.8% variants) was higher than expected, 
given the frequencies determined for three ethnic groups 
in a meta-analysis: Caucasians (0.6% variants), Asians 
(4.9% variants) and Africans (0% variants) (Garre et al. 
2001). However, placental CYP!AI (ER.OD) activity was 
not related to the newborn's characteristics at birch 
(weight, length, head circumference, foetal maturity), and 
neither the CYPIAl'2a or '2c variants had a significant 
effect on ER.OD activity or on foetal development, as it 
was suggested by Wang et al. (2002) . Nevertheless, the 
high frequency of CYPIAl"2a and *2c variants in the 
Inuit population should not be overlooked, given the 
known effects of these polymorphisms on cancer 
susceptibility (Hayashi et al . 1991 a; Hayashi et al. 1991 b; 
Kawajiri et al. 1993; Moysich er al. 1998) . 

In summary, these resu lts suggest char the effects of prenatal 
exposure to OCs and/or tobacco roxicants on intra-uterine 
development may not be solely mediated by mechanisms 
involving the induction of YPIAI in the placenta, and 
other pathways leading to toxicity should be investigated. 
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Unfortunately, the absence of detectable PROD (CYP2B6/ 
3A4) activity in our placenta samples prevents any further 
interpretation of the significance of placental CYP2B6 
induction with regards co environmental contaminants 

exposure and foetal development. Therefore, further studies 
are needed co compare our results co similar experiments 

carried out in other populations (Hakkola et al. 1996; 
Hakkola, et al. 1998) and to investigate the possible involve
ment of placental CYP2B6 induction in the mechanism of 
toxicity underlying the effects of maternal exposure to 
xenobiotics on foetal growth. These studies should include 
RT-PCR analyses of CYP mRNA expression in placenta, 
immunoblotting analyses on individual samples (ongoing) 
and a better assessment of CYP2B6 activity by the use of a 
more sensitive and specific technique. 
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Abstract 
Atmospheric measurements of persistent organic pollut
ants, including herbicides, pesticides, synthetic indusrrial 
compounds and PAHs, have been made on a weekly 
basis in the Canadian (Alert, Tagish, Kinngait [Cape 
Dorset]) and Russ ian Arctic (Duna i, Amderma) since 
January 1992. Long-term atmospheric trends were 
derived fo r PCBs and organochlorine pesticides (OCs) 
at Alert using a digita l filtration method as reported in 
the previous Synopsis of Resea rch. An update of these 
trends is given here with one addit ional year of data 
from 1998 . Different PCB co ngeners manifested 
d iffe rent rares of decl ine in air at Alert. To in vestigate 
the relationsh ip between the physical chemical properties 
of rhe congeners and their rates of decline observed at 
Alert, as well as those found at five sires in rhe Great 
Lakes region, G loboPOP, a global disrriburion model of 
POPs, was used to identify the dominant removal 
processes invo lved. Preliminary results are reported. The 
results of a special srudy measuring particle-bound 
PCDD/F concentrat ions in air ar Alert in rhe winter of 
2000-200 I will also be summarised. An ou tline of a 
plan to update the spatial analys is of PCB, OC and PAH 
co ncentrations in Arctic air is also described. 
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Key Project Messages 
I . Rates of decline of PCBs and OCs in arctic air became 

slightly slower, reflected by the slightly longer first 
order halflives, when 1998 data were added to the 
time series since 1993. 

2. Air concentrations of lighter PCB congeners and 
heprachlorinated PCB 180 showed slow rates of 
decline wh ile those of intermediate congeners stayed 
relatively constant. This may be attributed ro the 
difference in their physical chemical properties which 
are responsible for their fate in the environment. 

3. G loboPOP, a zonally averaged global distribution 
model for POPs, elucidated the atmospheric decline 
rates of PCB congeners at Alert, and at five Great Lakes 
sires as well. This model will be used to identify the 
dominant removal processes that drive the difference 
in atmospheric rates of decline of PCBs congeners. 

4. Particle-bound PCDD/F concentrations observed at 
Alert were lower than those found at other locations 
worldwide and episodic high concentrations in winter 
was influenced by airmass originating from Eurasia 
occurring within 5 days. 
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5. An updated spatial analysis of POPs in Arctic ai r will 

be conducted to investigate the difference in PCB and 

OC profiles observed at Arctic sites located in Canada 

and Russia. 

Objectives 
1. To measure and understand the occurrence and trends 

of selected organoch lo rines (OCs) and polycyclic 

aromatic hydrocarbons (PAHs) in the Arctic atmosphere 

and to determine whether concentratio ns are changing 

in response ro national and international initiatives. 

2. To provide insight into contaminant pathways 

(sources , transport, transformation and remova l 
processes) to the Arctic environment. 

3 . T o enable validation of models of toxic chemicals in the 

Arctic environment with atmospheric observations. 

4. To operate a major long-term trends measurement 

station at Alert, Nunavut (in ope rat ion since 1992) 

in parallel with other Arctic sires (e.g. Kinngait [east

ern Arctic] and weste rn Russia n Arctic sra cion 
[Amderma]} to advise Canadian negotiato rs in prepar

ing conram inanr control srraregies. 

Activities 

In 2001-2002 
I. Regular weekly atmospheric measurements of OCs 

and PAHs continued at Alert and Kinngait. This 

involved the collection, extraction and analysis of air 

samples. 

2. An exp lorato ry visit near Whitehorse, Yukon has 

identified Little Fox Lake as a new sa mpling site for 

operation in 2002-2003. This new site wi ll allow 

further exa mination of in cid ences of crans- pacifi c 

transport as was observed at Tagish in 1993- 1995. 

3. D ata analys is has been progressing well with the recent 

publicatio n of two articles describin g O C pes ti cid e 

trends at Alert (Hung er al., 2002a} and PC DD/F 

atmosp heri c co nce ntrati o ns at Alen (Hung er a l. , 

2002 b). A new co llabora tion was init iated w ith 

Dr. Frank Wan ia of th e U n ive rsity of Toronto to 

inves tigate removal pathways of PC B in the environ

ment usi ng a globa l model and data from the NC I' 

and !AO N progra ms. Arctic a ir data have now been 

com piled to undertake an updated spatial analys is. 

Results and Discussion 

Update of PCB and DC trends at Alert 
The seasonal cycles and trends (1993-1997) of selected PCBs 

and OC pesticides were derived by the digital filtration 

technique (OF) and repo rted in the Synopsis of Research in 

200 I. Since then, an add itional year of data from 1998 has 

become available and can now be included in the trend 

analysis. An example of the trend and seasonal cycles derived 

for endosulfan 1 is shown in Figure I. The gas phase air 

Figure 1. Increasing trend of Endosulfan I (1993-1998) 
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Table 1. Comparison of halflives of OCs and PCBs fo r periods of 1993- 1998 and 1993- 1997 

1993-1 998 1993- 1997 1993- 1998 1993- 1997 
OCs t,n (yr) r' t,n (yr) r' PCBs t,n (yr) r' t,n (yr) r' 

a-HGH 14 0.85 17 0.79 28 21 0.29 12 0.58 

-y-HGH 6.5 0.81 4.9 0.88 31 8.6 0.78 6.4 0.87 

1-chlordane 8.7 0.57 8.3 0.48 52 4.1 0.85 3.5 0.86 

c-chlordane 5.8 0.63 4.1 0.71 101 17 0.52 11 0.73 

1-nonachlor 8.3 0.68 6.2 0.71 105 450 < 0.10 ING < 0.10 

c-nonachlor 10 0.37 7.9 0.29 118 ING < 0.10 ING < 0.10 

heptachlor epoxide 8.0 0.72 6.3 0.72 138 ING 0.41 ING < 0.10 

dieldrin ING < 0.10 ING < 0.10 153 ING < 0.10 17 0.18 

endosulfan -5.5 0.33 - 5.2 0.25 180 5.8 0.73 4.4 0.78 
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concentration is expressed as rhe natural log of partial 
pressure (P). Table I shows the estimated apparent first order 
halAives (t½) determined from the regression slope (m) of the 
OF trend lines as follows: 

The ha!Aife of a compound is th e t ime required for the 
concentration of the co mpound to decrease to half irs 
o ri ginal va lue. With th e addition of one more year of 
data, it can be seen that the halAives of most of the PCBs 
and OCs increased slightly over previous estimates . 

PCDD/F in Arctic air 
Very little information is ava ilable on the atmospheric 
concentrations of polychlorinared dibenzo-p-dioxin and 
dibenzofurans (PCDD/F) in the Arctic environment. The 
only study was conducted by Schlabach et al. (1996) who 

had taken two composite samples (amounting to I 0000 
to 11000 m3 of ai r in each sample) during the spring and 
summer of 1995 at Ny-Alesund, Spitsbergen (78°55'N, 
11 °56'E). For a special study, weekly filter samples, 
representing airborne particles, at Alerr, Nunavut, 

(82°30'N, 62°20'W) co ll ected during the winter of 

2000-200 I have been analyzed for polychlorinated 
dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) (Hung 
et al., 20026). The filters collected from week 46 of2000 
to week 7 of 200 I (sampling dares are listed in Figure 2) 
were cut into approximately half for the purpose of this 
special stud y. One half was used for extraction and 

analysis of PCDD/Fs and the orher was used for the 
routine PCB/OC and PAH analysis. The sampling period 
coincided with the occurrence of Arctic Haze (December 
to Ap ril ) when airborne particulate concentrations are 
ge nera lly high at Alert. 

T he co ncentra ti ons of both LPCDDs and LPCDFs 
observed were lower than those found at Ny-Alesund 
(78°55'N, 11 °56'E) and other locations worldwide. This 

is attributab le to the remoteness of the site and the 
absence of anthropoge nic activities nearby. An apparent 
peak in concentrati ons occurred during the third week 
of2001 (15-22/1/2001) (Figure 2). Weekly averaged 
five-day Lagrangian back trajectories have shown that 

Alert was mainly affected by air originated from the North 
Atlantic and No rth America during the first week of200 I. 
The o rigin of the airmass shifted eastwards further into 
Russia and Eurasia durin g the second and third weeks 

when the air concentrations of PCDD/Fs peaked at Alert. 
During the fourth and fifth weeks, the inAuence from 
Eurasia decreased wh ile the North Atlantic sector regained 
dominance and PCDD/F concentrations tapered off. 

P. Blanchard 

In spite of the remoteness of Alert, congener profiles in 
most samples were enriched with PCDFs, corresponding 

to "source" profiles as suggested by Wagrowski and Hites 
(2000). Similar profiles were observed in air and tree bark 

at other Arctic locations . These profiles were probably the 
result of PCDD/F physical-chemical properties, which 
influence their transport behaviour between sources and 
receptors, as well as the unique Arctic environmental 
conditions. Therefore, the "source" and "sink" homologue 

profiles generally appl icab le to samples co ll ected at 
temperate sires cannot be applied to those collected in the 
high Arctic. 

Use of a global distribution model to explain PCB 
trends in the Arctic and the Great Lakes region 
As can be seen in Table I , the lighter PCB congeners and 
PCB-180 showed slow rates of decline, whereas rhe air 

concentrations of intermediate congeners stayed relatively 
constant. If remote air concenrracions reflect the race of 
overall global loss, this suggests that different removal 
processes control the loss of different PCB congeners on a 
global scale. PCB congeners also manifested different 
atmospheric rates of decline in the Great Lakes region under 
the Integrated Atmospheric Deposition Network (IADN) 
(Simcik er al ., 1999). The relative rates of decline between 

light and heavy congeners differ from site ro sire. Globo
POP, a zonally averaged global distribution model for 
persistent organic pollutants (Wa.nia and Mackay, 2000) , 
will be employed to assess the relative importance of PCB 
removal processes on a global scale. The purpose is to identify 
the dominant removal process for different PCB congeners, 
especially (I) atmospheric reaction with OH radicals, 
(2) transfer to deep sea, (3) fresh water sediment burial, and 

(4) microbial and (5) all other degradation. Congener
specific rates of decline from various locations are used to 
explore whether certain combination of model input param
eters can reproduce and explain the observed decline patterns 
at different sires. The most updated emission inventory data 
composed by Breivik et al. (2002a, b) will be used as input 
to the model. 

HalAives of different PCB congeners are estimated from 

trends determined by the OF method at five sites located 
in the Great Lakes region, namely Point Petre (1992-1998, 
Lake Ontario), Burnt Island (1993-1998, Lake Huron), 

Eagle Harbour (1991-1998, Lake Superior), Sleeping Bear 
Dune (1992-1998, Lake Michigan) and Sturgeon Point 
(1992-1998, Lake Erie). Although data are available up to 
the end of 2000 for the three latter sires, trends were only 

derived up to the end of 1998 for the purpose of 
comparison with the other sites as well as Alert . The 

GloboPOP model was then applied ro identify the 
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Figure 2a. Particle-Phase Concentrations of PCDDs observed at Alert 
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Figure 2b. Particle-Phase Concentrations of PCDFs observed at Alert 
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dominant removal processes for 8 PCB congeners at three 
different latitudes in the northern hemisphere, namely 
polar, boreal and temperate. The model was first applied 
with all five aforementioned removal processes in effect, 
then with on ly one of them in force while the other ones 
were nullified. The modelling results were also trended and 
halAives determined using the DF technique. 

Preliminary results have shown that the model with all 
the removal processes in effect elucidated the relative rates 
of decline of different congeners in very remote locations, 
such as Alert and Eagle Harbour (Lake Superior), fairly 
well. All the modelled t½ were within a factor of 3 of those 
deri ved from the measured resu lts (Hung er al., in 
preparation) . However, it should be noted that PCB 
trends are strongly site-dependent. Further study is 
required to exp lain rhe d ifferent patterns of trends 
observed at the other sites. Preliminary results of this 
study were presented at the 45th Annual Conference of 
the International Association for Great Lakes Research 
(IAGLR) in Winnipeg in June 2002. 

Spatial and temporal comparisons of Arctic 
air data from Alert, Dunai, Amderma and Kinngait 
Spatial comparisons of PCB, OC and PAH concentrations 
in Arctic air monitored under NCP have been reported 
by Stern et al. (1997), Halsall er al. (1998) and Halsall er 
al. (I 997), respectively. These three articles provided a 
comprehensive ove rview of data obtained berween 1992 
and 1994 for the stations of Alert on Ellesmere Island, 
Tagish in rhe western Yukon and Dunai in eastern Siberia, 
Russia. Over rime, more data has become available from 
various sires operated by NCP allowing the analysis of 
spatial trends to be updated. 

Multiple sires were operating simultaneously during rwo 
sampl ing periods, nan1ely from March 1994 to March 1995 
and from October 2000 to March 200 I. In I 994-1995, 
K.inngait on Baffin Island, Alert, Tagish and Dunai were 
running simultaneously. In 2000-2001, concurrent sites 
include Amderma in Russia, Kinngait and Alert. This 
updated spat ial analys is of POPs in Arctic air will provide a 
different perspective to the previous studies. It will cover sires 
in Arctic regions where data so far have been lacking bur are 
essential in documenting the effecriveness of international 
controls. These sires include Amderma, which is in close 
proximity ro industrial activity in Eastern Europe and the 
European region of the Russian Federation, and K.inngair, 
wh ich is located on the eastern side of the Canadian Arctic. 
This spatial comparison study is in progress and only 
preliminary results are summarized here. 

For Amderma, a selected set of 25 vapour phase samples 
co ll ected berween 1999 and 2000 showed that the DDT 
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group presented a different pattern than at the other sites. 
Technical DDT is made up of 80% p,p'-DDT and 20% 
o,p'-DDT (Ramesh et al., 1989). Once in the environment, 
rhe parent DDT compounds are metabolized (e.g. in soi l) 
ro p,p'-DDE and o,p'-DDE. At Alert, summertime DDT/ 
DOE ratios of the order of 1-1.5 have been observed 
indicating long-range transport sources with high 
proportions of metabolite DDEs. At Amderma, however, 
the DDT/DOE ratios were about 3. A larger DDT/DOE 
ratio has also been observed at Tagish in Western Canada 
and is linked to rapid trans-Pacific transport from Asia 
which occurred within five days (Bailey et al., 2000). Bailey 
er al. have used back-rrajecrories analyses to establish these 
links. Similar analyses will be performed for Amderma to 
cry segregating potential sources of elevated DDT 
concentrations at this sire. 

At all arctic stations, tri-substituted PCBs dominated the 
PCB air concentration profiles. Homologues at Amderma 
were more evenly distributed than for sires such as Alert and 
T agish. There were similarities berween Amderma and Dunai 
which are both Russian sites. The importance of penta
substituted PCBs for airmasses of Eurasian origin (Stern et 
al.,1997) was not observed with the current Amderma 
dataset. Although the absolute concentrations of PCBs at 
Amderma appeared to be similar to other Arctic sires, there 
were some differences in the homologue profiles. Further 
analysis of rhe data will focus on potential explanations for 
these differences. 
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Abstract 
An updated spatial analysis of persistent organic pollutants 
(PO Ps) in Arctic air, including data from sites at Alert on 
Ellesmere Island, Kinnga it on Baffin Island, Tagish in 
Yukon and Dunai in Russ ia between March 1994 and April 
1995, are presented. Atmospheric concentrations of most 

organochlorine pesticides (OCs) were found to be highest 
in spring at Alert and Dunai. This may be attributed t0 

chemica ls deposited on the snowpack over winter and 
revolat ilized during snowmelt in spring. Comparisons of 
air concentration ratios at Kinngait between 2000-2001 
and 1994-1995 with those estimated for Alert show that 
OC air concentratio ns seem to decline faster at Kinngait, 
probab ly due tO its proximity tO temperate regions where 
removal rates are faster. 

Statistica ll y significant Spearman co rrelatio ns found 
between indices representing atmospheric low-frequency 
fluctuat ions, such as the North Atl ant ic Oscillation 
(NAO) and the El Nino-Southern Oscillation (ENSO), 

and OC air concentrations observed at Alert and five 
G reat Lake sites suggest interactions between climate 
va riations and the globa l distribution of POPs. 
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Key Project Messages 
1. Air concenrrations of differenr organochlorine pesti

cides (OCs) observed at the four stations of Kinn gait, 
Alert, Tagish and Dunai during the same period in 

1994- 1995 differ among seasons. Spring average 
concenrrations of most OCs were similar at Kinngait, 
Alert and Dunai with slightly higher concentrations 
ar Dunai for some compounds and lowest concentra
tions at Tagish. For both fall and winrer, OC air 
concenrrations were highest at Kinngait which may 
be attributable tO the proximity of this site to eastern 
North American sources. 

2. Higher air concentrations of OCs in spring were 
observed at Alert and Dunai which may be due to 

chemicals deposited on the snowpack over winrer and 
revolatilized during snowmelt in spring. 

3. Strong association found between atmospheric low

frequency Auctuations, e.g. North Atlantic Oscillation 
(NAO) and the El Nino-Southern Oscillation 
(ENSO), and OC air concentrations observed at Alert 
and five Great Lakes sites suggests the inAuence of 
climate variation patterns on the distribution of these 
chemicals in air. 
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4. Strong link between -y-HCH air concentrations at 
Alert and the Pacific North American patrern (PNA) 
in spring may suggest enhanced vo latilization of 
Lindane (99% + -y-HCH), used in large amounts on 
rhe Canadian Prairies, according to increased surface 

air temperatures associated with PNA followed by 
transport to the Arctic. 

Objectives 
1. To measure and understand the occurrence and trends 

of selected OCs and polycyclic aromatic hydrocarbons 
(PAHs) in the Arctic atmosphere to determine 

whether concentrations are changing in response to 
national and international initiatives. 

2. To provide insight into contaminant pathways 
(sources, transport, transformation and removal 

processes) to the Arctic environment. 

3. To enable validation of models of roxic chemicals in the 
Arctic environment with atmospheric observations. 

4. To operate a major long-term trends measurement 
station at Alert, Nunavut (in operation since 1992), to 
contribute to the next assessments by the Northern 

Contaminants Program and the Arctic Moniroring and 
Assessment Programme, and to advise Canadian nego
tiators in preparing contaminant control strategies. 

Introduction 
Atmospheric measurements of POPs, including herbicides, 
pesticides, synthetic industrial compounds and PAHs, have 
been made on a weekly basis in the Canadian (Alert, Tagish, 
Little Fox Lake, Kinngait [Cape Dorset]) and Russian 
Arctic (Dunai, Amderma) since January 1992. Kinngait 
and Alert in Nunavut, Tagish in Yukon and Dunai Island 
in Russia were operating simultaneously from March 1994 
to April 1995. An update on the spatial comparisons of 
OC air concentrations and profiles from this concurrent 
sampling period are presented. Air samples were also 
collected at Kinngait and analyzed for POPs between 
Ocrober 2000 to April 2001. A discussion of how the air 
concentrations of these compounds have changed between 

1994-1995 and 2000-2001 as compared to Alert air 
concentrations will be given. 

A preliminary investigation on the influence of climate 
variation patterns, such as the El Nino-Southern Oscillation 
(ENSO), on POPs air concentrations observed at Alert and 
five IADN sites has been conducted. Results are swnmarized 
below. 
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Activities 

In 2002- 2003 
Regu lar weekly atmospheric measurements of OCs 
and PAHs continued at Alert. This invo lved the 
collection, extraction and analysis of air samples. 

The site of Little Fox Lake in Yukon was activated in 
July 2002, to quantify the change in the western 
Canadian Arct ic by comparison with observations 
made earlier at Tagish (December 1992 - March 
1995), will be decomm issioned in July 2003. 

Measurements at Kinngait, in the eastern Canadian 

Arctic, have been completed with the last samples 
collected in December 2002. 

Data analysis has been progressing well . In collabo
ration with Ors. Y.F. Li, J.M. Ma, S. Venkatesh and 
R.W. Macdonald, an article describing a mass 

balance model to estimate the historical budget of 
a-hexach lorocyclohexane (a-HCH) in the Arctic 

Ocean has been submitted to Science of Total Envi
ronment for consideration for publication. Two 
manuscripts are currently in preparation which 

describe: (1) the forecasting of PCB atmospheric 
trends in the Northern Hemisphere using the 
GloboPOP model, a zonally-averaged global trans
port model for POPs, the global PCB emission 
inventory and atmospheric PCB time trends at Alert 
and five Great Lakes sites (collaboration with 
Or. Frank Wania of the University of Toronto at 
Scarborough); (2) an investigation on the influence 
of climate variation patterns, e.g. North Atlant ic 
Oscillation (NAO) and the El Nino-Southern 
Oscillation (ENSO), on POP air concentrations 
measured under NCP and !AON (collaboration with 

Or. Jianmin Ma at MSC). Part of the resu lts from 
this study is presented below. 

Results and Discussion 

Spatial comparisons of DC concentrations 
at Kinngait, Alert, Tagish and Dunai 
The average rotal concentrations (gas + particle phase) 
of selected OCs observed at the four stations, Kinngait, 
Alert, Tagish and Dunai Island, during the 1994-1995 
concurrent sampling period are presented in Figure 1. The 
relative concentrations of different OCs differ among 

seasons (Figure J ). The spring average concentrations of 
most OCs were similar at Kinngait, Alert and Ounai, with 
slightly higher concentrations at Ounai for some, such as 
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Figure 1. DC seasonal average concentrations (a} spring (week 13-21 of 94), (b} summer (week 22-30 of 94), 

a) 

b) 

c) 

d) 

H. Hung 

(cl fall (week 31-42 of 94), and (d} winter (week 43 of 94- week 16 of 95). (Error bars for Kinngait in 1 c and 1 d 
represent errors involved in calculating seasonal averages from monthly composites rather than weekly 
samples at Kinngait.} 
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oxychlordane, r-nonachlor, heptachlor epox ide an d 
dieldrin, and the lowest concentrations were observed at 
Tagish. Among all four seasons, the atmospheric concen
trations of most OCs were highest in spring at Alert and 
Dunai. High spring air concentrations of polybromi nated 
diphenyl ethers (PBDEs) were observed in Southern 
Ontario and were attributed ro chemicals depos ited o n 
the snowpack over winter and then revolatil ized during 
snowmelt in spring, resulting in elevated air concentra

tions. (Gouin er al., 2002) A similar "spring pulse" for 
several OCs was most apparent at Duna i and least 
significant at Tagish. Lagrangian five-day back trajecrories 
(Olson er al., 1978) calculated every 6 h at 700 hPa 
(corresponding ro the elevation ofTagish at -2200 m) for 
each of rhe four seasons of 1994-1995 has shown chat 
88 to 96% of all trajecrories arriving at Tagish originated 
across the Pacific Ocean. Air coming inland might have 
diluted revolatilized OCs emitted from terrestrial surfaces 
at this sire. 

The concentrations of most OCs were highest at Kinngair 
compared ro other sites for both fall and winter (Figure 1) . 
However, OC air concentrations at Kinngait were similar 

throughout the rest of the year with a summer minimum, 
probably the combined result of fast summer biotic and 
abioric removal processes and the dilution effect of rela
tively clean air moving inland from the Arctic Ocean. 
Five-day back trajecrories calculated once every 6 h at 
925 hPa has shown that 53% of the trajecrories arriving 
at Kinngait in summer originated from across the Arctic 
Ocean. Yet, influence from N. America was most promi
nent in winter at this site. Due to its proximity to source 

regions in eastern N. America, OC air concentrations 

were highest at Kinngait in winter. Short travelling 
distances from source reduce the probability of removal 
by deposition, gaseous absorption and reactions along the 
transport pathway. 

Composite concentrations at Kinngait were calculated 
from the 2000-2001 weekly data for comparison with 
monthly composite concentrations measured during the 
same weeks in 1994-1995. "Now to then" ratios of 
2000-2001 ro 1994-1995 composite concentrations of 
the HCHs and chlordanes at Kinngait are presented in 

Figure 2. Similar rat ios of 1998-1999 to 1994-1995 
composite concentrations for Alert are also shown. Alert 

2000-2001 air concentrations are still under analysis and 
are not available at this time. The ratios at Kinngait were 
generally much lower than those at Alert, implying faster 
OC remova l at Kinngait. Despite the 2-year difference 
between the "now" data for the two sites, the atmospheric 
decline rates of OCs, expressed as halflives at Alert (Hung 
et al., 2001), cannot explain the difference between the 
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"now to then" ratios of the two locations. To confi rm this, 

air concentrations at Alert in 1998-1999 and 2000-200 1 
we re estimated us ing measu red concentrations in 1994-

1995 and halfl ives determi ned from OC trends at Alert 
between 1993 and 1998. The corresponding halfl ife
estimated ratios are presented in Figu re 2 for comparisons. 
It is believe that OC air concentrations seem ro decl ine 

faster at Kinngait because it is closer to temperate regions, 

where removal ra tes are usually faster. 

Preliminary investigation on the influence of 
climate variation patterns on POPs air 
concentrations at Alert 
North Atlantic Osci ll ation (NAO) and the El N ino
Southern Osc illation (ENSO) are dominant sources of 

the Northern Hemisphere climate variabi lity. T he NAO 
is an indication of the strength of westerly winds blowing 
across the North Atlantic Ocean between 40°N and 60°N. 
Such strength infl uences the surface ai r temperature (SAT) 
and balance of precipitation and evaporation across the 
Atlantic Ocean and rhe adjoin ing landmasses (Stenseth 
er al., 2002). During the positive NAO phase, warmer 
than normal spring seasons occur in western and central 

North America. Roughly reversed cond itions occur during 
the negative NAO phases when eastern and central North 
America experiences colder springs. 

ENSO is related ro the fl uctuations of tropical Pacific sea 
surface temperature (SST). During a warm ENSO event, 
considerably warmer equatorial surface waters extend 
from the international date line to the west coast of South 
America. Accordingly, warmer SAT extend from south
western Canada and north-western US to the Great Lakes 

from late fall to early spring, and cooler than normal SATs 
preva il over the same region during a cold ENSO phase 
(Halpert and Ropelewski, 1992). ENSO events are 
represented by the Multivar iate ENSO Index (MEI). 
Positive ME!s represent the warm ENSO phase (El Nino) 
and negative ME!s the cold ENSO phase (La Nina). 

To exp lore the influence of climate variations on POPs, 
Spearman rank-order correlations (Sachs, 1984) were 
determined between seasonally averaged air concentra
tions of selected POPs observed at Alert and five Great 

Lakes sites between Dec 1990 and May 2000, and the 
NAO and MEI indices in winter (Dec - Feb) and spring 
(Mar - May). Large-scale atmospheric teleconnections are 
most prominent during these two seasons. POPs selected 
are hexach lorocyclohexanes (HCHs), hexachl orobenzene 
(HCB), and the po lychlor inated b iphenyls (PCBs) . 
D ifferent compounds show statistica lly significant positive 
Spearman correlations with ENSO and MEI at diffe rent 

sires, indicat ing the interactions between cl imate 
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Figure 2. "Now to then" ratios for (al a-HCH, (b} -y- HCH, (cl t-chlordane and (d} c-chlordane 
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vari ations and the enviro nmental fate of POPs. At Alert, 
significant co rrelatio ns we re fo und for PCB 31 , 44 and 

138 with the spring AO, and PCB 28 with sp ring MEI 
which might be a reReccion of their relationships at lower 
latitudes . 

Spring -y-HC H ai r concentrations at Alert show a statistically 
signifi cant pos it ive co rrelati on with the Pacific North 
Ameri can pattern (PNA, Wallace and G utzler 1981) 

(r5 = 0.86, p = 0.0 1, N = 7) . The PNA is characterized by 
atmospheric Row in which the west coast of North America 
is out of phase with the Eastern Pacific and Southeasc Un iced 
States. During its positive phase, wavy Row occurs over the 
continent with increased temperatures and decreased 

storminess in the No rthwest and cold temperatures in the 
Southeast (N OA.A-CJ RES Climate Diagnostic Centre, http: 
//www.cdc.noaa.gov/Teleconnections/pna.hcml}. Si nce large 
amoun ts of Lindane is used fo r seed treatment in the 

Canadian Prairies (Wai te et al. , 2001), it is not surprising 
that -y-H C H air concentrations increase at Alert during the 
spring planting season towards the positive phase of PNA. 

Anomalous SAT increase in northwescern Canada at this 
time enhances the volat ilization of-y -H C H which is then 
transported co the Arctic. 

In the coming year, air mo nitoring for PO Ps ac Alert will 
co ntinue to prov ide us w ith mo re informati o n to 
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determine the spatial and temporal variabilities of these 
corn pounds in Arcti c air. Longer time series of POP air 
concentrations will enable che development of forecasting 
methods co predict chemical face in che long cerm and 
how changes in che phys ical environment, e.g. climate 
variations, would affect POP distribution. 
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Abstract 

Assessment of Spatial and Temporal Patterns 
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The objectives of this study are to compare the spa rial and 
temporal trends of HCH isomers in biotic and abioric 
samples. During the first year of this project, trends of HCH 
data in arcric biota (th ick-billed murre [ Uria lomvia] and 
rin ged sea ls [Phoca hispida]) were examined; HCH 
concentrations, including J3-HCH, were determined in water 
from the eastern Archipelago of the Canadian Arctic; and 
Henry's law constants (HLC) were determined for o.-, -y- and 
J3-HCH. T he variabi li ty in spatial and temporal trends 
between HCH isomers in biota suggests that reporting only 
the lHCH is nor appropriate for assessing these chemicals 
in the Arctic. Concentrations of o.- and -y-HCH in eastern 
Arch ipelago ocean water are lower than those in the Beaufort 

Sea and comparable to levels in the Northern Canada Basin 
and Bering-Chukchi seas. J3-HCH concentrations in the 
eastern Archipelago are 25 times lower than o.-HCH and 
4 times lower than -y-HCH. Concentrations of o.- and 
-y-HCH in air samples collected during the Tundra 
Northwest 1999 expedition and at Resolute Bay in summer 
1999 were similar to those reported for Alert in 1997. The 
Henry's law constant (HLC) determined for J3-HCH is 
20 times lower than for a-HCH. This lower HLC may lead 
to preferential rain scavenging of J3-HCH from the 
atmosphere during its transport across the North Pacific and 
subsequent delivery to the high Arctic by ocean currents 
rather than direct atmospheric deposition. This would delay 
the transport of J3-H CH to the Arctic and may in part 
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explain rhe delay in its decline. A re-evaluation of gas 
exchange in the western Arctic Ocean was done using the 
most recently determined HLCs. This assessmenc showed 
that o.-HCH was significantly oversaturated in the south 
Bering Sea and Beaufort Sea but nor different from air-water 
equilibrium in the northern Canada Basin and Chukchi Sea, 
whereas -y-HCH was undersarurared in all four regions. 
f3-HCH was nor distinguishable from equilibrium in the 
northern Canada Basin and Chukch i Sea, but showed 
oversaturation in the south Bering Sea and undersarurarion 
in the Beaufort Sea. 

Key Project Messages 
[3-HCH concentrations in surface water of the eastern 
Archipelago, sampled in 1999, are 25 times lower than 
o.-HCH and 4 rimes lower rhan -y-HCH. 

• The Henry's law constant (HLC) for 13-HCH 
(0.0030 Pa m3/mol at O'C) measured in fresh water 
is approximately 20 and 10 rimes lower than the 
HLCs of o.- and -y-HCH. 

Because of its lower HLC, f3-HCH may be preferen
tially scavenged by rain during air transport across rhe 
North Pacific, with the result that its delivery to the 
western Arctic Ocean may be via ocean currents rather 

than direct atmospheric deposition. 

• An assessment of gas exchange in the western Arctic 
Ocean, using the HLCs determined in this work, shows 
significant oversaruration (net volatilization) for 
o.-HCH in the south Bering and Beaufort seas, bur near 
air-water equilibrium in the Chukchi Sea and the 
northern Canada Basin. -y-HCH is undersaturated (net 
deposition) in all four regions. f3-HCH is oversaturated 
in the south Bering Sea, undersarurared in the Beaufort 
Sea, and near equilibrium in the other two regions. 

Objectives 
To assess rhe spatial and temporal patterns and trends of 
the o.-, 13- and -y-isomers of HCH in the arccic biotic and 
abiocic environment. Specifically: 
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Compare concentrations and ratios of HCH isomers 
over time in air, water, seals and seabirds to determine 

any shifts in isomeric ratios and how those shifts inter
relate among the various media. 

Compare concentrations and ratios of HCH isomers 
spatially in the abiocic and biotic media and explore 
reasons for any patterns. 

Introduction 
Hexachlorocyclohexanes (HCH) are pesticides chat have 
been manufactured as two predominant products: techni
cal HCH (60-70% o.-HCH, 10-15%-y-HCH, 5-12% 
[3-HCH) and lindane (-y-HCH) . Only -y-HCH displays 
significant insecticidal properties although f3-HCH and 
o.-HCH have been shown to disrupt endocrine processes 
(Kendall et al., 1998; Willett er al., I 998). The key 
physical properties that control the ultimate fare of HCH 
in the environmenc are high vo lariliry, low Henry's law 
co nsranc (HLC), low affinity for particles and resistance 
co degradation in co ld water (Ngabe et al., 1993). These 
physical-chemical properties result in che evaporation of 
HCH from temperate and tropical regions (Takeoka et 
al., 1991), dispersion through the atmosphere and depo
sit ion inco che Arctic. Partitioning of HCHs from air co 
water is favoured at lower temperatures (Kucklick et al., 
1991; Li et al., 2002; Sahsuvar et al., 2002) with rhe 
result chat concentrations of HCHs in the Arctic Ocean 
are typically an order of magnitude or higher than chose 
in tropical waters, although the distribution of HCHs in 
the Arctic Ocean is far from uniform. HCHs are the most 
abundant organochlorines in the Arctic Ocean, bur few 
measurements have been made for f3-HCH. 

Two significant drops in global technical HCH usage have 
been identified. In 1983, China banned the use of technical 
HCH and in 1990 India and the former Soviet Union have 
reduced or banned che use of technical HCH (Li et al. , 

1998a, b). Significanc drops in atmospheric o.-HCH in the 
Arctic were observed between 1982 and 1983 and again 
between 1990 and 1992 (Li et al., 1998a). No temporal data 
for f3-HCH are currently available. Concentrations of HCHs 
in arctic waters have a differenc trend from those in air. The 
strong partitioning of HCH from air to water means that 
water phases ultimately become more important reservoirs 
than the atmosphere, concain ing over 90% of the invencory. 
The result of the dramatic decrease in atmospheric HCH 
concentration is that the surface water in some ocean ic 

regions became undersaturated and therefore started co 
ourgas Qantunen and Bidleman, I 995, I 996). In other 
words, the concentration of o.-HCH (and probably f3-HCH) 
in arctic waters increased until around 1990-1992 and 
-y-HCH reached an equilibrium stage around 1993. Since 
contan1ination of the marine environment by HCH depends 
mainly on the concentration of HCH in water, concencra

rions of both o.-HCH and f3-HCH in arctic marine biota 
should show a decrease after 1992. 

When this project began, little was known about f3-HCH 
in the Arctic or how its HLC varied with temperature. 
f3-HCH is presenc at low levels in arctic air (Halsall et al., 
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1998; Hung et al ., 2002) and sea water (Li et al ., 2002) but 
is found in increasing concentrations at higher trophic levels 
al though the percentage of 13-H C H in 1 H C H does not 
increase smoothly with trophic level (M uir et al., 1988). 

Activities 

In 2001-2002 
An initi al report of 13 -H C H in h igh vo lume (H Y) water 
sa mpl es (I 00 L) from the TNW-99 expedition in the 

eastern Archipelago was presented last year (Braune et al., 
2001) . T hese results are now final ized and reported along 

with levels of o:- and -y- H C H in the HV samples. The 
H enry's law constant (H LC) of 13 -H CH as a function of 
temperature was reported last year (Braune et al., 200 I). 
D uring this year, a reassessment of gas exchange for the 
three H C H isomers in the western Arctic Ocean and 
marginal seas was do ne using these H LCs (Sahsuvar et 
al., 2002). T he spat ial d isuibu tion of 13-H CH in the 
western Arctic Ocean is qui te di ffe rent from o:-HCH, and 
a hypoth esis ro ex plain th e differences was constructed 
based on differential rain scavenging of the HCH isomers 

during atmospheric transport (Li et al. , 2002). 

Results 

New measurements of HCH isomers in Arctic 
marine waters 
H C H iso mers were determi ned in 6 HV (100 L) water 

samples collected in the eastern Archipelago on the Swedish 

Tundra Northwest-99 (TNW-99) expedition in July 1999. 
Preliminary results for 13-HCH in the HV samples were 
given in Braune et al. (200 1); these are finalized here for all 

the HCH isomers and compared to previously reported 
results for o:- and -y-HCH in low-volume (LY) samples 
(Braune er al., 200 I) in Table I. Average concentrations 
(ng/L) for al l high-volume samples collected in the region 
were 2.2 ± 0.2 ng/L o:-HCH, 0.086 ± 0.020 ng/L 13-HCH 
and 0.35 ± 0.07 ng/L -y-HCH. 

Measurements of HCHs in air on TNW-99 and 
at Resolute Bay 
High volume air samples were collected during rhe 
TNW-99 expedition (JO samples, July 1999) and also at 

Resolute Bay (20 samples, June - August 1999) using a 
glass fiber filrer-polyurerhane foam (PUF) sampler. Only 
the gas phase (PUF) was analysed, since very little HCH 

is typically found on aerosols. Air volumes were -500 m3 

on TNW-99 and -1300 m3 at Resolute Bay. 

Concentrations of o:- and -y-HCHs in these samples are 
listed in Table 2. These were close to annual mean values 
measured at Alert during 1997 (Hung et al., 2002). 
13-HCH was below the detection limit in the samples, 
with limits of < 0.1 pg/m3 at Resolute Bay and 
< 0.25 pg/m3 on TNW-99 (differences are due to the 
larger air volumes sampled at Resolute Bay). Concentra
tions below the detection limit are consistent with a 
reported mean of only 0.089 pg/m3 at Alert in 1997, with 
somewhat higher values in 1994-96 (0.13-0.36 pg/ m3, 

Hung et al. , 2002). 13-HCH was measureable at Alert 
because of the larger air volumes sampled in the routine 

monitoring program. 

Table 1. HCHs in high-volume (HV) and low-volume (LV) surface water samples from TNW-99, ng/L 
o:-HCH o:- HCH 13-HCH -y -HCH 

Location HV Samples ~ ~ ~ ~ 

Hudson Stra it• 

Foxe Channel' 

Foxe Ba sin 

Gulf of Boothia 
• Braune et al. , 2001 , 33 total samples 

b Duplicate samples 

2.4-2.5 2.8 ± 1.0 

2.0-2.1 2.3 ± 0.4 

2.2 2.7 ± 0.5 

2.0 2.9 ± 0.7 

Table 2. HCHs in air samples from TNW-99 and Resolute Bay, pg/m 3 

Compound TNW-99 

o:- HCH 42.4 ± 9.9 

13-HCH 

-y-HCH 

Annual mean, Hung et al. (2002) 
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< 0.25 

10.4 + 2.0 

0.062-0.072 

0.079-0.083 

0.11 

0.11 

Resolute Bay 

43.9 ± 11.2 

< 0.1 

7.4 + 2.9 

0.32-0.39 

0.28-0.29 

0.34 

0.48 

-y-H CH 
LV 

0.28 ± 0.09 

0.21 ± 0.03 

0.21 ± 0.01 

0.31 ± 0.06 

Alert, 1997' 

47 

0.089 

6.4 
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Re-evaluation of a- and -y -HCH gas exchange 
in the western Arctic Ocean and estimation of 
(3-HCH exchange 
Gas exchange of o.- and -y-HCH was previously estimated 
for the Bering-Chukchi seas in 1993 Qanrunen and 
Bidleman, 1995) and che northern Canada Basin in 1994 
Qantunen and Bidleman, 1996) from paired air and water 
concentration measurements. Maps showing the locations 
of the measurements are shown in these publications. The 
exchange was estimated using rhe H LCs of Kucklick et al. 
(I 991) and indicated oversacuracion of o.-HCH and near
equilibrium conditions for -y-HCH. A new set of HLCs 
was determined in this work (Braune et al., 2001; Sahsuvar 
et al., 2002) which includes all three HCH isomers. The 
new HLCs (Sahsuvar et al., 2002) of o.- and -y-HCH at 
20°C are 30-40% lower than Kucklick's values bur agree 
with those reported by Jantunen and Bidleman (2000) . 

The new HLCs were applied to re-evaluate rhe gas 
exchange in the south Bering Sea and the Chukchi Sea 
(stations 1-15 and 43-61, in Jantunen and Bidleman, 
1995), the northern Canada Basin (stat io ns 7-35, 
Jantunen and Bidleman, 1996) and che Beaufort Sea. In 
the case of J3-HCH , this is the first estimate of air-water 
gas exchange. Calculacions were made using regionally 
averaged concentrations of o.- and -y-HCH in air and 
surface water in the south Bering and Chukchi seas and 
northern Canada Basin Qantunen and Bidleman, 1995, 
1996; Kalhok er al., 2002; Li et al., 2002). oncentra
rions of o.- and -y-HCH in air over the Beaufort Sea were 
assumed to be the same as for the northern Canada Basin. 
13-HCH was not measured in air on any of the expedi
tions, so the June - September mean concentrations from 
air monitoring stations at Alert and Tagish (Hung et al., 
2002 and personal communication) were averaged and 
used for gas exchange calculations in all regions. Concen
tration and temperature data for these estimates are 
summarized in Table 3, from Sahsuvar et al. (2002). 

Fugaciries (partial pressures, Pa) of the HCHs in air (f) 
and water (f) were calculated according to published 
relationships Uantunen and Bidleman, 1995, 1996). The 
water/air fugaciry ratio (FR) is: 

FR= f)f, = C.HIC,RT, 

where C, and C. are concentrations of the HCHs in air and 
surface water (mol -m '), T , (K) is the air temperature, H is 
the HLC (Pa m3-mol 1) at the su rface water temperature (K) 
and R = 8.31 Pa m'•mol 'K. Values of FR > 1.0, FR < 1.0 
and FR = 1.0 correspond to oversaturarion (net volatiliza
tion), undersacuration (nee deposition) and air-water 
equilibrium, respectively. The calculacions were made for lace 
summer conditions U uly - September), correspondi ng to 
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the months of the expedi tions in 1993-94, and the air and 
surface water temperatures were taken from those publica
tions Qantunen and Bidleman, 1995, 1996). Temperature 
conditions for the Beaufort Sea were assumed to be the same 
as in the northern Canada Basin . Uncertainties in the FRs 
were estimated as described by Sahsuvar ec al. (2002). 

No adjustments were made for the effect of sa linity. 
Generally, HLCs are higher in seawater due to the salting
out effect (De Wulf et al., 1995; Ri ce ec al., 1997). 
Kucklick et al. (I 99 1) found that H LCs for o.- and 
-y-HCH were - 60-220% higher in artificial seawater of 
35 parts-per-thousand salinity than in deionized water at 
35°-45°C, 5-7% higher at 23°C, bur nor significantly 
different ac 10°C nor 0.5°C. Atlas et al. ( 1982) reported 
an HLC for o.-HCH in seawater at 23° that is about half 
the distilled water value. 

Table 3 (Sahsuvar et al., 2002) gives mean FRs for the 
HCHs in the four northern regions and the propagated 
standard deviations . Significance of differences from 
equ ilibrium (FR = 1.0) were assessed for the mean FRs 
using a t-test at p = 0.05. In most cases the numbers (n) 
of water and air samples used to ca lculate mean FRs in 
each region differed; e.g. 19 water samples and 7 air 
samples in the Chukchi Sea. The n-value used in the 
c-resrs corresponded to the lowest for the water-air pair; 
e.g. 7 for the Chukch i Sea. 

Differences in the nee gas exchange direction of o.-HCH 
and -y-HCH were predicted using the HLCs determined 
in chis work (Sahsuvar et al. , 2002) and those of Kucklick 
et al. (1991 ), which were employed in previous gas 
exchangeestimaces Qantunen and Bidleman, 1995, 1996). 
Using the results determined here, o.-HCH was signifi
ca ntly oversarurated (FR> 1.0) in the south Bering Sea 
and Beaufort Sea but not different from air-water 
equilibrium in the other two regions; -y-HCH was 
undersaturaced (FR < 1.0) in all four seas. Oversaturacion 
or equilibrium cond itions for o.-HCH are consistent wich 
observed enantiomer fractions (EF) in air simi lar to those 
in surface water, demonstrating transfer of water-derived 

et-HCH from sea to rhe air boundary layer Qantunen and 
Bidleman, 1996; Ridal er al., 1997). Employing the HLCs 
of Kucklick et al. ( 1991 ), o.-HCH was significantl y over
saturaced in all four regions and -y-HCH was near 
air-water equ ilibrium . This exerc ise demonstrates chat 
differences of 2-3 fold in the HLC can have profound 
effects on gas exchange predictions when rhe system is 
close to equ ilibriu m. 

The FR ofJ3-HCH was not distinguishable from equilibrium 
in the northern Canada Basin and Chukch i Sea, but showed 
oversaruracion in the south Bering Sea and undersacurarion 
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Table 3. Water/air fugacity ratios (FR) of HCHs in northern regions, 1993- 94 

a-HCH a-HCH FR FR 13-HCH 13-HCH FR -y -HCH 

T, K T , K C , ng/m' C, ng/m' This work' Kucklick' c •. ng/m3 c,, ng/m3 This work' c., ng/m' 

South Bering Sea 

Mean 283 283 1990 0.100 1.34 2.14 160 0.00034 1.84 450 

s.d. 390 0.023 0.48 0.77 48 0.00033 1.90 120 

Samples 14 14 26' 57, 14 

Chukchi Sea 

Mean 276 276 2120 0.072 0.99 1.64 246 0.00034 1.33 440 

s.d. 550 0.008 0.35 0.57 42 0.00033 1.33 88 

Samples 19 7 2 57, 19 

Northern 
Canada Ba sin 

Mean 273 272 2430 0.064 0.89 1.49 176 0.00034 0.63 480 

s.d. 220 0.017 031 0.52 55 0.00033 0.66 110 

Samples 12 14 7 57' 12 

Beaufort Sea 

Mean 273 272 4930 0.064 1.81 3.04 140 0.00034 0.50 600 

s.d. 990 0.017 0.70 118 42 0.00033 0.52 138 

Samples > 50' 14 8' 57' > 50' 
• Using the HLCs determined in this work (Braune et al. , 2001 ; Sahsuvar et al. , 2002) or by Kuckhck et al. (1991). Balded values are significantly different (p < 0.05) from FR= 1.0 

• Weekly air samples at Alert and Tagish, June - September 1993- 94 

' Compilations by Kalhok et al. , 2002 and U et al., 2002 for the Beaufort Sea and western Canadian Archipelago, standard deviations estimated (Sahsuvar et al. , 2002) 

-y -HCH FR FR 
c,, ng/m' This work' Kucklick' 

0.024 0.52 1.03 

0.0 10 0.28 0.59 

14 

0.020 0.31 0.73 

0.010 0.18 0.43 

7 

0.015 0.30 0.75 

0.009 0.21 0.52 

14 

0.015 0.38 0.94 

0.009 0.26 0.65 

14 



in the Beaufort Sea (Table 3) . The uncerta inty in the 
~-H H FRs was larger due to the small number of water 
samples (especially for the Chukchi, where n = 2) and the 
larger standard deviation of air concentrations. 

Transport of 13-HCH to the Arctic Ocean: a contrast 
to a-HCH 
The spatial disrributions of a-HCH and ~-H H in 
northern waters are quite different. Concentrations of 
a-HCH in surface water increase from the Bering Sea into 
the Canada Basin and are highest in the Beaufort Sea, 
whereas ~-HCH concentrations peak in the Chukchi Sea 
and fall off at more northern latitudes (Li er al., 2002). New 
insight to pathways by which rhe two HCHs reach the 
western Arctic Ocean is provided by examining the inAuence 
of their different HLCs on atmospheric transport and 
deposition. The HLC of ~-HCH is about 20 rimes lower 
than for a-HCH; in other words, gaseous ~-HCH is 
20 times more soluble in water. A simple mechanism is 
suggested ro explain the apparent large difference in 
distribution between a-HCH and ~-HCH in the upper 
ocean of the North Pacific and the Canada Basin. 

Emitted into the atmosphere from Asian source regions 
during the 1970s and 80s, both HCHs became separated 
during their journey northward. a-HCH was transported 
by both air and ocean currents; the air component arrived 
quickly in the Arctic where the a-HCH dissolved into 
the cold surface water. Being more soluble than a-HCH, 
~-HCH was preferentially deposited into rhe orth 
Pacific by rain and exchange with ocean surface water 
before it had a chance to reach the high Arctic, and ocean 
currents then finished the job of delivering it co che 
Canada Basin. Evidence for removal of ~-HCH en route 
is also given by its depletion in high arctic ai r relative to 
a-HCH (Halsall et al., 1998; Hung et al., 2002). 

Because of this difference, delivery of ~-HCH to che 
Canada Basin lagged a-HCH by perhaps a decade or 
longer and the highest concentrations during che lace 
1980s and mid-1990s were observed in marginal seas 
rather than in the high Arctic. ~-HCH is highly persistent 
in seawater and its deposition into che North Pacific does 
not ulcimacely protect che Arctic Ocean but on ly delays 
che input and alters its spacial distribution. 

A scenario constructed along this hypothesis (Li et al. , 2002) 
suggests chat loading pathways of HCHs to che Canada 
Basin have changed over time. In 1980, direct atmospheric 
deposition and advecrion by ocean currents through rhe 
Bering Strait concribuced abouc equal proportions of a-HCH 
to the Canada Basin (49% and 51 %, respectively). By 1995, 
atmospheric deposition of a-HCH dwind led due co 
declining air concentrations caused by elimination of 
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technical HCH usage in C hina, and Aow through the Strait 
took over as the major supply route, del ivering 90% of 
a-HCH input. Direct atmospheric deposition was always a 
minor pathway for ~-HCH loadings to the Canada Basin, 
delivering only 20% of the total inpu t in 1980 and 2% in 
1995. For th is isomer, che dominant pathway was always 
Aow through che Bering Stra it. 

Discussion and Conclusions 
A review and evaluation of che existing abiocic and biotic 
data for HCH isomers was presented in Braune er al. 
(2001). Th is project has shown chat che spacial and 
temporal trends of concentrations and relative proportions 
vary among HCH isomers, among species and among 
populations of seabirds and marine mammals. Future 
work on HCH shou ld consider all isomers and not just 
1HCH. The results also support che continued monitor
ing of organochlorine contaminants in a number of 
species and at a number of locations . ~-HCH concentra
tions are much lower tha n a- and -y-HCH in Canadian 
Arctic waters. T he low water concen trat ions support 
conclusions chat higher levels of ~- HCH in organisms 
are due to che recalcitrant nature of this isomer. The HLC 
of ~-HCH is an order of magnitude lower than a- and 
-y-HCH. Because of its higher affinity for water, transport 
of ~-HCH co the western Arctic Ocean may have taken 
place primarily via ocean currents rather than direct 
atmospheric deposition. Thus, migration of ~-HCH to 
che Arctic and oucgassing from Arctic Ocean waters wi ll 
be slower than for the other HCH isomers. This will 
likely result in delays in the decline of ~-HCH in rhe 
Arctic envi ronment, and advocates mo re arrenrion to this 

isomer in future studies in rhe Arctic. Identification of a 
predominantly oceanic pathway fo r ~- HC H suggests chat 
ocean transport may be important for other chemicals 
which share similar physicochemical properties of fairly 
high water solubility and long persistence in che aquatic 
env ironment. 
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Abstract 
Global emission inventories for DDT, toxaphene and 
endosulfan have been created, and the linkages between the 
trends of global emissions for these organochlorine pesticides 
(OCPs) and their concentrations in the Arctic atmosphere 
have been studied. The total production of DDT was 
estimated to be about 5,000 kc between the 1940s and 2000. 
The usage, residue, and emission of DDT in 2000 were 0. 1, 
132, and 4 kc, respectively. The total application of toxaphene 
was about 1,330 kc between I 947 and 2000. The usage, 
residue, and emission of toxaphene in 2000 were 0.09, I 00, 
and 1.2 kc, respectively. The total global use of endosulfan 
was around 338 kc between 1954 and 2000. The usage, 
residue, and emission reached to about 12.5, 0.08, and 5.7 kc 
in 2000, respectively. Global endosulfan emissions and the 
air concentrations of cx-endosulfan in the Arctic were strongly 
correlated between 1987 and 1997 with correlation coefficient 
r2 = 0.75, giving the evidence chat the atmospheric long-range 
transport is a major pathway to bring cx-endosulfan from the 
source regions to the Arctic air. le has also been found chat 
the air concentrations of iDDT and Ltoxaphene in the 
Arctic were also strongly linked to their global emissions 
respectively, indicating chat most DDTs (DDT and its 
metabolites) and most toxaphene congeners in Arctic air were 
directly transported from source regions through atmospheric 
long-range transport, which, however, may not be true for 
each DDT metabolite or each toxaphene congener. 
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Key Project Messages 
I. The total production of DDT was estimated to be 

about 5,000 kc between the 1940s and 2000. Total 
usage in agriculture was estimated co be around 
2,400 kc, and around anocl1er 2,000 kc used for public 
health purpose. 

2. The total application of toxaphene was estimated to 
be about 1,330 kc between 1947 and 2000. 

3 . The total global use of endosulfan for crops was esti
mated co be 338 kc between 1954 and 2000. 

4. Global endosulfan emissions and the air concentrations 
of cx-endosulfan in che Arctic were strongly correlated 
between 1987 and 1997. The air concentrations of 
iDDT and Ltoxaphene in the Arctic were also strongly 
linked to their global emissions. 

Objectives 
I. To create global gridded inventories for DDT, toxaphene, 

and endosulfan. 

2. To study the link between global emissions for these 
OCPs and che concentrations of these OCPs in the 
Arctic atmosphere. 
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Introduction 
During the last decade, a number of studi es have been 
devoted to quantifying th e sources and em iss ions of 
Persistent Organic Pollu tants (PO Ps) at regional and 
global scales. Organochlorine pesticides (OCPs) in which 
ca rbon and ch lo rin e are combined, make up a major 
portion of PO I's. T here is considerab le evidence that 
OCPs circulate global ly and accumulate in remote areas 
like the Arctic, and have attracted intern ational concern 
(Macdonald et al. , 2000). 

Due to their long-range transport potential and harmful 
effects on man and wildlife, international agreements are 
now coming into effect co red uce future environmental 

burdens of POPs. One such agreement is the 1998 Aarhus 
Protocol on POPs under the 1979 Geneva Convention 
on Long-range Transboundary Ai r Pollution (UNECE, 
1998). The overall and long-term goal of the Aarhus 
Protocol on POPs is to eliminate any discharges, emissions 
and losses of POPs to the environment. At present, the 
Protoco l focuses on a list of 16 substances, 11 of which 
are OCPs, wh ich are aldrine, dieldrine, endrine, 
chlo rdane, DDT, heptachlore, hexachlorobenzene (HCB), 
mirex, ch lordecone, lindane, and toxaphene. 

The other recent international agreement is the Stockholm 
Convention on POPs, which will eliminate or at least 
control 12 POPs, 9 of which are OCPs, which are aldrine, 
dieldrine, endrine, ch lordane, DDT, heptachlore, 
hexachlorobenzene (H CB), mirex, and toxaphene (UNEP, 
2003). W ithin these conventions, the establishment of 
emission inventories fo r POPs are mandatory and provide 
the basis for further emission reductions among Parties 
(e.g. UNEP, 2001). Furthermore, emission data and release 
estimates are also used by modellers, who aim to under
stand and predict source-receptor relationships for POPs 
at regional (e.g. Van Jaarsveld et al., 1997; Cohen et al., 
2002) and global scales (e.g. Wania et al., 1999; Wania and 
Daly, 2002). 

Knowledge about sou rces and releases (emissions) of POPs 
in to the envi ronment are therefore essent ial if environ

mental burdens are to be minimized in a cost-efficient 
manner, and if quantitative source-receptor relationships 
at regional and global scales are to be established. 

The objective of this project is to create global emission 
in ventori es for DDT, toxaphene, and endosulfan, and to 
find out the sources and pathways of these OCPs entered 
into the Canad ian Arctic system. 
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Activities 

In 2001-2003 
In order to develop DDT, toxaphene, and endosulfan 
emission inventories, a large amount of data, such as 

production, usage, registration status, and use modes, 

have been searched and collected. The Simplified Gridded 
Pesticide Emission and Residue Model (SGPERM, Li er 
al., 2003) has been applied to created emission inventories 
for these pesticides. The links between global emissions 
and the air concentrations in rhe Arctic for these OCPs 
are also studied. 

Results 

DDT 
The organochlorine pesticide DDT was one of rhe first 
synthetic chemicals to be produced in large quantities, 
and one of rhe most widely used chemicals for conttolling 
insects on agricultural crops and controlling insects that 
carry such diseases as malaria and ryphus. DDT is also 
one of a few organochlorine pesticides that are still 
allowed to be used in many countries to control malaria 
and ryphus. 

As of 1995, DDT has been banned in 59 countries, 
severely resrricred in 20 countries, never registered in 

2 countries, unregistered and voluntarily withdrawn by 
manufacturer in I country, and nor banned in 13 coun
tries. The total ptoducrion of DDT was estimated to be 
about 5,000 kr between 1940s and 2000. Total usage in 
agriculture was estimated to be atound 2,400 kr, and 
around another other 2,000 kr for public health purpose. 
The remaining 600 kt was used on livestock and forests. 
The top 7 countries with the highest DDT use between 
1948 and 2000 are listed in Table I. The total usage in 
these 7 countries was around 2,400 kr, almost half of the 
total global production. 

DDT is one of the most persistent organochlorine pesti
cides. The half-life of DDT in soil is 2 to 15 years in the 
USA (US EPA, 1986; Augustijn-Beckers, et al., 1994) and 
ranges from 18 to 20 years in Canada's southern mainland 
(Spears, 200 l ). Concentrations of DDTs ranged from 
0.6 to 15.8 ng/L in the water column off rhe Palos Verdes 
Peninsula, CA, USA in 1997, rhe source of which is 
sediments contaminated by DDT more than 20 years ago 
(Zeng et al., 1999) . 

Figure I depicts temporal trends of DDT in usage, emis
sions, and residues due to agricultural applications from 
1945 to 2000. It shows that the total global use, emissions, 
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Table 1. Top 7 countries with highest DDT use (kl) in between the 1940s and 2000 

Country Agri culture Public health Total Year of ban in agriculture 

United States 590 590 1972 

India 75 340 415 NA 

Former Soviet Union 320 320 1971 

Indonesia 0.7 290 290 

China 260 20 280' 1983 

Mexico 180 100 280 NA 

Brazil 106 100 206 1998 

Total 2380 

• Total production between 1952 and 1983 was 270 kl 

Figure 1. Temporal trends of DDT usage, emissions, and residues due to agricultural applications from 1947 to 2000 
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and residues of DDT have decreased continuously since the 

end of the 1960s and the beginning of the I 970s. During 
this period, total usage in agriculture and emissions were 

around 2380 kc and I 090 kc respectively. The sharp global 
decrease in use started in 1966 and was driven by decreases 
in use and/or bans on DDT in the USA and other western 
countries. The emissions reached a peak point of35 .7 kc in 
I 966, then decrease continuously, to around 4 kc in 2000. 
Residue peaked at 710 kc in 1969, then decreased continu
ously, to around 132 kc in 2000. 

Widespread use and atmospheric transport of DDT 
account for its ubiquitous global distribution. Due to 
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DDT's high vapour pressure it may evaporate from plants 
and so ils fol lowing application. Subsequently, it attaches 
itself to suspended particular matter char can be trans
ported great distances (thousands of kilomerers) and is 
ulrimarely deposited by precipitation and dusrfall. DDT 
has been detected in virtually all environmental media 
and in human tissues throughout the world, including 
remote regions such as the Arctic. Figure 2 shows trends 

of globa l DDT emissions due to the use in agriculture 
between 1945 and 2000 and down-core profiles of DDT 
in slices of a laminated sediment core from Devon Island , 
Nunavut (Lockhart er al. , 2000). The correlation coeffi
cient between the emissions and the down-core profiles 
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Figure 2. Trends of global DDT emissions due to the use in agriculture between 1945 and 2000 and down-core profiles 
of DDT in slices of a laminated sediment core from a lake located in Devon Island (75°34' N and 89°19' W), 
Nunavut {Lockhart et al., 2000) 
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is r2 = 0.63. This indicates that atmospheric long-range 
transport is responsible for DDT contamination of the 
lakes in Canadian Arctic. The increasing concentration 
observed in the co re during the 1990s may be attributed 
in part to heavy use of DDT for vector control in Mexico 
during 1990s. 

Figure 3 depicts temporal trends in concentrations of DDT 
in the Canadian Arctic air (the squares) and the calculated 
global emissions of DDT (the curve) from 1985 to 2000. 
It turns our that the correlation between Arctic air concen
tration and the global emissions of DDT is quite strong 
(r2 = 0.80), indicating that atmospheric long-range trans
port has played a very significant role in bringing DDT 
from source regions ro Arctic air. 

Toxaphene 
Toxaphene is a com plex mixture of polychlorinated 
bornanes (CHBs) and camphenes. It is also referred to as 
camphechlor or polychlorinated camphenes (PCCs), 
although CHBs is preferred as a generic designation (Muir 
et al. , 1993). The theoretical number of different chlori
nated compounds is - 16,000 (Vette r, 1995), but only a 
few hundred have environmental significance. 

As of 1995 , toxaphene has been banned in 55 countries, 
severely restricted in 20 co untri es, never registered in 
2 cou ntries, never used in 1 cou ntry, unregistered and 

voluntarily withdrawn by manufacturer in 4 countries, 
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and not banned in 21 countries. This information should 
be used only as a general indication of status in the coun
try. In cases where the product has not been specifically 
noted as banned or prohibited, it has been assumed that 
the product is in use. According to the survey done by 
UNEP for the POPs convention negotiations, toxaphene 
manufacture has ceased in recent years. 

Toxaphene had been used as a pesticide since 1947, and 
was one of the most heavily used pesticides on a global 
basis, with an estimated cumulative usage of (1.33 million t 
(Voldner and Li, 1995). Table 2 lists the top 10 countries 
with the highest toxaphene use between 1947 and 2000. 
The United States consumed the highest amount of 
toxaphene in the world (440 kt), followed by the former 
Soviet Union (254 kt). 

Figure 4 shows temporal trends of toxaphene usage, emis
sions, and residues from 1945 to 2000. During this period 
of rime, total usage in agriculture and emissions were 

around 1330 kt and 400 kt respectively. The sharp 
decrease of usage starred in 1976 (from 66 kt in 1975 to 
38 kt in 1976) and was due to the decrease of toxaphene 
use in USA (from 37 kt in 1975 to I 3 kt in 1976 [Li, 
2002]) and other western countries. The usage in 2000 
was around 0.09 kt. Residue reached a peak of 390 kt in 
1975, then decreased continuously, to around l 00 kt in 
2000. The emissions reached a peak of 19.5 kt in 1974, 
then decreased continuously, to around 1.2 kt in 2000. 
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Figure 3. Temporal trends in concentrations of DDT in the Canadian Arctic air (the squares) and the calculated global 
emissions of DDT (the curve) from 1985 to 2000 (sources of air concentration data: data for 1988, Patton 
et al. [1991]; data for 1993 and 1994, Halsall et al. [1998]; data for 1995-1997, Hung et al. [2002]) 
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Table 2. Top 10 countries with highest toxaphene use 
between 194 7 and 2000 
Country Usage {kl) 

United States 440 

Former Soviet Union 254 

Mexico 71 

Egypt 55 

Brazil 50 

Nicaragua 48 

Syria 33 

France 26 

Columbia 23 

Germany 22 

Figure 5 shows temporal trends in concentrations of toxa

phene in the Canadian Arctic air (the bars) and the estimated 
global emissions of toxaphene (the curve) from 1985 to 

1995. The estimated emissions of roxaphene are generally 
consistent with the concentrations of toxaphene in Canadian 
Arcric air in the summer. The correlation berween Arctic air 

concentrations in summer and global emissions of toxaphene 

berween 1986 and 1993 (r' = 0.82) is stronger than that 
between Arctic air concentrations in summer and emissions 
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from toxaphene residues in US soil (r' = 0.76) (Li et al. , 

2002), indicating the existence of other sources from regions 
outside the USA. 

Endofulfan 
Endosulfan was first introduced in the 1950s as a pesticide 

for use on a wide variety of agricu ltu ral crops Qoinr 
Canada-Ph ilippines Planning Comm ittee, 1995; Sang 

and Sanya, 1999). Cumulative global use of endos ulfan 
for crops is estimated ro be 338 kr from 1954 to 2002. 
The average annual endosulfan consumption in rhe world 

is estimated to be I O kt from I 980 ro I 989 and I 3 kr 

from 1990 to 1999. This data corresponds to WHO's 
report of worldwide production at I O kr in the 1980s 
(WHO, 1984) and also agrees with the reported 12 ro 

13 kr production in the 1990s Qoinr Canada-Ph ilippines 
Planning Committee, 1995). The top 10 countries with 

highest usage are listed in Table 3 . India is the largest 
consumer of endosu lfan in the world fo ll owed by the 

Un ited States. The total use is estimated to be 11 3 kc in 
India from 1958 to 2002, and 26 kr in the Un ited Stares 

from 1954 to 2002. Large quanrities of endosulfan, 
approx imately 0.9 kr, are used in Austral ia each year 
(NRA, 1998). 
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Figure 4. Temporal trends of toxaphene usage, emissions, and residues from 1945 to 2000 
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Figure 6 depicts rem poral trends of endosulfan usage, 
emissions, and residues from 1954 to 2000 . During this 
period of time, total usage and emissions were around 
338 kr and 145 kr respectively. Usage, emission, and 
residue reached to around 12.5, 5.7, and 0.08 kr in 2000, 
respectively. 

Endosulfan enters the air, water and soil when it is 
manufactured or used as a pesticide. Endosulfan has been 
detected in all environmental compartments including 
humans and in remote areas such as the Arctic. Figure 7 
shows temporal trends in concentrations of endosulfan I 
(a-endosulfan) in Canadian Arctic air (the shadowed bars) 
and the calculated global emissions of endosulfan (the 
curve) from 1985 to 2000. The correlation between Arctic 
air concentrations of endosu lfan I and global emissions 
of total endosulfan is quire strong (r2 = 0.75), indicating 
the major pathway for endosulfan I entering Arctic air is 
atmospheric long-range transport. 

Discussion and Conclusions 
A large amount of data, such as production, usage , 
registration status, and use modes, have been searched 
and collected. T he Simpli fied Gridded Pesticide Emission 
and Residue Model (SGPERM) has been applied to 
emissions and residue inventories for DDT, roxaphene, 

and endosulfan. The total global usage of DDT between 
the 1940s and 2000 was estimated to be around 5,000 kt, 
and aro und J ,090 kr were emitted to the atmosphere due 

Y-F Li 

70 

90 

80 

70 

60 g 
"' 50 
0 -~ 
~ 40 ., 
bi) 

30 ::i 
::::, 

20 

10 

75 80 85 90 95 2000 

Year 

to agricultural application. The usage, residue, and emis
sion of DDT in 2000 were 0.1, 132, and 4 kt respectively. 
The roral global usage of toxaphene between 1947 and 
2000 was estimated to be around 1,330 kt, and around 
400 kr were emitted to the atmosphere due to agricultural 
application. The usage, residue, and emission of 
toxaphene in 2000 were 0.09, 100, and 1.2 kt respectively. 
The total usage of endosulfan between 1954 and 2002 
was estimated to be around 338 kt, and around 145 kt 
were emitted to the atmosphere. The usage, residue, and 
emission of endosulfan reached around 12.5, 0.08, and 
5.7 kt in 2000, respectively. Although the usage and 
emissions of DDT and toxaphene have decreased since 
1960s and 1970s, rhe trends of the usage and emissions 
for endosulfan are increasing. 

Global endosulfan emissions and air concentrations of 
a-endosulfan in the Arctic were strongly correlated 
between 1987 and 1997 with correlation coefficient 
r2 = 0.75, providing evidence that atmospheric long-range 
transport is a major pathway delivering a-endosulfan 
from source regions to the Arctic. It has also been found 
that air concentrations of IDDT and Ltoxaphene in the 
Arctic were also strongly linked to their global emissions 
respectively, indicating that most DDTs (DDT and its 
metabolites) and most toxaphene congeners in the Arctic 
air were directly transported from source regions through 
atmospheric long-range transport, which, however, may 
not be true for each DDT metabolite or each toxaphene 

congener. 
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Figure 5. Temporal trends in concentrations of toxaphene in the Canadian Arctic air (the shadowed bars for the air 
concentration in summer, and the blank bars for the air concentration in winter) and the calculated global 
emissions of toxaphene (the curve) from 1985 to 1995 (sources of air concentration data: data for 1986 and 
1987, Patton et al. [1989]; data for 1988, Patton et al. [1991 ], Hinckley et al. [1991 ]; data for 1992, Bidleman 
et al. [1995], Fellin, et al. [1996]; data for 1993, AMAP [1998], Macdonald et al. (2000]) 
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Table 3. Top 10 countries with highest endosulfan use between 1954 to 2002 
Country Volume (kt) 

India 113 

United States 26 

Brazil 23 

Australia 21 

Sudan 19 

Former Soviet Union 13 

Argentina 10 

Thailand 

Bangladesh 8 

Mexico 

Li and his co-workers (Li er al., 2002) identified a dominant 

oceanic pathway for 13-HCH in contrast with the 
atmospheric pathway for a-HCH. A smaller data base for 
13-HCH suggests rhar it did not exhibit an even stro nger 
predisposition to accumulate under the pack ice of the Arctic 

Ocean as might be inferred from an emission history similar 
to that of a-HCH and a Henry's law constant 20 times 
lower. In contrast, 13-HCH appears have been less subject to 

direct atmospheric loadings into the high Arctic. Rather, it 
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Registration status 

Registered for use 

Registered for use 

Authorized for agriculture 

Registered for use 

N.A 

Approved insecticide until 1991 

Restricted 

Ban in rice 

Ba n in rice 

N.A 

was rained our or partitioned into North Pacific surface water 
and subsequently entered the Arctic in ocean currents passing 
through Bering Strait. Identification of a domi nant oceanic 

pathway for 13 -H C H has inAuenced the Arctic science 
research directions in several ways: (I) The role of ocean 
currents in transport is probably more important for 

contaminant level in the Arctic cl1an was previously thought, 
and thus needs to be considered more seriously; (2) Clearly, 
the use of IHC H as a trend parameter would make little 
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Figure 6. Temporal trends of endosulfan usage, emissions, and residues from 1954 to 2000 
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Figure 7. Temporal trends in concentrations of endosulfan I (a-endosulfan) in the Canadian Arctic air (the shadowed bars) 
and the calculated global emissions of endosulfan I (the curve) from 1985 to 2000 (sources of air concentration 
data: data for 1987, Patton et al. [1989]; data for 1993 and 1994, Halsall et al. [1998]; data for 1995-1997, 
Hung et al. [2000]) 
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sense in the western Arctic, and it is likely that other such 

combining of related compounds may lead t0 misleading 
inferences, and rhus each isomer (or congener, metabolire) 
should be separately studied and ana lyzed; and (3) 

Environmental pathways must be comprehensively 
understood before attempting t0 predict the behavior of one 
chemical by extrapolation from a seemingly similar chemical. 
Therefore, the correlations between global emissions and air 

concentrations of DOT and toxaphene in total do not 
indicate that these correlations are also true for each 
compound containing these two OCPs. Each compound 

should be individually studied and analyzed before reaching 
any conclusions about this compound. 

Expected Completion Date 
Data will be completed in September. 
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Abstract 
This report describes the progress made in 2001-2003 on 

evaluating and modeling the fate of persistent organic 
pollutants and mercury on a global scale with the view ro 

contributing scientific justification for Canadian initiatives 
related to the control of these substances internationally. 

Part I of this report describes the development, testing 
and verification of a geographically explicit (BETR
World) model of chemical fare on a global scale designed 
to demonstrate and quantify transport of organic 
contaminants to the Arctic. The model is reseed on 

a-hexachlorocyclohexane and yields results that are 
consistent with monitoring data and with those of the 
Wania-Mackay meridional model (1999). A transfer 
matrix approach has been developed by which chemical 
use in one region of the planet can be related, using the 
model, to deposition in another region. This characteriza
tion of the efficiency of chemical transport to the Arctic 
on a global scale will, we believe, be useful in international 

negotiations . 

Part II describes a novel computational strategy by which 

this, and other models can be applied to treat mercury as 
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a mulri-species substance. Data have been gathered to 

paramererize rhe model and information obtained on 
related mercury modeling by other groups. 

Part Ill reports on stud ies of long range transport of 
organic substances with particular reference co transport 
to the Arctic and the phenomenon of "grass-hopping". 
These studies enable a comparison to be made of the 

potential for transport to the Arctic of a variety of exist
ing, new and potential persistent organic pollutants . 

Key Project Messages 
I. The capability now exists, as a result of this and other 

studies, to calculate, using computer models, how 

organic contaminants become d ispersed globally, how 
long they survive in the environment and how far they 
can travel. 

2. This capabi liry can now be extended co mercury. 

3. We are now able co compare chemicals for their relative 
likelihood of transport co the Arctic, thus identifying 
chose exist ing and "new" substances of greatest concern 

which merit international regu lation. 
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Objectives 
The long term and genera l objective is to place in the 
hands of Canadian representatives at the various interna
tional fora such as UNEP, scientifically so und and peer 
reviewed documentation demonstrating that certain POPs 
and heavy metals, notably mercury, are deposited in the 
circumpolar ecosystem as a result of use in temperate and 

tropical regions. Three sub-projects are des igned to 
provide the substantiation needed at the international 

negotiating table to achieve appropriate restrictions on 
release of th ese co ntam inants. 

1. First is finalizing the geographically explicit global 
model (now the BETR-Wo rld model) which wi ll 
predict the extent to which a defined organic chemical 
or POP used in a defined region wi ll be transported 
to the Arctic, how long this will take and the likely 
duration of the result ing toxic burden in the Arctic. 

2. Development of a novel method by which the BETR
World model can be modifi ed to treat mercury, with 
validation and demonstration to assist in the UNEP 
G lobal Mercury Assessment. 

3. Finalize simple r "evaluati ve" methods of ranking 

numerous chemicals for their long range transport 
potential especially as th ey migrate northwards into 
colder climates, thus ass isting the identification of new 
POPs based on their properties . 

Part I - The BETR-World Model 

Introduction 
In a related project funded by the Tox ic Substances 
Research Initiative of Environment Canada and Health 
Canada we developed the BETR (Berkeley-Trent) model 
which describes the fate of chemicals in 24 regions of the 
North American co ntinent. The rest of the world is 

treated as a 25th region . This model has been successfully 
appli ed to several chemicals including toxaphene which 
have been used in one region of the continent and have 
been observed to travel to other regions such as the Great 
Lakes Basi n and the arctic (Macleod et al., 2002) . In this 

project, we have used the mathematical skeleton of this 
model, mod ified and re-para meter ized it to apply to the 
entire global or world environment of continents, 

sub-continents, oceans and polar regions. The model has 
been referred to as a "Geographical ly Explicit" model to 

disti nguish it from the Wania-Mackay (1999) meridio
nally segmented model and is now named the "BETR

World" model. W hereas in the meridional model, distant 
regions such as the M editerranean, the Great Lakes Basin 
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and the Korean Peninsula are combined because they are 
on the same latitude, these are now treated as separate 
regions. This is useful because chem ica l usage and 
concentrations differ in these regions, as do the rates of 
transfer to specific receptor regions such as the Canadian 
Arctic. This capab ility of assign ing source-recepror 
relationships on a geographically specific basis is regarded 
as being particularly important in international negotia
tions since it avoids "lumping" disparate source regions. 
It is essential to provide convincing evidence that quanti
ties of a chemical used by one nation have the potential 
to reach the Arctic. The only feasible strategy for reducing 
future contamination of the Arctic is to document the 
various sources and convince appropriate agencies in these 

national source regions to reduce emissions as part of 

international agreements. A geographically explicit model 
can demonstrate such relationships. 

In this report we describe the model briefly, full details 

being given in a companion paper which is being submit
ted for publication (Toose et al., 2003). Its application to 
a-hexachlorocyclohexane (a-HCH) is then described and 
discussed. The results are compared with monitoring data 
and with those of the Wania-Mackay meridional model 
(Wania et al., 1999). 

Segmentation 
The global environment has been divided into 25 regions 
depicted in Figure 1. Each region represents an area which 
is mostly land or ocean. All regions may contain the fol
lowing compartments: upper and lower atmospheres, soil, 
vegetation, freshwater, freshwater sediment and coastal or 
open ocean as illustrated in Figure 2. The regions range 
in area from 5 million km' to nearly 50 million km2• 

Because there is relatively slow transport across the equa
tor, there is a north/south hemispheric segmentation. 

Parameterization 
Considerable effort was devoted to obtaining data on 
properties of each region including areas and effective 
volumes of land and water, flows of air and water to and 

from adjacent regions, temperature variations seasonally, 

vegetation cover, soil organic matter contents, deposition 

races of particulate matter in water, precipitation rates, 

mass transfer coefficients and other parameters controlli ng 
intermedia transport of contaminants. Where possible, 
reputable GIS sources were used to obtain parameters. 

Emissions 
The initial substance treated was a-HCH. Usage estimates 
of technical-HCH have been compiled by Li (1999) on 
national and gridded scales from 1948 to 1997. This with 
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Figure 1. The BETR-World region segmentation 

Figure 2. Compartments potentially contained within 
each region 
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the Wania-Mackay (1999) meridonal emissions curves 
provided the basis for a-HCH usage from 1948 to 1997 
used in this model. An emission estimate was made for 
each region in the form of a non-symmetrical logistic 

function ill ustrated in Figure 3, which describes the 
increase then decrease of emission over the period 1948 
to 1997. 

Mass Balance Equations 
For each of the 7 compartments in rhe 25 regions a first 
order differential equation was written of the conventional 
form 

d(VZf)/dr = E + IfD1N - f1 Dou-, 

where V is the compartment volume (m' ), Z is rhe bulk 
fugacity capacity or ratio of concentration (mol/m3) to 
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fugacity (f, Pa), r is rime (h), E is emission rare (mo l/h) 
to the compartment and the two remaining terms repre

sent rhe roral transport inro and our of the compartment, 
including degradation reactions. A steady-state algebraic 
solution is possible if the left side of the equation is zero . 

The set of 175 differential equations is solved numerically 
using an initia l condition and all emissions specified over 
the rime period of interest. Th is yields data o n the rime 
course of all fugaciries from which concentrations, masses 
and Auxes can be calcu lated. The entire history of global 
contamination is then documented and modest extrapo

lat ion into the future is possibl e. 

Results 
Figure 4 gives illustrative dynamic or unsteady-state showing 
that the calcu lated concentrations are in satisfactory 
agreement with monitoring data. Concentrations are 

generally within a factor of five of measured values which is 

regarded as accurate as is feasible given the many assumptions 
inherent in the model. The global rise and fall in concentra
tions is reproduced. Several features and capabilities of the 
model and its results are worthy of note. 

The model can be run in dynamic form yielding results 
of the type shown in Figure 4. It is, however, difficult to 

interpret these results. The indi vid ual source-receptor 
relat ionsh ips are not appa rent, e.g. how much of the 
substance observed in the Arctic was derived from usage 
in India. Nor does it indicate the tra nsport rime, i.e. how 
long it takes for chem ical em itted at a specific point in 
time to reach the Arctic. Further, it is important co 
evaluate the potential recovery rime, especially in the 
Arct ic. T hese aspects are believed to be part icularl y 
relevant in international negotiations. Insights into rhese 
aspects of global co ntamin atio n can be obtai ned by 
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Figure 3. Time-variable global emission curves by climatic band, 1948-1 997 
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Figure 4. Average annual predicted vs. measured concentrations in air, freshwater and coastal water compartments in 
the Canadian Arctic (Region 1 ), Europe (Region 7) and the Arctic (Region 22) 

runn ing the model in both unsteady-state form yielding 
results such as Figure 4 or in steady-state form in which 
the constant concentrations resu lting from prolonged 
consta nt emiss io ns are ded uced. 

The model clea rly demonstrates that a persistent contami
nant emitted in one region of the globe has the potential 
co reach all orher regions, albeit in some cases in small 
quantities. The potential for transport to the Arctic differs 
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considerably from region to region and presumably from 
chemical to chemical. Transport occurs both in the oceans 
and the atmosphere, the relative proportions being 
determined largely by the air-water partition coefficient 
and che degradation half-lives in both phases. 

Since the model is linear in character, doubling the 
emission rate will double all concentrations resulting from 

char emission. The implication is chat accurate emiss ion 
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Table 1. Estimated transfer efficiencies and contribution 
to total loading for select regions 

Transfer Total Regional 
Region Efficiency Emission, kg Contribution to 

(/) (TE) (£) Total Loading(%) 

7 15.33 5.01 X 108 21.31 

8 2.76 5.39 X 108 4.13 

12.47 3.82 X 108 13.22 

10 3.36 3.51 X 109 32.69 

12 4.04 6.48 X 108 7.26 

Total 5.58 X 109 78.61 

data are essential when seeking ro validare the model using 
moniroring data. Regrettably, global emission estimates 
are available for relatively few substances. T h is d ifficu lty 
can be circumvented to a limited exrent by using ficririous 

or hypothetical emiss ion quantities. l r is poss ible ro 
examine the concentrations resulting from em iss ions in 

each region individually, then in rota!. T hi s enab les 

concentration observed in specific receptor regio n such 
as the Arctic to be apportioned ro various source regions. 
This is most readily accomplished by runn ing the steady
state model with constant emissions of say 100 kg/year 
into a specific source region . T he res ult ing flow of 
chemica l inro an Arctic region can then be deduced as, 
say, 3 kg/year. It is thus poss ible ro deduce a ttansfer 
efficiency, in rh is case 3%. By repearing this calcularion 
for all source regions it is possible ro identify those regions 
rhat have a h igh potential ro contaminate rhe Arctic. 
Table 1 lisrs rhe esrimared transfer effi ciencies fro m 
selecred source regions ro rhe continental Arcric regio n. 

As better emission data become available it is becomes 
possible to calculate the absolute contribution of each 
region to contamination of a specific receptor region by 
summing the products of the transfer efficiencies (TEi) and 
the regional emission rates (Ei) givi ng the rota! How ro rhe 
receptor. It is emphasized that it is the product ofEi and 
TEi which controls the quantity reaching rhe Arcric. A 
substantial use in one region may be mirigared by a low 
transfer efficiency. Generally, as expected, rhose regions in 
the northern hemisphere fro m which rhere is sign ificant 
atmospheric Hows ro the Arctic tend to be those with the 
greatesr impact. l r is possible rhar rhis approach may be 
adequate ro demonstrate rhe need for regulatory action 
wirhout having actual emission data. It may also be ade

quate fo r evaluating contaminants of emerging concern for 
which emissions may increase in the future. 

To obtain t ime-of- response data requires running the 
unsteady-state model fo r emiss io ns during a o ne yea r 
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period then observing the propagatio n of th e chemical 
globally in succeeding years. Likewise, assessing recovery 
times requires the use of an unsteady-state model in which 
present cond itio ns are used as a starting poin t and th e 
gradual reduction in contaminant levels is deduced. G iven 
the low temperatures and long degradation times in the 
polar regions ir is likely rhat rhese rimes will be meas ured 
in decades. The obvious impl ication is rhar rhere is a need 
to prevent fu ture entry of contaminant in to the Arcti c 

region by reducing or eliminating emiss io ns. 

Part 11 - Mercury Transport to the Arctic 
A modified version of the BETR-World described in Part I 
is being used to address rh e mercury. This adaptation 

requires that the model trea t at least three mercury species, 
elemental, ionic (o ft en referred to as " reacti ve") and 

organic. These species have very different partitioning and 
transport properties . A novel method has been devised to 

treat mercury as a pseudo single species substance in order 
char the model will apply, bur such that ir retains mercury's 
mul ti-spec ies character when describin g partitioning, 

t ranspo rt and transformation processes . The new method 
is rega rded as an improvement o f th at developed by 
Diamond et al. (1 992) who adapted fu gacity models to 

address multi-species substances and applied ir successfully 
in a series of papers, e.g. Diamond (1999) . It should be 
noted that development of this technique required consid
erable tr ial and error effort. Full details of rhe merhod are 
provided in a forthcomi ng publication (Mackay and Toose, 
2003) but the salient features are as fo llows. 

A "key" mercury species is selected , preferably elemental 
mercury. Parti t ion coeffi cients are defined fo r all mercury 
species indi vidually fo r all relevant medi a combinati ons. 
For each phase or medium a typ ica l mo ni tored set of 

proportions of species is defin ed, e.g. 90%, 9%, I% on a 
mass of mercu ry basis. The model is run for each species 
indi vidually an d rhe t ranspo rt ra te param ete rs a re 
deduced, fo r example, fo r the rates of evaporatio n from 
water or depos ition ta vegerarion. 

The rat io of th e rate of tra nspo rt of the two non-key 
species to th e key species is then dedu ced as a functio n 
of the p roportio ns present in th e so urce med ium and 
the various rare parameters. T hese ratios are th en used 

to determin e an overall "mu ltipli er" by which the ro tal 
rate of transpo rt o f all three species exceeds char of the 
key species . For eve ry transpo rt process a uni que multi 
pli er is deduced . Th is enables th e BET R-World model 
to be eas ily modifi ed . All that is required is insert io n of 

a set of single number multipli ers at app ropr iate po ints 
in th e computer code. T he model is th en run and rhe 
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resulrs inrerpreted in terms of both total mercury and 

individual species. 

Th is novel method has been successfully applied to simple 
multimedia models and a paper describing the principles 
has been written for publi cation (Mackay and Toose, 
2003). An issue which the model can address is the deple
tion of mercury during the polar sunrise. This results from 
enhanced oxidation of elemental mercury to reactive ionic 
mercury caused by the combination of oxidizing halogen 
species and sunli ght. This involves adjusting the ratio of 
elemental to ion ic mercury at times of polar sunrise. This 
drives faste r deposition and depletes the total mercury 
concentration in air, but increases amounts in the 

terrestrial and oceanic phases. 

In conclusion, we have demonstrated the feasibiliry of 
including mercury in the BETR-World model and imple
mentation is currently proceeding. 

Part Ill - Long Range Transport Potential 
of Existing and Emerging POPs to the Arctic 
Monitoring programs have convincingly demonstrated 
that certain POPs have been transported from temperate 
regions of use to the Arctic. They have also shown, by 
comparing relative quantities in source and receptor 

regions, that the potential for transport differs from 
substance to substance. Accordingly, there is an incentive 
to understand the properties of a substance which cause 

this potential and use this as a basis for assigning a relative 
transport potential for existing and emerging POPs. This 
can be accompl ished using relatively simple "evaluative" 
models which merely seek to compare chemicals under 

srandard and hypothetical conditions. They do not seek 
to calculate absolute distances or times, as is attempted 
in the global models described earlier. Obviously consis
tency between these "evaluative" models and the global 
simulation models should be sought. 

Our original work on this subject was published by Beyer 
et al. (2000) in which it was shown that a "characteristic 
travel distance" (CTD) could be calculated for a substance 
and used as a metric of potential for long range transport 
(LRT). In a subsequent study we have evaluated the effect 
of temperature on CTD and shown that a drop in 
temperature can cause increases or decreases in CTD 

depending on the temperature coefficients of the sub
stances partitioning and degradation process rates (Beyer 
et al., 2003). Some substances, on a journey northwards, 

are retarded by the lower temperatures, but others proceed 
faster. It is now clear that vegetation and snow play 
important ro les in determining LRT potential. The 
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Canadian Environmental Modelling Centre has placed 
this "Transport and Persistence Level III" or TAPL3 
model on its website (www.trentu.ca/cemc) . This model 
has been thoroughly tested, is now widely used and is one 
of the models being tested in 2003 by an OECD spon
sored expert group on LRT models. A related activiry has 
been participation in a review of how global climate 
change may affect contaminant behaviour in the Arctic 
(MacDonald et al., 2003). 

Central to this issue is the phenomenon of "hopping" in 
which a substance deposits on a terrestrial surface, then 
after some delay, evaporates, is transported some distance 
then deposits again. These hops may be diurnal, weekly, 
monthly, seasonal or annual in nature. The importance 
of this process is that if a substance repeatedly hops it can 
continue a multi-year journey northwards, possibly "over
wintering" in soils then evaporating in the spring and 
summer. This can introduce a delay in transport with the 
result that the benefits of source reduction are delayed. 

A review and analysis of this issue has been prepared and 
is being submitted for publication (Gouin et al., 2003). 

Briefly, it sets out the mathematical basis of hopping and 
shows that the average number of hops and the distribution 
in this number can be determined from the results of multi
media models. It also shows that measurements of POP 
concentrations in long distance transects such as from rhe 

UK northwards along the Scandinavian Peninsula are 
consistent with considerable hopping. Observation of 
diurnal and seasonal variations in atmospheric concentra
tions provide further support for this contention. 

In a parallel study we are using a version of the BETR 
model in which the regions are arranged in the form of a 
multi-segment "runnel'1 ro rest the distance and time of 

travel under realistic conditions as may apply in the 
northern temperate, Subarctic and Arctic regions. 

In summary, by exploring a number of evaluative approaches 
and testing for consistency with monitoring data and the 
results of simularion models, we believe that modelling 
instruments can be developed, improved and rendered more 
credible, for evaluating the LRT potential of large numbers 
of existing and new chemical substances. This approach can, 
we believe, contribute significantly to the scientific justifica
tion for regulating POPs internationally. 
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In chis study 15 cores from Arctic lakes were analyzed for 
mercury and lead as well as extractable iron and manga
nese. Fourteen of che sed iment cores were dated and 
historical depos ition profi les and Auxes (concentration X 

sed imentation rate) of mercury and lead were examined 
over a broad geographic area from southwestern NWf to 
northern Ellesmere Island. Higher deposition of anthro
pogenic (man-made) sources of mercury and lead were 
found in the Subarctic lakes of Labrador and northern 
Quebec compared co other areas. Mercury deposition 
appeared to have peaked in the 1980s and was on the 
decline in the 1990s in about half of the cores analyzed 
and in all cores with high temporal resolution. The results 
of this study suggest that " reactive" Fe and Mn may 

influence Hg concentrations in lakes with very low sedi
mentation rates i.e. < 50 g m- 2 yr- 1• Stable isotopes of 

mercury were determined in cores from two high Arctic 
lakes. The mercury isotope ratios (expressed as per mil 
deviations with respect to a standard) are independent of 
total meccury concentration but vary systematically with 
che age and chemical compos ition of the sediment, 

suggesting chat isotope fractionation of Hg is occurring 
within the lakes and is contro lled by environmental 
factors and related microbial activities . The study has 
added significantly to the existing data available on 
deposition of mercury and lead in Arctic Canada and 
provided the first information on mercury isotope ratios 
in Arctic lake sediments. 
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Key Project Messages 
1. Mercury deposition to Arctic lake sediments has 

declined in the 1990s in Subarctic and Arctic areas of 
Canada as has been observed in northern Europe and 
in mid-latitude North America. 

2. Combined with results from Subarctic lakes of Labrador 
and northern Quebec the results demonstrate that there 
are higher rates of man-made mercury and lead deposi
tion to lakes in the eastern Arctic. 

Objectives 
1. To determine the depth profiles of mercury (Hg) and 

lead (Pb) as well as manganese (Mn) and iron (Fe) in 

15 dared Arctic sediment cores collected over a three 
year period. 

2. To quantify geographic trends in Auxes of Hg and its 
enrichment factors in Nunavut, NWT, and compare 

with results from Nunavik, and Labrador. 

3. To link findings for Hg with those of paleolimno
logical indicators, persistent organic pollutants, as well 
as indicators of biogeochemical processes of Mn and 
Fe, all of which are obtained from the same cores, or 
cores from the same sites whenever possible. 

4. To complement existing data on Hg in Arctic sediment 
cores with data generated over a much wider latitudinal 
and longitudinal range than previous work in order to 
provide a better understanding of Hg in the Canadian 
North. 

5. To examine fractionation of Hg isotopes by natural 
processes in Arctic lake sediments . 

Introduction 
Mercury has emerged as a priority contaminant in the 
Arctic and inland lakes of central and eastern Canada with 

evidence of increasing Hg levels in biota (Braune 1999; 
Muir et al. 1999; Fisk et al. 2003) and in lake sediments 
(Macdonald et al. 2000; Landers er al. 1998; Lockhart et 
al. 1998). There have been major advances in knowledge 
of levels and temporal trends in Hg in the Canadian 
Arctic in the last five years (Fisk et al. 2003; Blanchard et 
al . 2003). Information on sources has improved as a result 
of continuous atmospheric Hg measurements in the high 
Arctic (Schroeder 200 I) and Subarctic (Poissant 200 I) 
and the identification of Hg depletion events (MDEs) 

during polar sunrise (Schroeder et al. 1998). Inputs of 
Hg2+ ro lake surfaces and catchments may occur as a 
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result of annual spring time MDEs. Information on 
temporal trends of Hg in biota has also improved with 
studies of Hg in Arctic seabirds (Braune 1999), in marine 
mammals (Muir et al. 2003a) and in fish in Great Slave 
Lake and other lakes (Evans and Muir 2001; Fisk et 
al. 2003) . 

What was lacking prior to the development of this project 
was time trends of Hg and other metals in freshwater 
environments over a very wide spatial scale. This kind of 
information is best obtained using sed iment, peat or ice 
cores. Lake sediments have advantages over peat and ice cores 
in the Canadian Arctic because there are thousands of 
undisturbed lakes which theoretically permits wide 
geographical coverage. Lake sediments are available for 

sampling where ice cores may not be readily available owing 
to low altitude or where pear bogs are uncommon due ro 
historically low plant growth races (Muir and Rose 2003). 

Landers et al. (1998) compiled results from studies of Hg in 
dated sediment cores from Alaska, northern Canada, 
Scandinavia, and Russia. This work was based in part on 
studies by Lockhart er al. (1995; 1998) who analysed cores 
from about 13 lakes in Nunavut, NWT and Yukon. Landers 

et al. ( 1998) concluded chat there is an especially big gap in 
results for Hg deposition in the eastern Arctic and northern 

Quebec/Labrador, where no cores had been analysed for Hg 
except in central Quebec (Lucotte er al. 1995). A recent 
study by Lockhart et al. (2000a) examined Hg, Pb and other 
metals in a single laminated sediment core from Lake DV09 
on Devon Island and provided a high-resolution picture of 
inputs to the mid-1990s. Graf-Pannatier (1997) determined 
Hg in several lakes in the Mackenzie Delea and showed chat 
these western Arctic lakes have less pronounced enrichment 
facrors for Hg than those from sites elsewhere in the 

Canadian Arctic. Hermanson ( 1998) reported elevated 
enrichment of Hg in dated sediment cores from two lakes 
near Sanikiluaq. 

In the case oflead, several authors have shown, by studying 

the ice cores, chat the element has been easily long-range 
transported from the other parts of the hemisphere to the 
Arctic (Boutron et al. 1991; Cheam et al . 1998). Outridge 
et al. (2002), using cores first reported on by Lockhart et 
al. (I 995; I 998) and Hermanson (1998), showed that two 
lakes situated in che western and southeastern Hudson Bay 
lowlands had significant anthropogenic Pb sources which 
accounted for 70-90% of acid-leachable Pb by rhe 1980s 
or 1990s. By contrast, lakes in the western Canadian Arctic 

had low anthropogenic Pb signals. Isotopic trends through 
time indicated chat Eurasian sources contributed most of 
the anthropogenic Pb to northwesr Hudson Bay, with 
possibly a minor Canadian contribution at the southeastern 
Hudson Bay sire. 
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Th is project, which began in April 2000 complements 
previous studies on deposition of Hg and other heavy metals 
in rhe Canadian Arctic and Subarctic by investigating lake 
sediment cores in more high Arctic locations as well as in 
sourh western NWT. lr was combined with a parallel 
Northern Ecosystem Initiative study of Hg in dared sediment 
cores collected from rhe Hudson Bay lowlands of Manitoba 
and Ontario as well as northern Quebec and Labrador (Muir 
er al. 20036) to obta in a Pan-Northern perspective on 
deposition of Hg and other metals. 

Activities 

In 2001-02 and 2002-03 
T he lake sediment cores were co llected from 11 lakes 
in NWT and N un avut (Figure I ) and analyzed during 
2001 -2003, adding to th e four NWT/Nunavur lakes 
reported on previously (Cheam er al. 2001). All sires were 
from undisturbed, pristine locations with rhe exception of 
Resolute Lake near the village of Qausuirruq (Resolute). 
Some of rhe sires were located in or near EMAN (Ecological 
Mo nitoring and Assessment Netwo rk) sires (e.g. near 
Resolute and Daring Lake) and National parks/EMAN sires 
(e.g. Nahanni N PR; Tukrur Noga ir N P; Aulavik NP; 

Q urrin irpaaq N P). 

Sediment collection 

Cores were obtained with a KB or Glew corer (Glew 1998) 
fro m a small boar or from a float-equipped Cessna 206 or 

other ai rcrafr. Collections were made by our University based 
partners (Douglas, Smol, Vi ncent, Pienirz, Wolfe and Kock 
and their co-workers) and by Environment Canada personnel 
working our ofYellowknife. Cores were extruded on site and 
slices placed in polyethylene (Whir!Pak®) bags or glass 
ointment jars with screw capped lids. Slice thickness varied 
depending on the sampling ream and their equipment. In 
low sedimentation systems, 0.5 cm slices were obtained for 
the top 5 cm to achieve maximum temporal resolution while 
obtaining sufficient mass for 210Pb dating and contaminant 
analysis. Ar locations with higher sedi mentation rates, slice 
thickness was generally I cm. 

Sediment dating 

The cores were first dared using 210Pb and 137Cs (Robbins 

1978). Homogeneous portions of samples from each core 
were neared using a variation on the Eakins and Morrison 
( I 978) polonium dist illation procedure. Sedi ment cores 
were dared using 210Pb and/or 137Cs, sedimentation rates 
and dares of each slice were estimated using the Constant 
Initial Concentration (CIC) and rhe Constant Rare of 
Supply (CRS) models (Oldfield and Appleby 1984; Turner 
and Delorme 1996). 

Sediment analyses 

Subsamples from the 11 cores were analysed for Hg, Pb, 
Mn, and Fe. The analyses were performed on extracts 
prepared by subjecting subsamples of rhe sediments to 
acid d igestion in a high-pressure microwave oven. Hg was 

Figure 1. Location of lake sediment cores collected under the NCP and NEI projects 
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determined by cold vapour atomic absorption speccro
phorometry (CV AAS) , and Pb by inductively coup led 
p lasma mass spectrometry (TCP-MS) (PQ-2, VG 
Elemental) , whereas Mn and Fe were determined by 

inductively coupled plasma atom ic emission spectrometry 
(ICP-AES). "Reactive" Fe and Mn were extracted with 
I M HCl (Leventhal and Taylor 1990; Gobeil et al. 
1999), and the extracts were analysed by JCP-AES. 

Separate sees of subsamples were analysed for organic C, 
inorganic C , and orga nic N using a C HN analyser. All 

analyses were performed by the National Labo rato ry for 
Environmental Testing (NLET) at NWRI, Burlington. 

Mercury stable isotope analyses 

Core sections from Romulus Lake and Amituk Lake were 
analysed for Hg isotopes. Freeze-dried subsamples were 

digested with HNO/ HCl (aqua regia) at 120°C, and 
HNO,. HCl, and K.MnO4 were added to che extracts. 
The stable isotope composition of che extracted H g was 
then determined with an automated, compute rized 
ThermoFinnigan Neptune mulcicollecror-lCP-MS unit 

(Activation Laboratories Led., Ancascer, ON) em ploying 
argon as che carrier gas following online reduction of 
dissolved Hg(II) co Hg(0) gas. A standard solution of H g 
in 3.5% HNO

3 
(loc S-HGO2027, Inorganic Vencures 

Inc.) was analysed before and after every batch of five 
sample extracts, and, on completion of the run , extracts 
of three reference materials were analysed: forest soil from 
Quebec, Canada (sample SO-2 from rhe Canada Centre 
for Mineral and Energy Technology) and soil and copper
mill heads from Utah, U.S.A. (GXR-2 and GXR-4, 
respectively, from the U.S. Geological Survey) . For each 
sample, standard, or reference so lu tion, 25 replicate 
measurements of Hg isotope content we re made auto
matically in rapid succession, whereupon the means and 
standard deviations were computed. The raw isotope data 
were expressed as the ratios 196Hg/2°'H g, 198H g!'02H g, 
199Hg/2°'Hg, 200Hgl'02Hg, 201 Hg/2°'H g, and 204Hgl'0' Hg, 
and che per mil (%0) deviations of the sample ratios from 
the corresponding standard ratios (i. e. 8 196 Hg, 8 198H g, 

8 199Hg, 8200Hg, 8201 Hg and 8204H g) were calcu lated. 

Flux and enrichment calculations 

Fluxes (ug m- 2yr- 1
) of Hg and Pb were calculated by 

multiplying concentrations (ug/g d ry wt) by sedimenta
tion rates (g m- 2yr- 1

) . Enrichment factors (EFs) for Hg 
were calculated as the ratio of fluxes in recent sediments 
(dated co the 1990s) to fluxes in pre-industrial sedimencs 
(ge nerall y 1840-1900 depending on che co re) . For 

Lake A, which had undetectable excess 210Pb, concentra
tion data for surface horizons and deeper horizons were 
used co compute EFs. 
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Quality assurance 

Certified sediment reference materials and spike recoveries 
were used co ensure accuracy. NLET is a certified analytical 
laboratory which parti cipates regu larly and performs 
consistently very well in NCP interla.bora.tory studies 
(Scokker 2003) as well as in international incercompariso n 
exercises. 

Results and Discussion 

Collection and dating 
The name, loca tion and year of collection of 15 sedimenc 
cores collected for chis project a. re shown in Table 1 a.long 
with sedimencacion races and concentrations of Hg and 

Pb in the top slices. Dating reports were prepared on all 
the co res listed in Table 1. In general, cores were daceable 

by use of che 210Pb technique as indicated by exponencia.l 
decline of unsupported (o r excess) 210Pb with depth and 
with cumulative d ry weight of sediment. However, excess 
210Pb activity was low in high Arctic cores . 210Pb deposi
tion declines exponentially with latitude, and, in North 

America, is a.bout 5-fo ld lower ac 60°N than at 30°N 
because of lower precipitation at higher latitudes (Preiss 
et al. 1996). In the high Arctic permafrost may reduce 
radon gas (the pa.rent of 210Pb) emissions from soil and 
extended periods of ice cover may prevent atmospheric 
210Pb from reachi ng lake sediments (H ermanson 1990). 
The core from Lake A was also unda.ceable (it has been 
submitted for 137Cs daring), however, rhe cop 6 slices were 
varied sediments. The core from Resolute Lake also had 

non -detectable excess 210 Pb activity, howeve r, gamma 
counting of 137Cs showed signifi cant subsurface peaks 
which were consistent with atmospheric nuclear weapons 
tes ting in th e ea rl y 1960s and w ith the Chernobyl 
accident of 1985 which al lowed dates and a sedimentation 
rate co be assigned to this core. Dating reports on each 
core a.re available from Fan Yang (National Water Research 
Institute, Burlington). 

Mercury concentration profiles and enrichment 
factors 
Mercury concentrations in surface horizo ns of each core 

varied from 0.01 7 co 0.25 1 ug/g (dry we) in the 15 lakes. 
Sediment cores with the lowest co ncentrations generally 
had the high est sed imentation races (Table 1) and there 
was actually a weak inverse relationship of Hg concentra
tion and sedimentation race (r2 = 0.16; P = 0. 15). No 
geographic trend of H g was ev ident based on these 
concencracions or based on flu xes (ug m- 2 yr- 1). 
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Table 1. Concentrations of mercury and lead in surface slices of 15 dated sediment cores1 collected under this 
NCP funded project 

Year Sedimentation Mercury Lead 
Location Lake collected Latitude Longitude rate gm 'yr ' µg/g dw µg/g dw 

Fort Liard, NT Fisherman 2001 60° 2l'N 123° 48'W 250 0.050 11.8 

Nahanni NPR, NT Rabbitkettle 2000 61 ° 58'N 127° 13'W 177 0.131 2.8 

Central NT TK-54 1998 64° 3l 'N 112° 42'W 97 0.073 6.0 

Tuktut Nogait NP, NT Rummy 1999 69° 04'N 123° 38'W 79 0.096 19.4 

Northeast Baffin Is CF! 1 2002 70° 29'N 68° 40'W 70 0.029 13.5 

Northern Banks Is. BK-AH 2000 73° 36'N 119° 35'W 46 0.095 15.5 

Cornwallis Is. Resolute 1999 74° 4l'N 94° 55'W 750 0.019 9.0 

Devon Is. DVE 2000 75° l 5'N 89° 30'W 120 0.018 8.1 

Cornwallis Is. Amituk 2001 75° 03'N 93' 46'W 210 0.050 11.1 

Prince Patrick Is. MB-AC 1999 76° 15'N 119° 18'W 380 0.028 4.5 

Prince Patrick Is. MB-S 1999 76° 13'N 119° 19'W 220 0.017 2.9 

Southeast Ellesmere Is. Rocky Basin 1998 78° 30'N 76° 47'W 10 0.251 5.8 

Southwest Ellesmere Is. Romulus 2000 79° 54'N 85° 06'W 780 0.052 13.7 

Axel Heiberg AX-AJ 1998 80° OO'N 87° OO'W 110 0.283 19.0 

Northern Ellesmere Is. Lake A 2001 83° OO'N 70° 30'W -' 0.097 12.4 

1 Two cores, Resolute lake and Lake A were undateable with 2l0Pb. The Resolute lake core was dateable with 131Cs while varved sediments discernable in the top 6 cm of 
the Lake A permitted an assessment of the age 

Figure 2 shows depth profiles of Hg fluxes along with 

concentration profiles of reactive Mn and Fe. The recent 

Hg fluxes are greater than those of earlier daces as deter

mined by 210 Pb dating in these five cores and this was 

generally the case in all 15 cores as well as in I O other 

cores from Subarctic lakes analyzed in a parallel scudy 

(M uir et al. 20036). An interesting feature of the historical 

profiles, which was not observed in cores collected in the 

lace 1980s and ea rly 1990s in the Arctic (Graf-Pan nacier 

1997; Lockhart et al. 1995;1998; H ermanson 1990; 

I 998), was che recent declining Hg deposition in 3 of 

5 lakes shown in Figure 2. In 7 of che 15 cores there were 

subsurface maxima indicating a decline in inputs in recent 

years (Table 2). Cores from Amicuk and Romulus, which 

have good temporal resolution (Figure 2), show clear 
indicat ions of a recent decline from maxima in the lace 

1970s and early 1980s. The high resolution core from 

Devon Island analysed by Lockhart et al. (2000) showed 

a leveling off of Hg deposition in the 1990s but no 
significant declin e. 

The co ncentration profiles of reactive Fe and Mn also 

showed a tendency ro increase cowacds ch e surface 

although generally not in parallel with H g concentrations 

(Figure 2). However, there were significant positive cor

relat ions berwee n % reactive Fe and total Hg in 4 of 

14 co res (Table 2). Two cores (Lake MB-S; Rocky Basin 

D. Muir, T. Jackson, D. Halliwell and V. Cheam 

Lake) had significant negative correlations of% reactive 

Fe and total Hg. There were also scaciscically significant 

relationships of Hg concentrations with% Mn. One core 

(BK-AH) had positive corcelacions of Hg concentration and 

% reactive Mn (P < 0.05) while rwo others had marginally 

significant corcelacions (P = 0.05-0.06). In three cores 

(Rocky Basin, Resolute and Romulus) there were significant 

negative correlations. The significant or marginally significant 

positive correlations of Hg and % Mn were in lakes with 
very low sedimentation rates(< 50 g m- 2 yr- 1) in this study 

and in Subarctic lake cores (Mu ir et al. 2003). However, 

Rocky Basin Lake is an exception. Resolute and Romulus 

had very high sedimentation rates compared to the others. 

Lockhart et al. (2000) also observed significant negative 

corcelacions of Hg concentrations with % Mn and % Fe in 

a core from Devon Island. Whether the Mn and Fe are 

affecting Hg concentrations in these cores is difficult ro assess 

without additional information such as the oxygen regime. 

Additional data are available on some of the cores including 

% organic carbon and nitrogen, diatom counts, as well as 

water chemistry taken during co rin g, which may help 

interpret the metal profiles. 

Landers et al . (1998) equated the Hg enrichment factor 

(EF) to the ratio of its recent flux (- 1970- present) to its 

pre-industrial flux (- 1860 and older). We have used a 

similar definition but confined the "modern" concentrations 
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Figure 2. Profiles of mercury and lead fluxes, and concentrations of reactive manganese and reactive iron in 5 dated 
sediment cores 

Romulu~ 
79"54'N / 

~7 
! 

• 
Amituk ) 

\ 

=1-~ ' :5 • .;;c-~ ~~ / ~~ ~~•' 
1900 •• 19CX) : 
1800 1 
1860 1 

1s 1840 o 2000 4000 184Cl-'o---20000-+---400Xl .... 0 2000 4000 

~CF11 ,• ~ CF11 •• ~uF11: 1 ♦ 
1960 711"1!9'W 1960 • 1960 ! 1 CF

11 f 
11940920 68"40'W 1940 + 1940 1 

1920 1920 I 1 
1900 I 1 \ 1900 l 1 1880 1880 1880 1 
1860 1860 1860 1 ♦ 
1840 +--+--+--4 1840+--+--+---< 1840 184Cl+----+-------i 

0.0 1.0 2.0 3.0 0 200 <IOO 600 0 10000 20000 <I()() aoo 1200 

Hg flux, 
µg m-2yr 1 

reactive Mn, 
µg/g 

to the 1990s in most cores and the l 970s-90s in low 
sedimentation cores where the upper slices represented 
longer time periods . For Lake A, which was undateable, 
but varved, we used an EF based on the ratio of Hg 
concentrations in the top and bottom slices. To assess EFs 
over as wide an area as possible we combined the results for 
the 15 cores with 10 Subarctic cores reported by Muir et 
al. (20036). Highest Hg EFs were found in cores from lakes 
in Labrador while lowest EFs were general ly in the cores 
from western NWT. This is illustrated in Figure 3 which 
shows the Hg EFs versus longitude and latitude. There was 
a weak but statistica1ly sign ificant negative relationship 
between Hg EF and longitude (r2 = 0.18) indicating higher 
anthropogen ic enrichment in cores from eastern Canada 
and the high Arctic compared to NWT. The relationship 
with latitude was more complex. There was a declining 
trend of Hg EFs for cores from 50-65°N and an increasing 
trend for cores from 70 to 83°N. The apparent latitudinal 
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decline is due ro the fact that the western NWT cores are 
at 60-65°N while chose in Hudson Bay lowlands, Quebec 
and Labrador are at 53-60°N; thus it is reAecting the 
higher anth ropogenic Hg in easte rn cores. In the case of 
the cores from 65-83°N, there was a marginally significant 
increase in Hg EF with la ti tude (r2 = 0.33; P = 0.03; 
N = 13). 

The Hg EFs observed in this study were within the range 
found by Lockhart et a l. (1998) for the central and 
western Canadian Arct ic and higher than repo rted by 
Landers et al. (I 998) for Alaska. The EFs were genera lly 
lower than those reported for Sweden, Finland, South 
Florida, mid-continental U.S.A. and Adirondack Lakes 
(Engstrom and Swain 1997; Lorey and Driscoll 1999) as 
well as in mid-latitude glaciers (Schuster et al. 2002). 
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Table 2. Evidence for recent declining deposition of mercury in Arctic lake sediment from the presence of sub-surface 
maximum concentrations 

Lake Subsurface max? Depth horizon (cm) Median year' Hg, pg/g 

A Surface 0-1.0 0.10 

Amituk Sub-surface 1.0-1.5 1979 0.06 

AX-AJ Surface 0-0.5 1995 0.28 

Rocky Basin Sub-surface 0.5-1 1989 0.25 

BK-AH Surface 0-0.5 1991 0.10 

CFll Surface 0-0.5 1998 0.03 

DV-E Surface 0-0.5 1989 0.02 

Fisherman Surface 0-0.5 1987 0.05 

MB-AC Surface 0-0.5 1997 0.03 

MB-S Sub-surface 0.5-1 1989 0.02 

Rabbitkettle Sub-surface 2.0-2.5 1967 0.76 

Resolute Sub-surface 1.5-2.0 1988 0.03 

Romulus Sub-surface 2.0-3.0 1976 0.08 

Rummy Surface 0-1.0 1996 0.10 

TK-54 Sub-surface 4.0-5.0 1941 0.11 

i Median age of the sediment section based on CRS dating of 210Pb except for Resolute Lake (137Cs) and Lake A which was undateable with llOPb 

Figure 3. Enrichment factors (EF) for mercury versus 
longitude and latitude in 25 Arctic and Subarctic 
sediment cores 
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Va riations in the stable isotope ratios of mercury 
The 6' 98 Hg, 6' 99 Hg, 6200Hg, 620 'Hg and 620' Hg values 
var ied in a di stin ctly nonrandom fashion in the core 
profi le of Rom ul us Lake (Figure 4), bur their profiles were 

entirely d iffere nt from tha t of tota l H g, suggesti ng that 
they resu lted from fractionation of isotopes by environ
menta l processes rather than prese rvation of origin al 
isoto pe signatures that might help to identify the sources 
of po llution. The profi les of rhe Ii-values are characterized 
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by complex bur systematic variations with depth (i.e. with 
increasing age) . The following regularities are immediately 
apparent: (I) Throughout rhe stratigraphic section , which 
spans the years 1899-1999, rhe Hg is enriched in 198Hg, 
199Hg, 200Hg, and 201 Hg bur correspondingly depleted in 
204Hg; (2) The degree of enrichment is an inverse function 

of atomic mass (decreasing in the order of <l 198 Hg > 
6199Hg > 6200Hg > 6201 Hg, with 62 

... Hg showing negative 
enrichment, i.e. depletion); (3) The Ii-values alternately 
rise and fall smoothly and regularly with depth, rhe lowest 
(pre- 1930) core sections consisten tly showing rhe greatest 

enrichment in 6198Hg, 6'99Hg, 6200Hg, and 620 ' Hg and 
depletion in 620' Hg. The profiles of 6 198Hg, 6' 99Hg, 
6200Hg, and 6201 Hg all have essentially the same shape and 
the profile of 6204 Hg is a mirror image of them. Similar 
profiles of these isotopes ratios were found in the Amiruk 
Lake core. The precision of the analysis was very high 
with standard deviations averaging 0.039% for the 
standard Hg solution run during the analysis and 0.003% 
for replicate analyses of the same sample. 

The Ii-values for Hg we re fo und ro correlate with 
NH

2
OH-HC1/HNO

3 
exrracrable Mn, bur nor Fe, in the 

Romulus Lake core Qackson er al. 2003). This correlation 
was negative in the oldest co re sections (the 5 lowest core 
sectio ns) bur positive in rhe yo un gest ones (rhe top 
6 sections), and there was no significant correlation in 
the intermediate horizons . These findings suggest frac
tionation of H g isotopes in rhe lake through the agency 
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Figure 4. Variations in the total Hg concentrations and 8198Hg, 8199Hg, 8200Hg, 8101Hg, and 8104Hg with depth in the Romulus 
Lake sediment core. The radiometric dates of the core sections are listed on the right 
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Figure 5. Geographic trends in maximum Enrichment 
Factors (EFs) for lead in dated sediment cores 
from this study (N = 24). Subarctic= lakes 
south of 70°N; High Arctic = lakes north of 70°N 
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of microb ial activities linked to ox idation-reductio n 
reactions bur provide no evidence for preservation of 

source- rel ated isotopic signatures. Furthermore, the 
systematic change in the relations between Hg isotope 

ratios and extractable Mn with depth in the sediment 
sequence implies a change from one biogeochemical 
regime to another over rime . 

Lead concentration profiles and enrichment factors 
Lead concentrations in surface slices of each core varied 
from 2.8 to 19 µ,gig (d ry wt) in th e 15 sediments. There 

was no significant relationship of Pb concentrations with 
sedi mentation races. Nor was there any relationship of 

Pb concentrations or fluxes (µ,gm ·2 yr 1) with latitude or 
longitude (µ,g m ·2 yr 1) among the 15 sediment co res . 

Profiles of Pb fluxes in sediment are shown for selected 
Subarctic cores in Figure 2. A distinct subsurface maxima 

was found for Rabbirkerrle Lake. T his lake is located in 
norrhwestern Nahan ni Nationa l Park Reserve within the 

Taiga Cordillera Ecozone and the Mackenzie Mountains. 
Just upstream of Na hanni NP R, bur downstream of 

Rabbirkerrle Lake, li e two past- producing metal mines, 
the Canada Tungsten (tungsten -co pper) Mine and the 
Cadi ll ac/Prairie C reek (s ilver-lead-zin c) Mine. More 

importantly, a 1993 Geological Survey of Canada Memoi r 

by Gordey and Anderson in vento ri es and describes at least 
31 as yet undeve lo ped meta l deposits upstream of 
Rabbirkerrle Lake and Nahan ni NPR (Ballantyne I 99 I). 
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Table 3. Correlations of mercury concentrations with% reactive iron (Fe) and manganese (Mn) in 14 Arctic lake 
sediment cores. Significant correlations and Bonferroni probabilities are balded ' 

Correlation Coefficients Probabilities 

Lake N' Hg vs Fe Hg vs Mn Fe vs Mn Hg vs Fe Hg vs Mn Fe vs Mn 

Amituk 14 0.564 0179 0.089 NS NS NS 

AX-AJ 19 0. 190 -0.135 0.633 NS NS 0.050 

Rocky Ba sin 6 - 0.961 - 0.841 0.918 0.007 NS 0.030 

BK-AH 13 0.803 0.959 0.839 0.003 < 0.001 0.001 

CFll 10 -0333 0.374 0.7 16 NS NS 0.059 

DV-E 12 0.552 0.597 0.565 NS NS NS 

Fisherma n 9 0.441 0.711 0.477 NS 0.096 NS 

MB-AC 12 0.291 0.195 0.940 NS NS < 0.001 

MB-S 11 - 0.756 -0.697 0.913 0.021 0.052 < 0.001 

Rabbitkettle 17 0.709 0.390 0.803 0.004 0.364 < 0.001 

Resolute 15 0.535 - 0.606 -0.464 NS 0.050 NS 

Romulus 15 -0.253 - 0.773 0.344 NS 0.002 NS 

Rummy 12 -0.355 0.663 -0.390 NS 0.057 NS 

TK-54 15 -0. 151 -0.269 0.908 NS 0.995 < 0.001 

' NS = not significant= P > 0.10; marginally significant probabilities, P < 0.1 and > 0.05 are shown 
2 Number of slices analysed per core 

Despite the importance of local geological sources of Pb, 
Rabbirket tl e shows a distinct subsurface maxima similar 
to cores in lakes near Sankiluaq (Outridge et al. 2002) 
and in Labrador and northern Quebec (Muir et al . 20036) 
sugges ting ant hro pogen ic Pb inputs. All the higher 
latitude cores d id not show increased Pb deposition. 

To examine the full ex tent of Pb deposition rhe results for 
the 15 cores were combined with 10 cores from Subarctic 
lakes analysed in a parall el study (Muir et al. 20036). 
Maximum EFs fo r Pb were calculated using the average 
maximu m concentrations (usually subsurface sediments 
dated to 1950-70) and the average in preindusrrial 
sediments (dated to 1840-1900). This was possible with 
24 cores, omitting only Yohin Lake. The core from Yohin 
was undareable with 210Pb, possibly due to slumping and 
or beaver activity (Ruhland and Smol 2003) , and therefore 
the preindustrial layer could not be identified. EFs for Pb 
ranged from 0.84 to 9. 1 with rhe highest values observed 
in northern Q uebec and Labrador sediments. Distinct 
geograp hical trends in Pb EFs are apparent when results 
are plotted aga inst longitude and latitude (Figure 5). 
Pb EFs in Subarcti c co res were signi fica ntly negatively 
correlated with longitude (r2 = 0.40; P < 0.01). T he EFs 
in co res from high Arcti c lakes were not significantly 
correlated with longitude. T he lack of significant anthro
pogen ic enrichment of Pb in high Arctic lake sediments 
is clearer when EFs are plotted against latitude (Figure 4, 

D. Muir, T. Jackson, D. Halliwel l and V. Cheam 

bottom panel) . Pb EFs declined exponentially with 
latitude (in EF vs latitude, r2 = 0.67; P < 0.00 I) with 
an apparent half-distance (i.e. 50% decline in EFs ) of 
1400 km. 

It is somewhat surprising that low Pb EFs were found in 
all cores from the high Arctic . Cheam et al. (1998) 
observed Pb pollution peaks in a snow pit during rhe 
period from 1986 to 1993 at Agassiz Ice Cap, Nunavut, 
and other researchers observed the rise and fall of Pb 
concentrations in Greenland ice (Candelone et al. 1995). 
Analyses of several sediment samples were also made for 
Pb isotopes 206, 207, 208 and 204 (using ICP with low 
resolution MS), however, no definite pattern was apparent 
and no specific information could be derived from the 
data at this time. Other studies have found a range of 
Pb EFs in the orth American Arctic. In sourhwesrern 
Greenland, Pb concentrations in dared lake sediment 
cores showed that significant concenrracion increases 

occurred during the 18th and 19th centuries, with a 
maximum in the 20th century around 1970 (Bindler et 
al. 2001) and EFs averaging 2.5. Outridge er al. (2002) 
examined Pb fluxes and isotope ratios in dated sediment 
cores from six lakes in the Canad ian Arctic including 
three in the eastern high Arct ic, Yaya Lake in the 
Mackenzie Delta area, as well as two lakes near Hudson 
Bay. They found no anthropogenic Pb signal in high 
Arctic sires similar to what we have observed. They 
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concluded rhar reduced atmospheric Pb deposition at 

higher latitudes was associated with lower precipitation 
rates, while over Hudson Bay rhe polar front, an area of 
meteorological disturbance, may play a role in increasing 

both precipitation and Pb deposition. 

Conclusions 
This study has added significantly ro the existing data 
available on deposition of Hg and Pb in Subarctic and 

Arctic Canada, more than doubling rhe number of results 
available from dared sediment cores in Nunavut and 
Northwesr Terrirories. 

Combined with rhe parallel NE! study of Subarctic lakes, 
rhe results demonstrate rhar there is higher anthropogenic 
Hg and Pb in eastern Subarctic lakes of Labrador and 

northern Quebec. This is consisrenr wirh rhe greater 
density of Hg sources in eastern North America such as 
coal burning power plants and, in the case of Pb, with 

proximity ro former emission areas for alkyl lead. The EFs 
for Pb are particularly elevated in Labrador and northern 
Quebec and, unlike Hg, decline exponentially with 
latitude consistent with a relatively short travel distance 
in the atmosphere. 

The results also demonstrate rhat Hg deposition was on 
the decline in rhe 1990s in Subarctic and Arctic areas of 
Canada as has been observed in some lakes near sources 
in mid-latitude North America (Lockhart er al. 1998; 

Engstrom and Swain 1997; Lorey and Driscoll 1999) as 
well as in mid-latitude glaciers (Schuster er al. 2002). 
However, the decline is most readily observed in cores 
with high temporal resolution cores. 

The results of this study suggest that "reactive" Fe and 

Mn may inAuence Hg concentrations in lakes with very 
low sedimentation rates i.e. < 50 g m- 2 yr- 2

• This needs 

ro be further investigated perhaps using other extraction 
techniques for the reactive phases of Mn and Fe oxyhy
droxides. If confirmed, the results may help to explain 
increasing Hg in very low sedimentation rare high Arctic 
sediment cores. 

Stable isorope ratios of mercury in rhe Romulus Lake core 

were independent of rota! Hg concentration but did show 
highly significant relationships with extractable Mn 

content, suggesting rhar fractionation of Hg isotopes is 
occurring within the lakes as a direct or indirect result of 
microbial activities linked to MnOOH precipitation. 
Further research on a wide variery of lakes is needed ro 
determine whether rhe stable isotope composition of Hg 

can, under suitable circumstances, be linked to sources of 
Hg contamination, as has been done with Pb. 
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Abstract 
Recent observations of mercury and ozone concentrations 

along Hudson Bay in Kuujjuarapik/Whapmagoostui, 
Quebec, (Lat. 55°N) showed that mercury and ozone 
depletion events, originally observed in the high Arctic, 

also occur at latitudes as low as 55°N. During mercury 
depletion events (MD£) , total gaseous mercury (TGM, 
mainly elemental mercury) is converted in reactive gaseous 
mercury (RGM) and total particulate mercury (TPM) . 
Moreover, mercury and ozone depletions events were 
correlated to high amounts of bromine monoxide (BrO) 
in air masses originating from the north and which were 
in contact with the Hudson Bay sea ice for several days. 

Bromine monoxide (BrO) is correlated to RGM and both 
species ex hibit maximum concentrations at low tempera
tures (< l0°C) . In the Kuujjuarapik/Whapmagoosrui 
region the ration TPM/RGM appears to fluctuate between 
one and nine whereas the concentration ofTGM appears 

to be decreas ing. If this observation is real (i. e., not an 
artefact), it means that total atmospheric mercury is being 
made up of more TPM than before. Mercury fluxes are 
different over various landscapes . Mossy vegetation 

L. Poissant 

seemed to pump mercury from the atmosphere whereas 
small lakes seemed to be supersaturated and pumped 

mercury to the atmosphere. 

Key Project Messages 
I. Total Gaseous Mercury concentrations in Kuujjuarapik/ 

Whapmagoostui region are decreasing. 

2. Total Particulate Mercury appears to be increasing. 
The Ratio TPM/RGM is fluctuates over time. 

3. Mercury concentrations in snow are low except during 
Mercury Depletion Events . 

Objectives 
l. To measure coral gaseous mercury concentrations in 

air at Kuujjuarapik/Whapmagoostui (Hudson Bay, 
77° 75'W 55° 28'N) and make comparisons with 
other locations in Canada {e.g., Canadian Atmospheric 
Mercury Network (CAMNet)); 
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2. To study mercury oxidation processes by measuring 

ozone in air; 

3 . To n1easure total mercury concentrations in precipita
tion (as well as major ions, such as Cl- and Br-) at 

Kuujjuarapik/ Whapmagoostui and to study their 
relationships with long-range transport and mercury 
fallout; 

4. To measure mercury surface-air Auxes, especially 

during springtime; 

5. To measure mercury concentrations in various abioric 

components (soil, water, snow, ere.) , over spaces and 
time in N unavik and to study their potential connec
tion with atmospheric mercury fallout. 

Introduction 
Mercury is one of the most toxic contaminants in the 
environment and is of particular concern in the northern 

environment because it is subject to long-range transport 

(Poissant, 1999; 2000; Cheng and Schroeder, 2000) 
Moreover, mercury can be chemically transformed to the 
organic, bioavailable form methylmercury, which bioac
cumulates in the Arctic food web (Macdonald et al., 2000; 
Schroeder er al. , 1998). Atmospheric mercury and ozone 
depletion events have been observed in the high Arctic 
region (eg., Alert, Canada) during polar sunrise. Although 
the mechanisms are still not fully understood, bromine 
(Br) radicals have been identified in the literature as a 

potential oxidation species. Besides their significant 
contribution to the destruction of ozone in rhe polar 
stratosphere, reactive bromine species also play a key role 
in boundary layer ozone depletion and can be an effective 
oxidant for mercury. 

This study presents dara that offer a unique opportuniry to 
study the temporal evolution of ozone and mercury depletion 
events in the low Arctic and contributes significantly to the 
discussion of atmospheric mercury transport and fate in the 
northern environment. An understanding of mercury 
depletion events is critical to assessing the mechanistic route 
of mercury contamination in the northern region and its 
further transfer to the biosphere. 

Activities 

In 2001-2002 
Various activities were done in the third year of this NCP 
research project. The site is located in Kuujjuarapik/ 
Whapmagoosrui region in northern Quebec, at the Centre 
d'lctude Nordique (CEN) (Universire Laval). Meteorological 
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data are available from the CEN and Navigation Canada. 
Instruments for the measurement of total gaseous mercury 
(TGM) and ozone were installed by mid-August 1999 and 
ozone and Hg data (TGM: 15 min intervals; 0

3
: 5 min 

intervals) were collected daily through telemetry (Poissant 
et al., 1996). TGM measurements were audited (qualiry 
controlled) at the sire during a national audit realised by the 
Canadian Atmospheric Mercury Measurements Network 

(CAMNet) in mid-November 2000. lnternal audits were 
done every 4 months following tl1e same protocol (Poissant 
and Casimir, 1998). TGM data were qualiry controlled 
through the RDMQ mercury package (Narchem, ARQM , 
MSC, Downsview). 

A cost effective and high qualiry monthly sampling protocol 
for Hg and major ions was elaborated and applied . 
Precipitation samples were collected since September 1999. 
Precipitation samples were analyzed at fNRS-Eau (Dr. M. 

Amyot) for mercury, bromide and chloride (nor presented 
here) . Three intensive field campaigns were completed in 
spring 2000, 200 l and 2002. Hg snow surveys were carried 
out in the viciniry of Kuujjuarapik/Whapmagoostui. Also, 

snow-air Hg gas exchange Aux experiments were conducted. 
These were the first Hg Aux measurements conducted in 
the Arctic. Mercury air-surface gas exchanges were 
measured in August 2001 over various landscapes (snow, 
sand, bedrock, moss and a small lake). Measurements of 
mercury speciation (Reactive Gaseous Mercury (RGM) and 
Total Particulate Mercury (TPM)) , TGM, ozone, TGM 

Aux and Hg in snow were carried out simultaneously 
during Mercury Depletion Events. 

In spring 2001, a European research ream did parallel 
chemistry measurements using a Differential Optica l 
Absorption Spectroscopy-Method (DOAS). In situ 
measurement of BrO has revealed mixing ratio of up to 

30 ppr (G. Hoenninger, Ph.D. Thesis). 

Results and Discussion 

TGM and ozone results 
Table I presents a statistical summary of daily TGM and 
ozone measurements at Kuujjuarapik/Whapmagoostui 
from August 1999 to April 2002. The daily median value 
was l.72 ng m 3• Minimal values ofTGM and ozone were 

low (0.28 ng m 3 and 1.23 ppbv, respectively) . 

Figure l gives the dai ly median time series of TGM and 
ozone at Kuujjuarapik/Whapmagoostui. This historical 
rime series shows specific low Hg and ozone concentrations 
from February to April. Three springtime periods have been 
measured to dare and showed distinct climatology. The 

largest daily depletion event was recorded on February 21 , 
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Table 1. Statistical summary of daily TGM and ozone in 
Kuujjuarapik/Whapmagoostui (Aug. 1999 to April 2002) 

TGM (ng/m3) Ozone (ppbv) 

median 1,717 29,225 

min 0,286 12,775 

max 3,172 56,325 

1098 1100 

Table 2. Annual Average of TGM at Kuujjuarapik/ 
Whapmagoostui 
Kuujjuarapik/ 
Whapmagoostui 
(TGM ng m- 3) 

Annual Average (s.d.) 

* Augu st to December 

1999* 2000 2001 

2.24 (0.72) 1.84 (0.38) 1.62 (033) 

Figure 1. nme series of TGM and Ozone at Kuujjuarapik/Whapmagoostui (Quebec) 
Daily median Hg concentration - Kuujjuarapik 
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200 1. These results demonstrate that the implications of 
polar mercury events extend beyond the high Arctic 
envi ronment and are important in the low Arctic as well. 

Annual average concentrations ofTGM at Kuujjuarapik/ 
Whapmagoostu i showed a significant decreasing trend 
(Table 2). Average TGM concentrations dropped from 2.24 
to 1.62 ng.m- 3 within three years. This might be explained 
by the reduction of anthropogenic mercury emission in the 
Ku ujjuarapik/Whapmagoosrui vicinity, however, TPM 
observed during spring seasons in 200 1 and 2002 showed 
a significant shifr upwards (from 100 pg/m3 ro 600 pg/m3). 

If these trends are real (i.e., not an instrumental artefact) 
they suggest that in this location rhe proportion ofTPM 

L. Poissant 

in roral atmospheric mercury is increasing whereas the 
proportion ofTGM is decreasing. 

Mercury speciation during mercury depletion events 
From April 15 to May 8 , 2001 , an investigation of 
Mercury Depletion Events (MOE) in low Arctic regions 
as carri ed out at Kuujjuarapik/Whapmagoosrui as part of 
an international intensive field campaign to study this 
phenomena (Hoenniger, 2002; Poissant et al., 2002). 
Mercury concentrations (Total Gaseous Mercury (TGM) , 
Tora! Particulate Mercury (TPM) and Reactive Gaseous 
Mercury (RGM)) were determined using new mercury 
speciation units, namely rhe Tekran 1130 and 1135. The 
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Figure 2. Air temperature regression with TPM and RGM in Kuujjuarapik (April 15 to May 8, 2001) 
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investigation also included the measurement of Ozone 
(Teco 49C), BrO mixing ratio (Differentia l Optical 
Absorption Spectroscopy, DOAS) (Hoenninger, 2002) 
and meteorological parameters (eg. temperature, wind, 
ere.). Results generated during the period of study 
provided the following median concentrations: TGM 
(1.93 ng/m3); TPM (183 pg/m 3); RGM (22 pg/m3); 0

3 

(36.5 ppb) and BrO (0.35 ppr) . The median ratio of 
TPM/RGM was 9.2. Furthermore, BrO mixing ratio was 
anti-correlated with TGM ( TGM = -0.05 BrO + 1.99: 
R' = 0.35) and 0

3 
(0

3 
= - 1.0 BrO + 38.9: R' = 0.33) 

whereas it was correlated with RGM (RGM = 4.6 BrO + 
21.3: R' = 0.54). Interestingly, larger BrO mixing ratios 
(> 5 ppr) and RGM concentrations (> 60 pg/m 3) 

appeared only at cold tem perature (- < minus 8°C) 
(Poissant er al. , 2002). 

Mercury and ozone depletions were correlated with high 
amounts of BrO associated with air masses originating 
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from the north and wh ich were in co ntact with the 
Hudson Bay sea ice for severa l days. One of the most 
important effects of tem perature seemed to be on TPM 
conce ntrat ions, which correlated signifi cantly with 
temperature (TPM = 8.8 T(°C) + 245: R2 = 0.35). 
Temperature did nor correlate signi fi cantly with other 
species (F igure 2) . 

These latter results did nor agree with those from a pre
intensive period from March 8 to April 15, 2001 (without 
DOAS measurements) where TPM, RGM co rrelated 
together bur anti-correlated with TGM and 0

3 
(Figure 3) . 

For this period TPM/ RGM Ratio was close to one. 

Mercury in snow 
Mercury snow surveys done before and after depletion 
events co nfirmed an increase of mercury co ncentrations 

in snow (F igure 4) (Poissant et al. , 200 1; Amyot et al. , 
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2001). Mercury in the snow surface, however, can be 
re-volatilised back ro the atmosphere when the air 
temperature is below 0°C and under sunlight. 

Mercury can be also removed from the snow pack through 
melt water. Results suggested that Hg could be removed 
from snow surface with melting water when the air 
temperature is above 0°C. Hence, competitive processes will 
work co remove reactive mercury from the snow, namely 

photo-reduction and melt water. The former is not active 
under dark cond itions. In spring 2002, specific experiments 
were carried our with Dr. C. Ferrari (U. Grenoble) to 

investigate these mechanisms in the Kuujjuarapik/ 
Whapmagoostui region (results are not presented here). 

Mercury fluxes over various substrates 
Mercury Auxes were measured over various substrates 

during August 200 I in the Kuujjuarapik/Whapmagooscui 
area. Fluxes were measured over sand, moss, lake, and 
rock surfaces. 

Me rcury fluxes over sand were between -0. 14 tO 

1. 67 ng/m 2/ h (median of 0.35 ng/m2/ h). Diel mercury 
cycling was observed with maximum va lues during the 

noon period. Mercury fluxes increased significantly after 
a ra in event, suggesting mercury re-emission to the 
atmosphere. 

The fluxes over moss ranged from -0.58 ro 1.3 ng/m2/h 

(median -0. I 8 ng/m 2/h) . le seems chat moss vegetation 
could act as a sink for mercury, especially during night 
ti me. This might have an impact on che bioaccumulation 

of mercury in che food web especially if mercury 
methylation is possible. 

Mercury fluxes over typical bedrock (granite type) in the 
vicinity of Kuujjuarapik/Whapmagoostui were very low, 
varying between -0.2 tO 0.56 ng/m 2/h (median 

-0.03 ng/m' /h). This suggests that bedrock is not a 
significant emitter of volatile mercury in che Kuujjuarapik/ 
Whapmagooscui region. 

Finally, water-air mercury gas exchange measured over a 
small lake in summertime 1n Kuujjuarapik/ 
Whapmagoostui showed emissions ranging from 0.59 to 
4.5 ng/m2/h (median 1.5 ng/m2/h) . le is very interesting 
tO observe that mercury volatilisation is taking place 
continuously over this northern lake surface. This result 
suggests that dissolved gaseous mercury may be super
saturated in this lake. 

Conclusions 
Between 1999 and 2002, this project resulted in several 

important findings: mercury depletion events are experienced 
throughout the entire Arctic region in the springtime; freshly 
deposited mercury is volatilised in the days following the 
depleting event; and, mercury depletion is connected with 
BrO episodes. 

Expected Completion Date 
This project is ongoing. 

Figure 3. Mercury speciation (TGM, RGM and TPM) at Kuujjuarapik 
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Figure 4. Temporal and spatial snow survey (Top is April 3-4, 2001 ; bottom is April 10, 2001) 
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Abstract 
Recently it was observed that gaseous elemental mercury 
in rhe atmosphere, rhe form that allows mercury (Hg) ro 
circulate around rhe globe, is "oxidized" in rhe Arctic to 

reactive gaseous mercury at polar sunrise, which then falls 
our of the atmosphere onro snowpacks. Arctic snowpacks 
were thought to be important reservoirs of mercury 
because of these springtime atmospheric "mercury 
depletion events." However, in a sampling program we 
conducted in the Arctic in spring 200 I, we found 
extremely low concentrations of mercury in snow at 
23 different sires over land and glaciers on Ellesmere and 
Devon Islands, Nunavut. Concentrations of mercury in 
glacial melrwarer were also very low. Our results have led 
us to now hypothesize that either there is very little 
mercury deposition in areas remote from sea ice due to 

lack of the marine halogens bromine and ch loride thought 
to catalyse mercury depletion evenrs, or once atmospheric 
mercury is oxidized and deposited onto the snowpack, it 
is then rapidly "photoreduced" back to gaseous elemental 
mercury and emitted to the atmosphere. 
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Key Project Messages 
I. Mercury is stripped from rhe Ascric atmosphere during 

"photochemically induced" springtime mercury depletion 
events. 

2. The mercury is thought to be deposited on the Arctic 
snowpack. 

3. We found little mercury in che snowpack on Ellesmere 
and Devon Islands, suggesting either char this region 
in the Arctic has few mercury depletion events, or chat 
mercury is "phororeduced" and emitted back to rhe 
atmosphere soon afte r deposition. 

Objectives 
The objectives of our study were co conduct an initial 
characterization of: 

I. Hg deposit ion in the high Arctic prior to and fo llowing 

polar sunrise over a range of elevations along an east
west transect from Baffin Bay and at Alert; and 

V.L. St. Louis 



2. Hg in glacial melt p roceeding from initial snowmelt 
through to melt of glacier ice that is probably hund reds 

of years old. 

Jn particu lar, we examined seasonal and spati al changes 
in atmospheric deposition of Hg in rhe Arcti c along with 

seasona l changes in the Aux of Hg from the atmosphere 
to the ocean via glacial runoff. 

Introduction 
There is increasing evidence of contamination by persistent, 

toxic pollutants including the metal mercury (H g) in the 
Arctic (Schroeder et al. 1998) . H g is considered a global 

pollutant because it can undergo long-range atmospheric 
transport to areas fa r from point source emissions such as 
coal-combustion fac ilities (Schroeder and Munthe 1998). 

This behaviour is due to the fact th at, in the atmosphere, 
Hg exists primarily as elemental H g(0), a relatively inert 

gas (Schroeder er al. I 998) . O ver rime, however, Hg(0) 
may become oxidized to inorganic, divalent Hg (Hg(Il)). 

Although Hg( ll ) comprises a smaller propo rtion of the 
total Hg poo l, it is th e predomin ant species which leaves 
the atmosphere and is deposited to remote areas such as 
t~e Arctic. 

The degree of Hg(II) deposition in the Arctic varies more 
seasonally than in mos t o ther regions of the globe with a 

pulse of depositio n occuring an nually after polar sunrise. 
In a study cond ucted in Alert, unavut, Schroeder et al. 

( I 998) foun d that Hg(0) levels in the troposphere ranged 
between 1-2 ng/m 3 prio r to polar sunrise. H owever, for 

three months after polar sunrise and un til temperatures 
reach -0°C, atmospheri c H g(0) levels frequently drop 

below I ng/m 1 (Schroeder er al. 1998). Where did the Hg 
go? It is thought that pho tochemical oxidation of gaseous 

Hg(0), in conjuctio n with tropospheric ozone depletion 
chemistry and marin e halogens such as bromine or 
chloride, yields either reactive gaseous Hg (RGHg) and/or 

particulate-phase H g (Lu et al. 200 I ; Lindberg et al. 
2002; Berg er al. 200 I ; Lindberg et al. 200 I), both of 

which have dry-depositio n velocities greater than gaseous 

Hg(0) and fa ll out onto the snowpack. In fact, elevated 
concentrations of Hg( I I) (so metimes exced ing I 00 ng/L) 
have been fo und in surface snow fo llowing these atmo

spheric Hg depletion events (Lu et al. 200 I ; Scott 200 I) . 
Since the initi al discovery by Schroeder et al. ( I 998) at 

Alert, spri ngtime Hg depletion events have been shown 
to be wides pread in both the Arctic and Antarct ic (e.g., 
Lindberg er al. 2002; Ebinghaus et al. 2002) . 

The for m of H g th at is o f most concern to hu ma ns is 

methyl Hg. MeHg is a strong vertebra te neurotoxi n with 

V.L St. Louis 

the ability ro bioaccumulate through aquati c food webs 

to levels in fish and marine mammals that may be toxic 
to consumers (Wolfe et al. I 998). Bacteria active in 
anaerobic environments including aquatic sed iments, 

wetlands, and under glaciers can merhylate deposited 
Hg(II) into the MeHg form (Berman et al. 1990). 

We examined net springtime deposition of Hg(II) and 
MeHg ro Arctic snowpacks on Ellesmere and Devon 
Islands . We also quantified runoff of Hg in glacial melt 

that could potentially contribute ro the elevated concen
trations of Hg currently found in certain Arctic freshwa
ter fishes and marine mammals used for food by northern 
Aboriginal peoples (e.g., Canadian Arctic Contaminants 
Assessment Report 1997). 

Activities 

In 2001-2002 
Sites 

We conducted our research at three sites on Ellesmere and 

Devon Islands in the Canadian high Arctic. In May 200 I, 
we collected snow samples from the Prince of Wales 
Icefield in eastern Ellesmere Island. Samples were collected 

every 200 metre increase/decrease in elevation along an 
east ro west transect from Baffin Bay across the northern 
part of the icefield char also ranges over an elevation 

gradient of approximately 2,000 metres. \Y/e sampled both 
the upper snow deposited in the springtime 200 I, and 
the deeper, older winter snowpack deposited in rhe fall of 

2000. The snow survey was meant to ascertain whether 
(a) deposition was indeed maximised by polar sunrise
induced fallout of Hg from the atmosphere, and 

(6) whether proximity ro Baffin Bay was important to 
atmospheric Hg fallout, as would be expected if halogens 
derived from the sea ice surface are important factors in 

Hg depletion reactions. We also collected upper and deep 
snow from four sites on Devon Ice Cap on Devon Island, 

and, in collaboration with Dr. William Schroeder, from 
five sires at Alert on the northern rip of Ellesmere Island. 

These samples allowed us 10 determine spatial variability 
in races of deposition of Hg in the high Arctic. 

A third site on Ellesmere Island Uohn Evans Glacier) allowed 
us to exan1ine Hg runoffin glacial melt. Initial runofffrom 

the glacier consisted of snowmelr from its surface, but as the 
melt season progressed the contributi on from severa l 
hundred year old glacier ice laid down prior to industrial iza

tion and anthropogenic releases of Hg increased. A significant 
fraction of runoff at this site is routed under the glacier where 

active microbial communities including organisms known 
to merhylare Hg, such as sulfare-reducing bacteria, exist 
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(Skidmore et al. 2000). Sampling subglacial runoff allowed 
us to determine if the microbial communities found there 

actually methylated Hg. 

Field sampling 

All sampling of snow and glacial runoff were conducted 

by two people using the well-established double-bagged 
"clean hands, dirty hands" ultraclean sampling protocol 
(Sc.Louis et al. 1996). Snow was collected in 2 litre acid

cleaned ceflon jars as described by Sc. Louis et al. (1995) . 
Snow samples were kept frozen and in the dark until they 
were returned to the University of Alberta clean room fo r 
analyses of total Hg (THg; all forms of Hg), MeHg, and 
bioavailable Hg (see below). Runoff samples were 
collected in the same manner using 250 ml acid-cleaned 
teflon bottles. Four runoff samples were collected during 
each sampling event (for duplicate analysis of unfiltered 
and filtered MeHg and THg). Both unfiltered and filtered 
(through 0.45 um filters [to remove large parti culates] 

following standard Hg filter ing protocol) THg and MeHg 
runoff samples were preserved with appropriate additions 
of trace metal grade hydrochloric ac id at the time of 
sampling, and scored in clean coolers. Ru noff was 
coll ected as melt proceeded from early June to ea rly 
August, with additional samples taken during exception
ally high or exceptionally low d ischarge flows from the 
glacier. The latter wi ll typically result in release of water 
that has spent a long time exposed co the subglacia l 
microbial communities where Hg mechylation cou ld 
occur. This was also true of the very first run off from the 

subglacial environment. We also sampled locations where 
surface water sunk into the glacier to dete rmine changes 
in Hg speciation (i.e., inorganic versus MeHg) as it passed 

through the glacier. 

Analyses 

THg and MeHg analyses were completed in the University 

of Alberta Hg cleanroom. Samples were analysed for THg 
using now standard techniques described by Bloom and 
Crecel ius (1983) and for MeHg using the highly sensitive 
and selective ethylation, chromatography and cold vapo r 
atomic flourescence spectroscopy techn ique, recen tly 

developed by Bloom (I 989) and H orvat et al. (1993). 
Using these approaches, the detection limits for THg and 

M eH g, respectively, are approximately 0.2 ng/L and 
0.02 ng/L. QNQC were maintained through random THg 
and MeHg interlaboratory comparison with numerous 
H g analytical laboratori es throughout Canada and the 

United States. 

Because not all inorganic Hg is avai lable for mechylacio n 
or uptake by organ isms (because it readily binds with, fo r 
example, organic matter), a number of the snow sa mples 
were also analysed for bioavailable H g using a newly 
developed analytical technique known as th e mer-lux 
bioreporter (Barkay et al. 1997). Mer-lux bioreporce rs are 
genetica ll y engineered bacteri a which produce light in 
proportion to the amount of H g(II) that enters their cells. 
Traditional chemical analyses cannot distinguish between 
H g(]!) that can enter a bacterial cell and H g(II) chat can 

nor. T he importance of this analytical cool lies in the face 
chat microorganisms play a criti cal ro le in the transforma
tion of Hg in aqu atic and rer res rri al environ ments 

including th e conversion of H g(I I) ro the hi ghly toxi c 
MeHg. The mer-lux bioreporter assay was conducted at 

the Freshwater Insti tute in Winnipeg. G lacial runoff was 
not analysed for bioavailable H g because water samples 
currently cannot be preserved for this type of analys is. 

Results 
Our intensive snow survey of 23 sites on Ell es mere an d 
Devon Islan ds, Nu na vut, y ield ed ext remely low 

concentrations of THg even at Alert where springtime 
Hg depletion events are known to occur (Tab le 1 ). At 
each site we subsampled snow from che lower depth 
hoar component of the snow pack deposited in che fa ll 

of 2000 (o n average 0.65 ng THg/L) and from che 
upper part of the snow pack deposited in spring 200 1 
chat excluded the very surface of che snow pack and the 
most recent deposition events (0.41 ng THg/L). These 
results co unter those of ot her stud ies where hi gh 

co ncentrat ions of THg we re measured in the very 
surface snow only (Lu et al. 2001; Sco tt 200 1). Our 
two fresh snow sa mpl es co ll ected at Alert had o n 

ave rage on ly 5 .34 ng THg/L (Tab le I). Snow samples 
have yet co be ana lysed for co ncentratio ns of MeH g, 

Table 1. Concentrations of total Hg (THg) in snow collected from various sites on Ellesmere and Devon Islands in the 
Canadain high Arctic 

Location 

Alert 

Devon Island Icecap 

Prince of Wales lcefield 
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Sample Dates 

4- 12 April 2001 

19- 22 April 2001 

5- 19 May 2001 

Fresh Snow 
(ng/L) 

5.34 ± 1.32 (2) 

Top Spring Layer 
(ng/L) 

1.30 ± 142 (4) 

0.27 ± 0.13 (3) 

0.38 ± 0.2 1 (16) 

Bottom Fall Layer 
(ng/L) 

0.59 ± 0.23 (3) 

0.42 ± 015 (3) 

0.23 ± 0.13 (13) 
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bur we expect them to be low because T H g concentra

tions were low. 

Bioava ilable Hg, or the amo unt of Hg that can pass into 
a bacterial cell and be potent ially meth ylated to 
MeHg [7]. was only detected in 40% of our samples 
analysed, most of them being from the upper snow pack 
layer. On average, 75 ± 56% of the measured THg was 
bioavai lable in these samples. 

Using the depth of the layered snow pack, water equiva
lent of the snow, and measured T Hg concentrations, we 
calculated an an nua l deposition rate for 2000-2001 of 
-0.04 ± 0.02 µ g THg/m2 (Table 2), much lower than that 
observed in other regions of Canada (e.g., 7 µ g THg/m2 

in the Borea l ecoregion [13]) and throughout rhe U.S. 
(3-20 µgTHg/m 2

; [14]). 

Table 2. Annual net deposition of total Hg on Ellesmere 
and Devon Islands in the Canadian high Arctic 

Location 

Alert 

Prince of Wales lcefield 

Devon Island Icecap 

Annual Net Deposition of THg 
(ug/m') 

0.19 ± 0.25 (4) 

0.04 ± 0.02 (16) 

0.07 (1) 

We also examined Hg in limited snow and glacial melt 
samples collected on John Evans Glacier, Ellesmere Island 
in 2001. Concentrations of THg in snowmelt were on 
average lower than what we observed in the snow pack 
(-0 .2 ng THg/L). Concentrations in meltwarer that 
drained from under the glacier were -3 ng THg/L, but 
most Hg was on particulates because filtered water only 
contained -0.2 ng THg/L. 

Discussion and Conclusions 
Hg(II) and MeHg can also be reduced photochemically 
to Hg(0) and lost back ro rhe atmosphere (Sellers et al. 
1996; Amyot et al. 1997). Large and rapid losses of new 
Hg deposited in lakes and snow have been observed due 
ro photoreducrion. The amount of "re-emission" of Hg 
to the atmosphere influences the residence rime of Hg in 
biosphere pools, and hence the amount of Hg subse
quently available for merhylation and bioaccumularion . 

Because we found extremely low concentrations of THg 
in our snow samples, we now hypothesize that following Hg 

depletion events, deposited Hg is quickly photoreduced to 
Hg(O) and re-emitted back to the atmosphere. We hypoth
esize that this is because the infrequency and low 
magnitude of snowfall in the high Arctic keeps Hg in 
surface snow exposed ro solar radiation and susceptible 

Table 3. Concentrations of total Hg (THg) in glacial surface pools and glacial runoff on John Evans Glacier, 
Ellesmere Island 

THg (ng/L) 

Location Date Unfiltered Filtered 

Surface pools on glacier 

Nunatak Lake 23 June 2001 0.52 0.30 

Ridge Lake Moulin 28 July 2001 0.80 0.29 

Pond Surface 18 July 2001 0.22 0.15 

Pond Bottom 18 July 2001 0.23 0.16 

Surface streams on glacier 

Supraglacial Stream 20 June 2001 1.76 1.32 

Supraglacial Stream 13 July 2001 0.22 0.15 

Supraglac ial Stream 30 July 2001 0.17 0.14 

Water bursting out from under glacier 

Subglacial Outburst 30 June 2001 2.07 0.24 

Subglacial Outburst 30 June 2001 1.39 0.17 

Stream running under glacier 

Subglacial Stream 15 July 2001 3.03 0.13 

Subglac ial Stream 29 July 2001 4.06 0.39 
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to photoreduction. During the extended period of deple
tion events in the polar springtime, the reduction of 
oxidized Hg keeps the majority of the depleted Hg in the 
very surface layer of the snow pack (Steffen et al. 2002; 
Lalonde et al. 2002) . As a remit, we also hypothesize that 

little depleted Hg enters Arctic ecosystems in snowmelt despite 
large springtime deposition events. 

An alternative hypothesis is that proximity to sea ice is 
important if bromine or chloride halogens derived from the 
sea ice surface are important factors in atmospheric 
Hg depleting reactions. Preliminary statistical analyses show 
that THg concentrations in the upper snow layer decrease 
westwards away from Baffin Bay, and that chloride shows 
similar trends with distance from Baffin Bay. Future 

sampling efforts should include sites on the sea ice to test 
this hypothesis . 

Expected Completion Date 
December 2002. 
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Abstract 
The investigation of atmospheric mercury in Arctic 
environments has gained considerable attention since the 
discovery of springtime mercury depletion episodes at Alert, 
Nunavut, and the possible impact this mechanism has on 
the Arctic environment. For several years, a number of Arc
tic countries have been routinely measuring mercury and 
have been studying its interesting behaviour throughout the 
polar sunrise period. However, there has been a gap in data 
from the sizable Russian Arctic. To address this gap in infor

mation, atmospheric mercury measurements began in June 

2001 at Amderma, Russia. T his study, in conjunction with 

3 other polar countries (Denmark, Norway and rhe US), is 
intended to assess the not yet completely understood behav
iour of mercury in Arctic regions and whether mercury 
concentration levels ate increasing or decreasing. The pre
liminary data collected between June 2001 and April 2002 
show mercury concentrations similar to those found at other 
Arctic sires and the occurrence of mercury depletion 
events. 

Key Messages 
I. Gaseous Elemental Mercury (GEM) is being measured 

at Amderma, Russia. 

2 . Mercury depletion events were found to occur at this 
location. 
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3. There are several sites in the Arctic investigating GEM 
and the addition of this Russian site will help complete 
a c irc umpolar netwo rk co meas ure mercury in rh e 

Arctic environment. 

Objectives 
1. Measure continu o us GEM concentrations at 

Amderma, Russia. 

2 . Investigate and establish temporal (annual, seasonal) 
variabiliry in GEM concentrations. 

3. Study the circumpolar behaviour of GEM by comparing 
data between high Arctic sites. 

4. Use the data to develop representat ive models of 

atmospheric pathways and processes of mercury and 
potential so urces . 

Introduction 
The atmosphere is the first medium in which to observe 
the trends and behaviour of pollutants such as mercury as 
well as the effects of various national and international 
control efforts. Atmospheric mercu1y has been measured 

in various Arctic locations since 1995. Signifi cant advances 
in the understanding of the behaviour of atmospheri c 
mercury in th e Arct ic environm ent have been made since 
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rhe inceprion of our research ar Alert, Nunavut. The 
discovery of rhe "Arcric springrime deplerion of mercury" 
(Schroeder er al. , 1998) laid rhe foundarion for subsequenr 
significanr discoveries regardi ng rhe transfo rmarion and 

deposirion of mercury in the Arctic. It has been found thar 
the an nual accumu lation rate of Hg in th e snow is 
enhanced in rhe springrime (Lu er al., 2001). These 

discoveries can have profound effects on the Arctic environ
ment and have sparked international interest and scienrific 
investigations into this phenomenon in th e Arctic and the 
Antarctic by various inrernationa1 agencies (Ebinghaus er 

al., 2002; Lindberg et al ., 2002). 

Jn support of inrernationa l environmenral commitments 
(e.g. the AMA P program), Gaseous Elemental Mercury 
(GEM) is cu rrently being meas ured at a site in northern 

Russia (Amderma, 69°N, 6l 0 E) (see Figure I). This is a 
collaborative resea rch e ffort berween Canadian and 

Russian scientists, with supplementary fin ancial support 
provided by Denmark. Other Arcric meas uremenr sires 
that investigate atmospheric mercury are also shown in 

Figure 1 includ ing Alert, Canada; Pr. Barrow, USA; 
Svalbard/Spitsbergen, Norway; Station Nord and Nuuk, 
Greenland/Denmark and Thorshaven , Denmark. This 

nvestigation enhances rhe currenr understanding of this 

Figure 1. Current polar sites for continuous GEM measurements 
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toxic metal by provid ing new information on the spatial 

extenr and temporal transport trends of mercury from 
this region in rhe Russian Arctic. It will fill in gaps of 
knowledge regarding the distribution of mercury to the 
Arcric environmenr as a whole and provide important 

informarion for the development of long-term inrerna
tional strategies for the sustainable development and 
protection of polar regions. The addition of this site to 

the circumpolar network will help close the gaps in 
knowledge about key atmospheric transport, transforma
rion and deposition processes of this prioriry pollutanr 
that can lead to conraminarion of Arcric ecosysrem and 

traditional food suppl ies for aboriginal people in Russia 
and all circumpolar counrries. As well, the data generated 
from this network will help ascertain whether atmospheric 
mercury concentrations are increasing or decreasing in 

the Arctic environment. 

Activities 

In 2001-2002 
The instrumenr was installed at the measuremenr site in 

Amderma in June 200 I and dara collecrion commenced 

Thorshav-;;, ·J) ., -.:;: 
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Figure 2. 6-hourly averaged GEM concentration measurements from June 2001 to April 2002 
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at this time. Several quarterly site visi ts were made to this 
location where the data was collected and the instrument 

verified and calibrated. 

Results 
GEM concentrat ion measurements have been co llected 
from June 2001 to Ap ril 2002. 6-hourly averaged GEM 
data from this time period are shown in Figure 2. T able I 

shows a statistica l summary of the hourly averaged data, 
thus far, on a mo nthl y and coral bas is. Figure 2 and 
Table I reveal that the average GEM concentration in this 

region is approximately 1.7 ng m- 3, which is comparable 
co average co ncentrat io ns of GEM fo un d in po la r 
regions. From this firs t time-series of data, concentrations 

of GEM in the fal l and winter are relatively stable between 
1.5 and 1.83 ng m ·3, between September and February. 
This is consistent with th e pattern of GEM fo und at 

Alert. H owever, the frequency of elevated concentration 
events is higher at this location than at Alert. At this time 

meteoro logical and othe r atmos ph eric o bserva ti o nal 
in fo rma tio n are not ava il able so the source/ reason for 
these elevated events cannot be ascertained. There were 
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also so me lower GEM concentrat io ns o bse rved at 

Amderma d uring the late summer/ea rl y fa ll which is 
uncharacteristi c of a location such as Ale rt. Since we do 
not have a full yea r of data to con fi rm this interesting 

observatio n, speculation on the so urce of these outlying 
co ncen tra ri o ns will not be put fo rth . H owever, it is 
in teresting to note th at, as found in oth er polar regio ns, 

mercury depletion events were observed in the springtime 
at Amderma. From th e limited data set, it was obse rved 
that M D Es began at th e end of February and continued 

though co Ap ril. M easurements are cont inuing to be 
collected at th is sire fo r th e next year. Further insight into 
the behaviour o f th is pollutant in th e Russ ian Arctic will 

be fo rthcom ing o nce mo re data and ancillary meas ure
ments are co ll ected. 

Expected Completion Date 
T his project is ex pected to continue for 5 yea rs un til 
March 2005. 
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Table 1. Statistical summary of 1-hour (integrated sampling) GEM measurement data from Amderma (note April data is 
up to April 12, 2002) 

Mean Std Dev 
Month (ng m 3) (ng m ' ) 

July 187 0.22 

August 156 0.19 

Septe mber 155 0.30 

October 164 0.07 

November 1.70 0.22 

December 1.73 0.16 

January 183 0.18 

February 180 0.18 

March 166 0.44 

April 102 0.56 

Total 170 0.29 
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Median Min Max 
(ng m ' ) (ng m ') (ng m 3) Count 

181 150 3.52 523 

156 0.30 4.10 711 

151 0.01 3.36 587 

164 141 191 505 

166 1.32 5.26 689 

1.72 148 4.26 699 

1.79 148 2.65 1195 

182 0.91 2.32 651 

185 0.27 2.54 515 

0.85 0.18 2 02 152 

170 0.01 5.26 6227 
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Abstract 
Mercury is a toxic pollutant of great concern to the Arctic 
environment. Since 1995, atmospheric mercury concentra
tion measurements have been made at Alert, N unavur. 
Continuous measurements of gaseous elemental mercury 

(GEM) have shown a distinct repeatable seasonal/annual 
pattern. Atmospheric mercury depletion and subsequent 
deposition events have been identified to occur in the 
springtime and ongoing studies have found that GEM is 
chemically convened to more reactive species such as reactive 

gaseous mercury (RGM) and particle-associated mercury 
(PM) which can be deposited to the snow and ice surfaces. 
Currently, it is still unclear what species of mercury a.re being 
measured during these depletion events. To address this issue 

a study was undertaken in the spring of 2002 at Alert to 
investigate different measurement techniques of such 
mercury species. This research focuses on understanding the 
cycling of atmospheric mercury in the Arctic environment 

to understand the impact of the large annual pulse of this 
toxic material to this ecosystem. 

Key Project Messages 
1. Atmospheric mercury measurements have been made 

ar Alert, Nunavut, from 1995-2003. 
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2. Continued studies of mercury depletion/deposition 
episodes and their impact on rhe Arctic environment 
were undertaken. 

3. Research into the measurement, formation and the fate 
of the various reactive mercury species has continued. 

4 . Further insight inro rhe cycling of mercury in the 
Arctic has been gained but a complete understanding 

of the cause, effects and implications of rhe depletion/ 
deposition events are still pending. 

Objectives 
The objectives of this project are to establish baseline 

atmospheric mercury co ncentrations and to study the 
behaviour of mercury in rhe Canadian high Arctic. By 
collecting information on ambient air co ncentrations of 

gaseous elemental mercury (GEM), temporal variability 

and long-term trends can be establ ished. This information 
will be crucial in the development of Canad ian strategies 
for national and international pollution control objectives. 

The behaviour of atmospheric mercury in the high Arctic 
in the springtime is unique and this project aims to 

further elucidate rhe chem ica l and physical aspects of 
atmospheric mercury depletion and deposition events 
after polar sun rise and rhe resulting link to enhanced Hg 
concentrations in the Arctic environ ment. 
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Introduction 
Mercury is a toxic metal that has been identified as a priority 
pollutant by various national and international organisations. 
Although levels of mercury in many aquatic wildlife in the 
Arctic are elevated there are no large local anthropogenic 
sources of mercury (Steffen et al., 2003a) . Gaseous elemental 
mercury (GEM) has a long atmospheric residence rime, 
which allows it to be transported from emission sources to 
remote regions such as the Arctic. GEM measurements have 
been ongoing in the Canadian Arctic at Alert, Nunavut, 
since 1995. Since this time, significant advances in our 
knowledge of atmospheric mercury cycling in this environ
ment have been made. It was discovered that a substantial 
amount of reactive mercury is present in the air and on 
particles during the springtime, when levels of GEM in the 
air are very low (Schroeder et al., 1998). Further research has 
found there are a series of photo-chemically driven reactions 
that lead to the oxidation of GEM from its stable form to a 
more reactive, bur less volatile, species. A portion of these 
reactive mercury species remain in the air while a large 
amount is deposited onto the snow and ice surfaces. It is very 
likely that this conversion of mercury (and subsequent 
deposition) after polar sunrise may provide a pathway by 
which these more reactive (potentially bioavailable) mercury 
species are introduced into the Arctic environment and thus 
may be impacting large areas of the Northern Hemisphere 
(Lu et al., 2001). This project, within the Northern 
Contamina nts Program, provides long term data on the 
spatial variability and temporal trends of mercury in the 
Arctic environment as well as infonnation concerning the 
behaviour of mercury that may have a significant impact on 
the Arctic environment. Results from this project have 
created international interest and have resulted in similar 
measurements being made in countries throughout the 
circumpolar area and in the Antarctic (Schroeder et al., 
2003). These data (Canadian and other) will provide impor
tant information on the atmospheric transport, transforma

tion and deposition processes of this priority pollutant 
throughout the polar regions. 

Activities 

In 2002-2003 
Ground-based conrinuous atmospheric GEM measurements 
continued at Alert as well as special measurements of several 
mercury species. For 5 weeks in the spring of 2002, an 
intensive field campaign was undertaken ro investigate 
mercury speciarion measuremenr techniques and ro further 
understa nd the behaviour of mercury during the Arctic 
spring. This project investigated different sample collection 
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techniques including manual and automated RGM and PM 
collection, TAM (total atmospheric mercury) and compari
son ofRGM and PM concentrations at different locations. 

Results 
Ground-level measurements were continued for GEM in 
ambient air at Alert. The data to the end of 2002 have 
been qualiry assured. There are currently 8 years of GEM 
concenrrarion data from this sire bur more data are 
required to establish whether or not there is a statistically 
significant trend of annually increasing or decreasing 
concenrrarions. Distinct seasonal rrends are observed each 
year where concenrrarions are higher than the annual 
mean in rhe summer, lower in the springtime and around 
the mean in the fall and winter. 

Mercury depletion evenrs (MDEs) were further studied at 
Alert during an intensive field campaign. Manual and 
automated RGM and PM measurement techniques were 
compared and were found to agree quire well. A comparison 
of several different total atmospheric mercury (TAM) 
concentration measurements indicated that nor all the species 
(or total amount) of mercury in the air are being measured 
using the GEM, RGM and PM techniques currently used 
throughout the mercury measurement community when 
compared to our pyrolysis technique (Steffen et al. , 2003a). 
Relative differences in RGM and PM concentrations over 
land and over the ocean were investigated and showed that 
PM concentrations are consistently higher than RGM at 
Alert and that this relative abundance is similar at both 

sample sires. 

Discussion and Conclusions 
GEM concentration data collection continued during 
2002-2003. GEM annual concenrrarions from 1995 ro 
2002, inclusive, are shown in Figure 1. This annually 
recurring pattern clearly signals that there are distinct 
seasonal variations in GEM concenrrarions. The data 
collected in 2002 fir well within the pattern of previous 

years. 

An intensive field project was undertaken in April 2002 
at Alert ro compare manual and automated techniques 
for measuring RGM and PM under Arctic conditions. As 
well, this study aimed to establish whether measuring and 
calculating TAM by measuring GEM, RGM and PM with 
these techniques gives the same response as measuring 
total atmospheric mercury (TAM) using the cold regions 
pyrolysis unit (CRPU). Additionally, the relative distribu
tion of PM and RGM at different sires was investigated. 
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Figure 1. Annual time series of GEM measurements at Alert from 1995 to 2002 
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Automated and manually collected samples of RGM and 
PM were compared during 3-hour and overnight sampling 
periods (- 12 hours). In general, the 2 methods compared 
well (Steffen et al., 20036) and are shown in Table I. 
Overall , the manual 3-hour samples yielded slightly 
higher average concentrations of RGM and higher PM 
than the automated unit. However, when samples were 
left to run overnight on the manual system, the PM 
concentrations were considerably lower than those 
measured with the automated system (overnight 
automated samples are 3-hour data averaged over the 
collection time period of the manual sample). The same 
was not found for the RGM samples where overnight 
concentrations between the 2 methods were similar. 
Heating the housing box for the manual samplers proved 
to be a difficult task under harsh Arctic conditions and 
improvements to the manual sample method should be 
investigated. 

TAM is the total amount of measured mercury in the air 
during MDEs. It is currently presumed that TAM comprises 
of the sum of GEM, RGM and PM during a given time 
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period. In this study, TAM was measured in 3 different ways 
(TAM I, 2 and 3). TAM I was measured using the CRPU 
(Steffen et al., 20036) where all incoming air is collected. 
TAM 2 was measured using an automated system (Tekran 
I 130/1135/2537A) combining GEM collected on a Tekran 
2537A with RGM collected on a denuder and PM collected 
on a filter (2.5-µ.m cut off). TAM 3 was measured by 
collecting RGM and PM measured manually with denuders 
and filters (2.5-µ.m cut of!), respectively and adding to GEM 
concentration collected with the Tekran 2537A. Results from 
these measurements are shown in Figure 2. The results from 
this experiment show that during non-MD Es TAM I, 2 and 
3 agree reasonably well with each other. However, during a 
MOE (GEM < 1.0 ng m- 3) concentrations were found to 

differ considerably between TAM 2, 3 and TAM I. The sec
up of the TAM I system is such chat all the incom ing air is 
pyrolysed in the system whereas TAM 2 and 3 measure air 
with particles < 2.5 µ.m . Therefore, perhaps a notable frac
tion of the PM concentration is found on particles > 2.5 µ.m 
and simply not collected by the other systems. As well, it is 
not clear what the coated denuders (supposedly collecting 
RGM) are in fact collecting (Schroeder et al., 2003) . It is 
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Table 1. Results from Alert 2002 field campaign comparison of manual and automated sampling methods for RGM and 
PM (data reported in pg m- 3) 

Manual Sample Automated Sample 

Experiment RGM PM RGM PM 

3-Hour Sample 59.3 216 49.3 144 
(442-754) (103- 314) (219-938) (355-191) 

Overnight Sample 36.3 29.2 25.0 93.2 
(158-547) (5.3-54.9) (103-42.1) (2.9-220) 

(range of data) 

Figure 2. Comparison of total atmospheric mercury (TAM) measurements Alert 2002 using 3 different sample 
collection methods 
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known char these denuders collect HgCl
2 

(Landis er al., 

2002) but it is uncertain if they are as efficient at collecting 
other Hg-halogen or non halogen reactive species char may 

be present in the air during depletion events. The results 
from this study indicate chat nor all the mercury species in 

the air during MDEs are being collected using techniques 
currently used by the scientific community. It demonstrates 

that furcher investigations are warranted into d1ese so-called 

RGM and PM species for understanding what species of 
mercury are present and what are being measured during 

MD Es in the Arctic springtime. 
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Finally, past studies have found char che relative concentra

tion of PM and RGM differ during MDEs between Alert, 
Canada and Barrow, Alaska, two high Arctic monitoring sites 

(Lindberg et al., 2002). At Alert, PM concentrations are 
found ro be higher than RGM and che opposite is seen in 

Barrow (reported PM:RGM ratio of 0.1 co 0.2 [Lindberg er 
al., 2002]). It is chought chat these conflicting PM:RGM 

ratios may be a result of age of che air mass measured as well 
as location of che sampling site. It is speculated chat RGM 

is formed over or close to che ocean and is chen eicher sorbed 
onto particles, is dry deposited or remains in che air while 
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the air mass moves to a sampling site, thereby making the 
sample collection location important. To address this issue 
at Alert, RGM and PM samples were simultaneously 
collected at 2 sites: over ice and over land. The ICE site was 
located about 1 km from the shore (over frozen ocean) where 
samples are more readily exposed to incoming air masses 
from over the ocean. The land site was located 8-km inland. 
Results show that, in general, the PM:RGM ratio is similar 
at both locations and that PM concentrations appear to 
dominate during MDEs. The PM:RGM ratio was close to I 
during non-MDEs. However, during well defined MDEs 
the PM:RGM ratio was on average 4 and 6 inland and ICE, 
respectively. Overall, this experiment demonstrates that at 
Alert, there does not appear to be a large difference between 
the relative proportions of PM to RGM on the ocean (close 
to shore) and further inland. This discussion is limited to 
this one consideration of sample location, however other 
factors are thought to play a role in the PM/RGM 
distribution during MDEs. For example, the amount and 
nature of available host particles at the different high Arctic 
sites should be investigated as well as concentrations of these 
species much further over the Arctic Ocean. 

Expected Completion Date 
Ongoing 
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Abstract 
Theoretical investigations sought ro quantify and compare 
the capacity of rai n and snow ro scavenge gaseous and 
particle-bound organic contaminants from the atmosphere 
at different temperatures. Whether snow or rain is more 
efficient in scavenging organic contaminants depends on 
the characteristics of the chemical (size and polarity) , the 
characteristics of the snow {esp. specific snow surface area) 
and atmospheric temperature. At the freezing point, rain 
is expected ro better scavenge small organic molecules, 
whereas snow with a high surface area wi ll be a more 
effective scavenger for large non-po lar chemicals. Whether 
such chemica ls are scavenged as vapours or while sorbed 
ro particles, depends largely on the snow characteristics. 
A seasonal snow pack was included in a multimedia fate 
and transport model , and was found ro greatly influence 
the overall env ironmental fate of organic contaminants. 
Contam inant volati lisation durin g snow melt can result 
in a spring-time peak in the atmospheric concentrations 
of relatively volati le organic contam inants. The process 
descriptions developed in this projecr should be instru
mental in achi eving a quantitative understanding of the 
delivery of organ ic co ntaminants to, and their environ

mental behaviour, in the Canadian Arctic. 

F. Wania 

Key Project Messages 
I. To be effectively scavenged by snow, chemicals either 

need ro have an adsorption coefficient at the ice surface 
K

1
A of more rhan 0.1 m or a particle-air partition 

coefficient K,A of more thanlO '' at temperatures below 
0°C. Many organic contaminants of Arctic concern 
have such properties. 

2. As temperature decreases, more and more of a chemical 
partitions from the vapour phase to liquid water droplets, 
atmospheric particles and the snow surface. This tem
perature effect is one of the reasons that snow scavenging 
ratios are often higher than rain scavenging ratio. 

3. At 0°C rain is typically more effective in scavenging 
the vapours of small organic molecules than snow, 
because the capacity of the ice surface ro sorb such 
chemicals is smaller than that of liquid water droplets. 
Snow with a high specific surface area (> 0.1 m2/g) 
may, however, be more efficient in scavenging the 
vapours of larger, non-polar organic compounds, such 
as the PCBs, which are only sparingly water soluble. 

4. The mode of scavenging {vapour vs. particles) and the 
rota! scavenging efficiency for such substances will be 
highly variable and dependent on the snow characteristics 
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(particle scavenging ratio, the specific snow surface area 
and temperature). 

5. How a contaminant is delivered and lost from a 
seasonal snow pack is highly dependent on the 
chemical's physical-chemical properties. Water soluble 
and highly particle-sorbed substances are most likely 
ro be delivered to the ecosystem during snow melt, 
either by dissolution in melt water or with the flush 
of particles during the end of snow melt. 

6. Volatile chemicals can be lost to a significant extent to 
the atmosphere prior to snow disappearance, resulting 
in a peak in air concentrations during snow melt. 

Objectives 
The main objective of the project was to increase the 
quantitative understanding of organic chemical fate as 
influenced by falling snow and seasonal snow packs. 
Specifically, we performed two comprehensive theoretical 
studies on how temperature influences precipitation 

scavenging of organic chemicals in the atmosphere, and 
how a seasonal snow pack influences the overall fate of 
organic chemicals. This investigation yielded quantitative 
knowledge of: 

I. Which chemicals are efficiently deposited by precipi
tation scavenging at low temperatures, and which are 

most strongly affected by the occurrence of a seasonal 
snow cover; 

2. How and to what extent (i) organic chemicals are 
scavenged by precipitation at low temperatures, and 
(ii) organic chemical fate is affecred by a seasonal snow 
cover; 

3. What factors contribute most to the uncenainry in 
estimating (i) precipitation scavenging, and thus 
atmospheric deposition rates, at low temperatures, and 

(ii) the effect of a seasonal snow cover on the overall 
fate of organic chemicals. 

Introduction 
In order to understand the delivery of organic contaminanrs 
to the Arctic ecosystem, it is of considerable interest to be 
able to describe quantitatively their atmospheric deposition . 
In the Arctic such deposition is greatly influenced by low 
temperatures and in particular the phase transition of water 
at O'C. Precipitation occurs in the form of snow rather than 
rain, and the ground is covered by a seasonal or permanent 
cover of ice and snow. Earlier work conducted under NCP 

had suggested that snow may be very efficient as a scavenger 
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of organic vapours (Wania et al., 1999a) due to its high spe
cific surface area (Hoff et al., 1995, 1998). A simple model 
of chemical fate in an ageing snow pack (Wania, 1997) had 
been developed and used to describe the measured run-off 
concentration in a creek in the Amituk Lake area of 
Cornwallis Island during snow melt (Wania et al., 1999b). 
At the time, further progress on both these issues was 
hampered by a lack of a quantitative understanding of the 
specific surface area of snow and of the sorption of organic 
chemicals onto the air-ice interface (Goss, 1993). During 
the past few years considerable progress in these two fields 
has been made, suggesting that further progress in quanti
fying organic chemical fate as influenced by snow and ice 
is possible. Specifically, F. Domine and co-workers at the 
Laboratoire Glaciologie et Geophysique de !'Environnement 
in Grenoble, France, have conducted extensive investiga

tions inro the specific surface area of snow and the factors 
that control its variability (Hanot and Domine, 1999; 
Domine et al., 2000, 200 1; Leganeux et al. , 2002). They 

have performed the first measurements on the physical 
properties of Arctic snow, reporting specific surface areas 
of freshly fallen and aged snow from Alert, Nunavut 
(Domine et al., 2002; Cabanes et al., 2002, 2003). As a 
result of their work, we are beginning to gain a quantitative 
understanding of the range of specifi c surface area 
encountered in snow from various regions, and even how 

the surface area changes as a function of time and ambient 
temperature. Substantial progress has also been made with 
respect to quantifying the sorption of organic substances 
at the air-water and air- ice interface (Dona ldson and 
Anderson, 1999; Mmereki et al. , 2000; Sokolov and 
Abbatt, 2002). Of particular practical value are the 
predictive relationships for the sorption coefficienr and its 
temperature dependence by Goss (1997), Goss and 
Schwarzenbach (1999) and Roth et al. (2002). This project 
set our to use this new information to gain insight into how 

temperature influences the extent of precipitation 

scavenging of organ ic chemicals in the atmosphere, and 
how a seasonal snow cover influences the overall chemical 
fate of organic chemicals. 

Activities 

In 2002-2003 
A comprehensive study was conducted of how temperature 
influences the extent of precipitation scavenging of organic 
chemicals in the atmosphere. A seasonal snow cover was 
incorporated in a dynamic multimedia contaminant fate and 
transport model. We explored how this impacts the simulated 
environmental fate of a variety of organic contaminants. Two 
draft manuscripts have been prepared. 

F. Wania 



Results and Discussion 

Influence of temperature on precipitation 
scavenging of organic chemicals 
Phase distribution in a cloud 

We first estimated the phase partitioning of organic chemicals 

in a warm and a cold cloud, because the disccibution between 

atmospheric phases determines how efficient a chemical will 

be scavenged by precipi tation. We assumed that the chemi

cal may either be in the vapour phase, sorbed co atmospheric 

particles, dissolved in liquid water droplets (at temperatures 

above 0°C) or adsorbed to the surface of frozen aqueous 

hydrometeors (at temperatures below 0°C) (Fig. I). The 

equilibrium distr ibution between these phases is controlled 

by che dimension less eq uilibrium partitioning coefficients 

between air and water (KAW) and between atmospheric 

particles and air (K,,A), and the adsorption coefficient at the 

ice-air interface (J<,A in units of meter). Instead of calculating 

this phase distribution fo r ind ividual chemicals, we chose co 

map it as a function of th ese partition coefficients, thus 

allowing the instant graphical estimation of the phase 

distrib ution of any organic chemical for which these 

partitioning properties are known. Specifically, the phase 

distribution in a warm cloud is mapped as a function ofKAw 

and K,,A (Fig. 2), whereas the phase distribution in a cold 

cloud is plotted as a funct ion of KIA and K,,A (Fig. 3) . 

In these maps, the pink areas in the upper lefr corner indicate 

substances chat partition predominantly (> 90%) in the 

atmospheric vapour phase, the yellow areas co the upper right 

highlight substances that ate found mostly sorbed onto che 

atmospheric particles, whereas the bi ue areas co the lower 

left correspond co substances chat are stcongly associated with 

liquid or frozen hydrometeors in the artnosphere. The region 

in-between these areas indicates substances chat a.re found in 
more than one phase of the cloud in appreciable fractions 

(> I 0%). The exact boundaries of these areas are dependent 

on the assumption concerning the amount of particles and 

water in the cloud and the specific surface area of the frozen 

hydrometeo rs. In che construction of the maps in Figs. 2 

and 3, volume fractions of 10- 12 and 3.10- 7 were used for 

particles and liquid water, respectively, and a specific surface 

area of 0.1 m'/g, typical for snowflakes, was assumed ro 

apply. If the particle content is higher, che boundaries 

between the dominant partitioning areas shift co the left in 

Figs. 2 and 3; if the liq u id water content in the cloud 

decreases, these boundaries in Fig. 2 shift downward. Finally, 

the boundaries in Fig. 3 shifr downward if the specific ice 

surface area is lower. 

Figs. 2 and 3 suggest chat in the atmosphere the transition 

from vapour phase to particle phase occurs at a log KPA 

F. Wan ia 

between 11 and 13. In the warm cloud, the transition 

from vapour co dissolved phase occurs at a log KA W of 

-5.5 co 7.5. The diagonal transition area between dissolved 

and particle sorbed phase in the lower right corresponds ro 

particle-water partition coefficients log KPW between 

5 and 7. At temperatures below 0°C the transition from 

vapour phase to ice sorption corresponds co a log (K
1
A/m ) 

Figure 1. Conceptual model of the equilibrium phase distribution of an 
organic chemical in a warm and a cold cloud. K,,: particle
air partition coefficient, K,.: air-water partition coefficient, 
K,., interfacial sorption coefficient on the ice surface 
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Figure 2. Equilibrium phase distribution of an organic chemical in a 
warm cloud as a function of its particle-air partition coeffi
cient K,, and its air-water partition coefficient K, •. Pink areas 
show regions of dominant vapour phase distribution, yellow 
areas dominance of particle sorption and blue areas prefer
ence for the liquid water phase. The volume fraction of 
particles is assumed to be 10-12

, that of liquid water J.10-1
• 

The lines indicate the partitioning properties of selected 
polychlorinated biphenyls (PCBs, green), polycyclic aromatic 
hydrocarbons (PAHs, red) and chlorinated phenols (CPs, blue) 
in the temperature range + 25 to 0°C 
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Figure 3. Equilibrium phase distribution of an organic chemical in a cold 
cloud as a function of its particle-air partition coefficient K,, 
and its interfacial sorption coefficient on the ice surface K,. 
in m. Pink areas show regions of dominant vapour phase 
distribution, yellow areas dominance of particle sorption and 
blue areas preference for the frozen water surface. The 
volume fraction of particles is assumed to be 10- 12, that of 
water 3-10 '· A specific ice surface area of 0.1 m'/g was 
assumed to apply. The lines indicate the partitioning prop
erties of selected polychlorinated biphenyls (PCBs, green), 
polycyclic aromatic hydrocarbons (PAHs, red) and chlorinated 
phenols (CPs, blue) in the temperature range O to - 25°C 
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between 0.5 and 2.5, whereas that between absorptio n to 

particles and adsorption to the ice surface at a log (K,/m) 

of-9to- I l. 

The part itioning properties of several organic contami nants 

were plotted into the maps of Figs. 2 and 3 . Specifically, 

we derived the KPA' KAW' and K1A for e igh t polycycl ic 

aromatic hydrocarbo ns (naph th alene, acenap hth en e, 

fluorene, anthracene, phenanthrene, pyrene, chrysene, 
benzo[a] pyrene), eight polychlorinated biphenyls (PCB-28, 

PCB-31, PCB-52, PCB-101, PCB- 105, PC B- 138, 

PCB-153, PCB-180), phenol and three chlo rinated phenols 

(2-monochlorophenol, 2,3,4,6-tetrachloropheno l, penta

chl_orophen ol) as fu n ct ions of tem pera ture. K PA was 

emmated from tem peratu re-dependent subcooled liq uid 

vapou r p ress ures u sing th e em pi rical Junge- Pa nkow 

relationship . The KIA for the water surface at 20°c was 

es ti mated u sing a p o ly-p ara m ete r lin ea r fr ee e n ergy 

relationshi p by Roth et al. (2002), which is based on the 

hexadecane-air partitioning coeffi cient L16, and Abraham 's 

hyd rogen bonding param eters a a nd l3. For the example 

chemicals, L 16, a, and 13 were es timated using the group 

contributio n m ethod by Platts et al. (1999, 2000). The K,A 

was th en extrap olated to o th er temperatures us in g a n 

enthalpy of so rp tio n 6.H,A that was estimated fro m an 

empirical relationship between K1A and 6.HIA presented by 
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G oss a nd Schwa rze nbac h ( I 999). This extrapolation 

implies the assumption that the sorption to the ice surface 

is similar to that on the liqu id water surface. 

Because the three partitioning co effi cients are fun ctions 

o f temperature, each ch emical corresponds to a short line 

rath er tha n a po int in the partitioning space. At higher 

temperatures, the vapour phase is favoured, and K PA an d 

~ decrease, whereas KAW increases. ln Figure 2, the phase 

di stribu t ion of the che mi cals is show n betwee n 25°C 

(upp er left ) a nd 0 °C (lowe r ri ght), in Fi gure 3 th e 

temperature range is 0°C (upper left) and -25°C (lower 

ri gh t) . A compari son of th e lo ca tion of th e lin es 

correspo nding to individual ch emicals and th e areas of 

do minant phase distribution , su gges ts that the lighter 

PAH s, PC Bs and chlorophenols are predominantly in the 

gas phase within warm clouds (Fig. 2) . T he heavier PC Bs, 

and especially the PAHs with more tha n 4 rings, tend to 

sorb appreciably to atmosph eric particl es, especially at 

temperatures close to the freezing point, whereas more 

tha n I 0% o f PC P pa rtitions into cloud droplets a t lower 

temperatures . In the cold cloud (Figure 3), the lightest 

PAH s and pheno ls rem a in in the vapour phase, wh ereas 

even the li ght a nd intermediate PC Bs start to sorb to 

particles to a signifi cant extent. A s ignificant fraction of 

the highly chlo rin ated phenols a nd th e heavy PA H s also 

so rb to the ice surface . 

Dominant atmospheric deposition processes 

The phase distributio n w ithin the atmosphere d etermines 

th e dominan t atmospheric deposition m echanism o f an 

organic contaminant, as a chemical can only be scavenged 

by p recipitatio n if it either sorbs to particles or associates 

directly with the liquid and frozen hydrometeors. Again , 

m aps were employed to delineate do min ant depositio n 

processes as a fun ctio n of the distribution coeffi cients above 

(Fig. 4) and below (Fig. 5) the freezin g po int. Once more, 

three areas do minated by one type o f d epositio n m echa

nism are indicated. T hese deposition mechanisms corre

spond to the main phases identified in Figure 1: d ry gaseous 

depositio n of chemicals in the vapour phase (pink in upper 

left), d ry and wet depositio n of chemical sorbed to atm o

spheric particles (yellow in upper right), and the depositio n 

with liquid and frozen hydro m eteors (blue in lower left ). 

In ad dition to the distribution coeffi cients, the deposition 

rates obviously d epend on a number o f kinetic parameters. 

In the constructio n o f Fi gures 4 a nd 5 we ass um ed a 

particle scaveng ing ratio of 105, a precipitatio n rate of 

1 m /a, a d ry particle deposition velocity of I m / h and a d ry 

va pour d eposition velocity of 2 m / h. The bounda ri es 

between the regions of domina nt deposition mecha nism 

are d e pe ndent o n th ese values . Factors th a t in c rease 

particle-associated deposition (such as h igher precipi ta tio n 

F. Wania 



Figure 4. Dominant atmospheric deposition processes of an organic 
chemical at temperatures above freezing as a function of its 
partic le-air partition coefficient K,, and its air-water partition 
coeffic ient K,,. Pink areas show regions of dominant dry 
gaseous deposition, yellow areas dominance of wet and dry 
particle deposition and blue areas preference for vapour 
scavenging. The volume fraction of particles is assumed to be 
10 12

, that of liquid water 3-10 ' . A particle scavenging ratio 
of 105, a precipitation rate of 1 m/a, a dry particle deposition 
velocity of 1 m/h and a dry vapour deposition velocity of 2 m/h 
were assumed to apply. The lines indicate the partitioning 
properties of selected polychlorinated biphenyls (PC Bs, 
green), polycyclic aromatic hydrocarbons (PAHs, red) and 
chlorinated phenols (CPs, blue) in the temperature 
range + 25 to 0°C 
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rate, higher particle scavenging ratio, higher dry part icle 
deposit ion, higher particle content in the atmosphere) shift 

the boundaries to the left, whereas factors that increase wet 
gaseous deposition (higher precipitation rare, higher specific 
ice surface area) will shift them upwards. Final ly a higher 

gaseous depos itio n velocity (as would be observed over 
some surfaces or at higher wind speeds) will shi ft them to 
the lower righ r. 

A comparison of Figures 2 and 4 and Figures 3 and 5 shows 
that the areas and boundaries of dominant phase distribution 
and dom inan t depositi on mechanism do not coincide 
exactly. In particular, the boundaries in Figures 4 and 5 lie 

at lower K,,A, lower KIA and higher KA"' than in Figures 2 
and 3. Wet gaseous deposition already becomes an important 

deposition mechanism at log KAw below -3, even though 
clearly less than I 0% of the chemical partitions into the 
liquid cloud droplets (Fig. 4) . Similarly, particle associated 

processes start to beco me important at log KPA values of 
I O (F igs. 4 and 5), which is one order of magnitude lower 
than the threshold for signifi cant partitioning(> 10%) into 
atmospheric particles (Figs. 2 and 3). Deposition with froze n 

hydro mereo rs of 0.1 m'/g surface area already becomes 

F Wania 

Figure 5. Dominant atmospheric deposition processes of an organic 
chemical at temperatures below freezing as a function of its 
particle-air partition coefficient K,, and its interfacial sorption 
coefficient on the ice surface K,. in m. Pink areas show regions 
of dominant dry gaseous deposition, yellow areas dominance 
of wet and dry particle deposition and blue areas preference 
for vapour scavenging. The volume fraction of particles is 
assumed to be 10 12

, that of water 3-10 '. A specific ice 
surface area of 0.1 m'/g, a particle scavenging ratio of 105

, 

a precipitation rate of 1 m/a, a dry particle deposition velocity 
of 1 m/h and a dry vapour deposition velocity of 2 mlh were 
assumed to apply. The lines indicate the partitioning 
properties of selected polychlorinated biphenyls (PCBs, green), 
polycyclic aromatic hydrocarbons (PAHs, red) and chlorinated 
phenols (CPs, blue) in the temperature range Oto - 25°C 
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important at a log (K,_./m) of-2 (K,,. = I cm) (Fig. 5). The 
reason for the different thresholds is the fact that particles 
and hydrometeors have faster deposition rates and shorter 

atmospheric residence rimes than vapours, and thus even 
very small fractions partitioning into particles and hydrome
reo rs ( < 10%) can result in significant rates of deposition. 

Superimposing the partitioning properties of selected 
contaminant chemicals on Figs. 4 and 5, we can state 

what the dominant atmospheric deposit ion processes are 
likely to be at various temperatures. Only the deposition 
of the most volatile PAHs (naphthalene) and PCBs will 

be dominated by dry gaseous deposition. Intermediate 
PAHs such as pyrene and chrysene have parti tioning 
properties that make them susceptible to all three types 

of depos ition mechanisms at temperatures above 0°C. 
Five-ring PAH, such as benzo[a]pyrene, will be depos ited 
mostly by particle deposition. At temperatures above 
freezi ng most PCBs will be depos ited by a combinatio n 

of dry gaseous and wet and dry particle depos ition pro
cesses, whereas thei r solubili ty in water is too low to result 

in significant wet vapo ur scavenging. Ar temperatu res 
below 0°C the lighter and intermed iate PCBs and PAHs 
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have partitioning properties that make them susceptible 
to all three types of deposition, whereas the heavy PCBs 
and PAHs are deposited with both particles and frozen 
hydrometeors. The phenolic compounds, especially PCP, 
will be deposited with falling hydrometeors at tempera
tures above and below 0°C. 

Most of the selected example chemicals fall in the transition 
regions, implying that they are subject to more than one 
atmospheric deposition mechanism. This implies that: 

I. the identification of the dominant deposition mechanism 
for these chemicals requires precise knowledge of their 
distribution properties as a function of temperature. 

2. the dominant deposition mechanism and rates for 
these chemicals will depend strongly on the exact 
values of phase composition (specific ice surface area, 
particle content in atmosphere), kinetic parameters 
(deposition velocities, precipitation race, particle 
scavenging ratio) and temperatures . As these values 
are highly variable in the environment, the deposition 
rates of chese chemicals will also vary. 

In particular, many organic contaminants of Arctic 

relevance have distribution properties at temperatures 
below 0°C that place chem in che transition area, where 
both particle-associated deposition processes and vapour 
scavenging by sorption to ice surfaces can be important. 
Which one of these processes dominates becomes then 
dependent on che highly variable parameters specific ice 
surface area and particle scavenging ratio. 

Is precipitation scavenging more efficient above or below 0°C? 

Although the above analysis informs us about the dominant 
deposition mechanism, it does not allow statements about 
atmospheric deposition efficiency. In particular, we have 
yet to answer whether rain or snow is more efficient in 

scavenging organic contaminants. We will tty to approach 
this question in seeps, by first evaluating the relative 
efficiency of snow and rain to scavenge vapours and 
particle-associated chemicals, and then to additionally cake 
into account the issue of gas-particle partitioning as a 
function of temperature. 

Is precipitation scavenging of organic vapours more 

efficient above or below 0°C? 
K

1
A and KAW control the efficiency of vapour scavenging 

(Figure I) . We thus plotted the logarithm of the rat io of 
the gas scavenging ratios for rain and snow as a function 
of these two distr ibution coefficients in Figure 6. For the 
chemicals in the upper right of that plot (small K

1
A and 

small KAW), rain is more efficient than snow in scavenging 
vapours, for chose in the lower left che opposite is true. 
The latter chemicals have a low solubility in water, but 
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have high affin ity fo r the ice surface. T here is a lim it to 
the extent co wh ich snow is more efficie nt than rain in 

scavenging vapours, because for very highly surface active 
chem icals sorption to the liqu id wate r d roplet surface 
becomes an important mechanism of wet gaseous deposi
tion. The exact locatio n of the bo undary in Figure 6 is 
dependent on the assumption concerni ng the specific 
surface area of the snow and the radius of the liquid water 
dro plet (D. I m2/g and I mm, res pectively in Figure 6). 

For smaller specific ice surface areas th e bo undary moves 

furt her to the lower left. 

We placed the 20 example chem icals in the space defined 

by Figure 6, using the KAw and K1A values at 0°C. It 
becomes clear that most small organic chemica ls, in 
particular if they are somewhat po lar, wi ll be more 
efficiently scavenged by rain than by snow. The difference 
can be many orders of magnitude, as in the case of phenol 
and monochlorophenol. Also, the vapou rs of the smaller 
PAHs and the high ly chl orinated phenols are washed out 
more efficiently by rai n than by snow. The vapours of 
larger non-polar molecules such as the PC Bs and the 
PAHs with four and more rings are washed out somewhat 
more effectively by snow than by rain, although this 

Figure 6. Logarithm of the quotient of the vapour scavenging ratio of rain 
W,.,.,, and the vapour scavenging ratio of snow W, __ as a 
function of an organic chemical's air-water coefficient K.,, 
and its interfacial sorption coefficient on the ice surface K., 
in m. The markers indicate the partitioning properties of 
selected polychlorinated biphenyls (PCBs, green), polycyclic 
aromatic hydrocarbons (PAHs, red) and chlorinated phenols 
(CPs, blue) at O °C. A specific snow surface area of 0.1 m'/g 
and a rain drop radius of 1 mm was assumed to apply. For 
substances above the black diagonal line, rain is more 
efficient in scavenging vapours than snow. Below the line, 
vice versa 

- I - 1 - 3 - 4 - 5 

log K,w 
- 7 - 8 - 9 

■ > 5 

■ 4 to 5 

■ 3to4 

■ 1to3 

1101 

Olol 

- I too 

■ - 110 - l 

F. Wania 



depends on rhe specific surface area of the snow. Ar a 

specific ice surface area of 0.0 I m2/g, snow and rain are 

about eq ually effecti ve in scavenging vapour of these 

larger apolar substa nces. 

Is precipitation scavenging of particle bound organic substances 
more efficient above or below 0°c? 

Particle scavenging ratios are highly variable and uncertain, 

presumably being dependent on borh particle properties 
(size, hygroscopic properties, concentration) and charac

teristics of the hydrometeors (type, size). Considering such 

variabi lity, it is nor possible to make general statements as 

to whether rain or snow is more efficient in scavenging 

particle-associated organ ic substances (Wania er al. , 1998). 

There are some indications rhat snow may sometimes be 

more efficient in scavenging particles than rain (Franz and 

Eisenreich, 1998) . 

Is precipitation scavenging more efficient above or below 0°C? 

For organ ic chemicals that are sufficiently volatile to nor 

sorb to particles, rain will typically be a more efficient 

scavenge r than snow. The differen ce in scave ngin g 

efficiency will be larger with increasing polarity of such 

substances, and can reach several orders of magn itude for 

small polar substances. With increasing size and decreas

ing polarity the ice surface of frozen hydromereo rs 

becomes as efficient in accommodating organic vapours 

as the liq uid water phase of rain droplets. H owever, 

increas ing size also increases rhe likelihood of particle 

so rprion of an organic chemical, especially at low 

temperatures. Such larger substa nces, which include 

many organic contaminants of Arctic relevance, will either 

so rb to particles or adsorb to the ice surface, depending 

on the specific ice surface area and particle concentration . 

The dominant d eposition mechanism will be highl y 

variab le, further being dependent on such parameters as 

particle scavenging ratio, dry particle deposition velocity 

and precipitation rare, preventing the possibility to state 

in general terms whether snow or rain will be a more 

efficient scavenger. 

The results of calculations of the total scavenging ratio 

W,
0

, for the example chemicals in the temperature range 

-25 to 25°C are shown in Figure 7. In these calculatio ns, 

a particle scavenging ratio W r of 105 was assumed to apply 

to both rain and snow. The specific surface area of the 

snow was assumed to be either 0.1 m2/g or 0.0 I m 2/g. 

The scavenging ratios range over six orders of magnitude. 

In general, Wt
01 

increases as temperatu re decreases, because 

more and more of the chemical partitions from the vapour 

phase to liquid water droplets, atmospheric particles and 

rhe snow surface. This temperature effect is one of the 

reasons that snow scavenging ratios are often higher than 

rain scavenging ra tios. At temperatures above freezing, 

chemicals with a low KAw' such as the phenolic 
compounds, and chemicals that sorb strongly to particles, 

Figure 7. Total scavenging ratios W.,, of selected polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs) and chlorinated phenols 
(CPs) in the temperature range - 25 to + 25°C. Specific snow surface area was assumed to be either 0.1 or 0.01 m'/g. The particle 
scavenging ratio for both snow and ra in is assumed to be 1 0', rain drop radius is 1 mm 
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such as benzo-a-pyrene and PCB- I 80, have the highest 

W ,
0

, The latter compound's W ,., obviously is strongly 
dependent on the value for Wr. Gas phase chemicals with 

a high KAW' such as naphthalene and PCB-28, have the 

lowest W ,
0

, At temperature below freezing, chemicals with 

a high K,A' such as pyrene and pentachlorophenol, have 

the highest W ,.,, which then is highly dependent on the 
specific snow surface area. Such chemicals may even 

achieve W which exceed those ofW,,, and thus the W 
of chemic~I~ that are mostly particle sorbed at low re~

0

~ 

peratures. 

The discontinuity ofW,m at 0°C (Fig. 7) indicates whether 
snow or rain is a better overall scavenger at the same tem
perature. Depending on the specific snow surface area, 

snow is generally as efficient (low surface area) or more 

efficient (high surface area) than rain in scavenging PCBs 

and heavy PAHs. On the other hand, snow is much less 

efficient in scavenging the phenolic compounds and the 

lighter PAHs than is rain of the same temperature. The 
specific snow surface area is a highly sensitive parameter in 

the estimation of the W ,
0
,of the PAHs and rhe CPs, but 

apparently much less so for the PCBs (Fig. 7). The reason 

for this lies in the fact that the gas scavenging ratio W G-mow 

estimated for PCBs is on the same order of magnitude as 

the assumed W , . If the surface area for snow is higher, the 

contribution of gas scavenging to the overall scavenging of 

PCBs increases substantially (F igure 8), but the overal l W 

is little affected because vapour and particle phase rc1r; 
are scavenged tO the same extent. If W r is d iffe rent from 

W G-~now' a change in snow surface area will not on ly affect 
the relative importance of vapour scavengi ng but also the 

absolute value ofW,
0

, for the PCBs. 

Influence of a seasonal snow cover on the overall 
chemical fate of organic chemicals 
Earlier snow pack model (Wania, 1997; Wania er al. , 

19996) only investigated the fate of a contam inant in a 

snow pack, but did not evaluate the effect of the snow pack 
on overall chemical fare in the environment. As part of this 

project, we therefore incorporated a seasonal snow pack 

compartment into an ex.isring non-steady scare mu ltimedia 

model and used it ro investigate the effect of char change 

ro the model on the overall calcu lated fate of organic 

chemicals in a hypothetical environment. Specifically, we 

used the CoZMo-POP model (Wania et al., 2000) for that 

study. In the model it is assumed that the snow pack 

compartment gradually grows during the winter season as 

snow keeps falling. It then melts over a short snow mel t 

period in spring and is non-existent for the remainder of 

the year. Atmosphere-snow exchange of organ ic chemicals 

rakes place by diffusive gas exchange, particle deposition 

and snow scavenging. Exchange of chemical between snow 

Figure 8. Percentage contribution of vapour scavenging to the total precipitation scavenging of selected polychlorinated biphenyls (PCBs), polycyclic 
aromatic hydrocarbons (PAHs) and chlorinated phenols (CPs) in the temperature range - 25 to + 25°C. Chlorinated phenols are always 
scavenged as vapours. The contribution of gas scavenging for PCBs and PAHs is very dependent on the assumption concerning specific snow 
surface area (either 0.1 or 0.01 m'/g). The particle scavenging ratio for both snow and rain is assumed to be 1 0', rain drop radius is 1 mm 

230 

snow rain snow rain snow rain 

1oor---r--____.r~:"~'.:'!g;:'."~~~-=-~~ _1-F ~= ::= ::= ::= ;:= ::~~~~===r-____.:.:.:.....--, 
PCB$ na hthalene CPs 

90 phenanthrene 2,3,4,&-TCP 

80 

70 

30 

10 

- 10 

----
- 10 10 10 

fluorene 

IO'N8rcurves: 
0.01 m2/g 

- 10 - 10 

Tin °C 

PCP 

y er 0.01 m2/g 

PAHs 

10 - 10 - 10 10 10 

F. Wania 



and other surface media (soils an d water) occurs by 

adveccive transfer of melt-water and particles. The effect of 

che snow cover on the exchange between air and other 

surface media is also accou nted for (Figure 9). The model 

includes a non-steady state water balance that describes 

dynamically che changes in snow pack height, water run

off, water volume and soil moisture. 

Using the modified CoZMo-POP model we performed 

hypothetical scenario simu lations with and without a 

seasonal snow cover, co find out how the snow cover 

affects the pathways, major reservoirs and seasonal 

variability of contaminants in the environment. Only a 

vety limited illustration of selected results can be provided 

in the context of this report. It is, for example, possible 

co evaluate the simulated cumulative origin and fate of 

contaminants in a snow pack. Such an analysis reveals the 

widely divergent behaviour of different organic chemicals 

(Fig. JO). Volatile chemicals, such a phenanthrene, are 

taken up by, and lose from, the snow pack mostly through 

diffus ive vapour exchange, suggesting that the scavenging 

during the actual snowfall event has little impact on con

taminant delivery co the ecosystem. H ighly particle sorbed 

substances, such as benzo[a]pyrene, are delivered to the 

Figure 9. Contaminant transport processes between the major 
compartments of the CoZMo-POP fate model during the three 
snow seasons. Ouring the existence of a seasonal snow cover, 
exchange between the atmosphere and other surface 
compartments ceases. Only du ring the snow melt is chemical 
transport from the snow to the underlying surface assumed 
to occur 
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snow pack by particle scavenging and are eventually 

transferred co the underlying surface when the snow melts 

completely and the particles are all chat remains. Pyrene's 

snow pack fate is somewhere in-between chat of phenan

threne and benzo[a]pyrene, but it is lose from the snow 

pack co a greater extent than either of these by dissolution 
in the snowmelc water. More water soluble chemicals, 

such as a-HCH, are brought co the snowpack predomi

nantly by vapour scavenging and are lose with the drain

ing melt-water. 

The model confirmed chat snow-melt can result in 

temporary peaks in air concentration. Figure 1 I displays 
the seasonal variability in the simulated concentration of 

PCB-52 in relationship co che development of a seasonal 

snow cover. During the snow melting season, air concentra
tions increase rapidly in response to increasing temperatures 

and the disappearance of the snow pack. Toward the end 

of the snow-melt, the snow pack rapidly loses its capacity 

co retain chemicals such as PCB-52, which are then forced 

co revolacilise back into the atmosphere. During summer, 

the air concentrations peak a second time in response co 

high summertime temperatures (Fig. 10). Intriguingly, a 

comparable two-peak seasonal pattern was produced when 

accounting for the seasonal variability in forest canopy 

development in the CoZMo-POP model (Wania and 

Mclachlan, 2001). Hornbuckle et al. (1994) has observed 

similar seasonal concentration trends, with an early 

concentration maximum during sp ring. In the boreal 

region, characterized by extensive forest cover and seasonal 

snow packs, the two effects may reinforce each other and 

result in very pronounced springtime peak concentrations 

of PCB-like contaminants. The model simulations chus 

provide a mechanistic explanation for the phenomenon of 

a spring pulse as observed for polybrominated diphenyl

echers in southern Ontario by Gouin et al. (2002). 

Conclusions 
With the cools developed in this project, it is now feasible 

co quantitatively describe the influence of falling snow 

and a seasonal snow cover on the environmental fate of 

many organic contaminants. Model simulations reveal 

that the impact of snow on the face of contaminants can 

be very large in magnitude, and is very varied in its nature 

depending on the specific characteristics of the chemical 

and the snow. The new models and process descriptions 

should be instrumental in achieving a quantitative under

standing of the delivery of organic contaminants co, and 

their environmental behaviour in, cold regions, such as 

the Arctic and high altitudes. They should therefore be 

incorporated into models that seek co describe the 
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Figure 10. Cumulative origin and fate of 01 -hexachlorocyclohexane, phenanthrene, pyrene and benzo[a]pyrene during an entire snow season (autumn 
to snow melt), as calculated by the CoZMo-POP model. The four organic contaminants differ widely in how they enter and leave the 
snow pack 
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atmosp heric transport of organic contaminants to the 

Canadian Arctic. 

Expected Completion Date 
Two manuscripts on the project results are currently being 
finalised and are expected to be submitted by fall 2003. The 
project will be completed with the publication of two peer
reviewed papers. This is expected to occur by early 2004. 
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Abstract 
The amplification of organic contaminants in the Arctic 
environment can be described quantitatively with zonally 
averaged global transport models. Such enrichment can 
be caused by temperature dependent physical-chemical 
processes or by differential persistence. A high potential 
for rela tive Arctic enrichment occurs for chemicals chat 
are sufficiently mobile t0 reach che Arctic (either by atmo
spheric or oceanic convection), and at the same time have 
an intermed iate climate-dependent degradability, that 
leads to rates of concentration decline chat are faster in 
source regions than in the Arctic. Evidence of such enrich
ment are elevated co ncentration levels in Arctic media, 
e.g. e<-HCH levels in Arctic Ocean water, and shifts in 
the relative composition of co ntaminant mixtures, such 
as the PCBs. Arctic amplification neither imp lies nor 
requires a red istribution of the bulk of the emitted global 
amount of a chemical t0 Northern latitudes. The model 
calculations reveal that even relatively small fractions of 
an organic chemical 's inventory being transferred north
ward can resu lts in inverted concentration profiles (levels 
that increase with distance from source) and fractionation 
patterns (shifts in relative composition with distance from 
source) . It is poss ible to assess and predict the Arctic 
amplification potential of an organic chemical from a 
knowledge of its temperature dependent partitioning 
properties and climate dependent degradation rates. 

F. Wania 

Key Project Messages 
1. Zonally averaged global box models have been used 

t0 describe the transport and fate of selected polychlo
rinated biphenyl (PCBs) congeners over the entire 
time period of their release to the environment. These 
simulations reveal the origin of elevated levels of these 
substances in che Arctic environment, pinpoint the 
major loss processes on a global scale, and identify the 
importance of various transport pathways. 

2. Acmospheric degradation and transfer ro the deep sea 
have been identified as the major global loss processes 
for the PCBs, the relative importance of these 
processes being very dependent on the degree of 
chlorination. As new emissions of PCBs decline, soils 
become the dominant environmental storage medium, 
controlling the overall global loss rate. 

3. Global model calculations reproduce observed shifts in 
the relative composition of PCBs, that are consistent 
with the "global fractionation" hypothesis. They further 
show that these patterns can been established with only 
minor fractions of the global inventory of PCBs being 
transferred northward. 

4. Global models have been used tO identify the chemical 
characteristics that make a chemical susceptib le to 
enrichment in Arctic ecosystems. A high potential for 
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Arctic amplification is predicted for very hydrophobic, 
semi-volatile organic substances, if emitted into the 

atmosphere. Water-soluble, highly persistent substances 
can experience delayed Arctic amplification as a result 

of slow ocean ic transport to the North. 

Objectives 
The main objective of the project was to describe quan

titatively with model calculations the global distribution 

behaviour of persistent organic contaminants, and to 

establish credibility in the results of these simulations. 

Specifically, we propose to accompl ish the following tasks 

within project year 2001 - 2002: 

I. Disseminate the results of the previous project years in 

several peer-reviewed journal publications. This 
includes the simulation of the global fate of the P Bs, 

including an uncertainty analysis, and the use of the 

global model in an evaluative fashion to investigate the 
global distribution behaviour of organic chemicals. 

2. Contribute to the writing of the POPs-related chapters 

of the CACAR-2 and 2nd AMAP Arctic Assessment 

Report. 

3. Continue the comparison of the zonally averaged 
global distribution model with those obta ined by 

other global modelling studies for POPs. 

Introduction 
In this project, we use model calculations to describe and 
understand the global fate and transport of persistent 

organic pollutants on a global scale, with a focus on the 

transport and accumulation behaviour in the Arctic. 
Globo-POP, a zonally averaged global transport model , 

forms the basis of most of these calculations (Wania and 
Mackay, 2000). This model is used either in an evaluative 

mode, i.e. hypothetical situations are simulated in an 

effort to understand important principles of global POP 
fate, or in a realistic mode, i.e. an attempt is made to 
reproduce quantitatively the real hisrorical fare of a 

particular global contaminant. Combinations of both 

modes are possib le, namely when the simulation 
conditions for a particular contaminant are deliberately 

simplified or varied in order to explore the effect on the 

calcu lated fare outcome. 

The app lication of the realistic mode is limited by the 

availabi li ty of suitable emission estimates, and has so far 

only been used for o:-hexachlorocyclohexanes and the 

polychlorinared biphenyls (PCBs). The use of the model 
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in the evaluat ive mode has focussed on understanding th e 
conditions char favour accumulation of a contaminant in 

Arctic regions. 

Activities 

In 2001-2002 
T his constituted rhe last yea r of this project. The activities 

thus were related to finali zing the model ca lculations, 

interpreting the results and writing of publications. 

Writing of sections for the 2nd Canadian Arctic Contaminants Assess
ment Report 

Two sections were written fo r the 2nd Canadian Arctic 

Contaminants Assessment Report (CACAR2), namely: 

I. Air/Snow Exchange of Persistent Organic Pollutan ts 

2. G lobal Modelling in Support of In ternational 

Negotiations 

The section on "Air/Snow Exchange of Persistent Organic 

Pollutants" includes new calcul at ions of th e scavenging 

efficiency of precipitation for persistent organic pollutan ts 

as a function of temperature and precipitation type (rai n 

vs. snow). These two sections were also used for Canada's 

contribution to the AMAP Report. 

Further, a report on "The Sign ificance of Long Range 
Transport of Persistent Organic Pollutants by Migratory 

Animals" has been made ava ilable for potential inclusion 

in CACAR2. Finally, we contributed to the CACAR2 

sect io n on " Phys ica l-Chem ica l Properti es of POPs" 

authored primarily by Dr. Tom Harner of the Mereoro

logical Service of Canada (MSC). 

New transport process of importance to global fate 

In a collaboration with Dr. Michael Mclachlan from eh,· 

Institute for Baltic Sea Research in Germany, we discovered 

a major shortcoming of ex isting regional and global scale 
fate and transport model. In particular, we could show thar 

for chemicals with POP-l ike partitioning properties, the 

extent of air-soil exchange is greatly underestimated if the 

slow transport of contaminants with the solid soil phase is 

not taken into accoun t. Such transport occurs as a result 
of bioturbation by worms and moles. We found that the 

impact on the modelled soil and air concentrat ions 

is substantial. The results of this investigation were 

summarised in a recently submitted manuscript (McLachlan, 

Czub and Wania, submitted 2002). 

In response to these findings, we decided to revise the 

description of ai r-soil exchange in the G lobo-POP model 

to include solid phase tran sport in the so il. This in tu rn 
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necessitated the replication of all simulations for the PCBs 
and the Arcti c Amplification Potential (see below). This 
massive effort somewhat delayed the fina lizati on and 
submission of several of the planned manuscripts on 

global modelling. 

Estimation of the potential of organic chemicals fo r accumulation in 
the Arctic 

As described in the synopsis report 2000/200 I (Wania et 
al., 200 I), we are using the G lobo-POP model in 
connection with generic emission estimates to assess what 
combination of properties makes a chemica l prone to be 
transported to and accumulate in Arctic latitudes. In th is 
connectio n we introduced the quantitative measure of an 
Arctic Amplification Potenti al (AAP), distinguish ing 
between the immediate AAP ,, and the delayed AAPI +

9
, 

the latter indicating the potential for enri chment well 
after emissions have ceased. Part of this AAP analysis is 
an extensive assessment of the sensitivity of various model 
input parameter on the results. In response to the change 
in the description of air-soil exchange in Globo-POP 
(see above) we had to repeat more than 1000 AAP calcu
lations, specifi cally: 

1. AAP 
I 

and AAP 1 +
9 

as a fun ction of phys ical chemical 
partition ing properties in the space 3 < log K

0
A < 12 

and -4 < log K AW < 3, assuming emissions to occur 
either into air, water or so il (80 X 3 combinations = 
240 sim ulations). 

2. Testing of the influence of the zone of emission on the 
M P, and AAP,+

9 
of five selected physical-chemical 

property combinations (1 0 zo nes X 5 chemicals X 

3 mode of emissions= 150 simulati ons) 

3. Testing of the influence of the enviro nmental input 
parameters on the M P, and AAP,+

9 
of five selected 

physical-chemical property combinations (45 envi
ro nmental parameters X 5 chemicals X 3 mode of 
emiss ions = 675 simulations) 

The repli catio n of these calculations is complete and a 
paper discussing and interpreting these resul ts is very close 
to submission (Wania, in preparation). 

Simulations of th e global fate of the polychlorinated biphenyls 

Early in 2002, all the required elements fo r the simulation 
of the global fate of the PC Bs were finally in place: 

I. The recent global emission estimates by Breivik et al. 
(2002a and b) had become available, and we transformed 
them into the format required by rhe Globo-POP 
model. 
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2. A very thorough compilation and evaluation of the 
physical-chemical properties of various PCB congeners 
had been completed (Li and Wania, in prep. ). 

3. T he Globo-POP model had been revised to include 
solid phase transport in the descrip tion of air-so il 
exchange (See above). 

Using these elements, the global fate of eleven individual 
PCB congeners (PCB-8, 28, 3 1, 52, IOI , 105, 118, 138, 
153, 180 and 194) was simulated and the results interpreted. 
In a first step, we interpreted the model results in terms of 
the relative importance of various processes for the loss of 
PCBs from the global environment. Building upon and 
extending the synopsis report from 1999/2000 (Wania et 
al., 2000), this study includes the semi-empirical estimations 
of OH reaction loss and deep sea transfer, and compares 
them with the results of the global PCB model simulations. 
It also includes the evaluation of the simulated air and sea 
water concentrations through comparison with measured 
data. A paper on this part of the global PCB calculations is 
close to submission (Wania, in preparation) . 

We are also in the process of investigating the global 
fractionation of PCBs as calculated by Globo-POP. We 
try to understand the calculated and observed shifts in 
the congeneric composition of PCBs in various media, 
zones and times. This is to our knowledge the first effort 
to model the compositional patterns of complex POP 
mixtures. Of particular value are hypothetical calculations, 
which help us to tease out what processes are responsible 
for particular fractionation patterns. Specifically, we cal
culated the following scenarios: 

I. All PCB congeners have identical partitioning properties 
and emission trends, yet differ in their persistence. 

2. All PCB congeners have identical partitioning properties 
and persistence, yet differ in their emission trends. 

3. All PCB congeners have identical persistence and emis-
sion trends, yet differ in their partitioning properties. 

This way we can distinguish to what extent the oberserved 
fractionation patterns are a result of the variable persistence, 
variable partitioning propert ies, and variable emission 
trends. We aim to submit a paper on this part of the global 
PCB fate calculations by the end of summer 2002 (Wania 
and Su, in preparation) . 

Scientific collaborations on the global fate of POPs 

In addition to conducting our own work on the global 
modell ing of POPs we are coll aborat ing with several 
scientists within Canada and Europe on related top ics, 
often involving the use of the Globo-PO P model. 
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Review paper on global modelling of POPs 

Together with Marrin Scheringer from the Federal Tech
nical University in Zurich, Switzerland, we have written 
an extensive review paper on the global modelling of 
persistent organic pollutants (Scheringer and Wania). 

This paper will be published later this year in a special 
volume of the Handbook of Environmental Chemistry on 
Persistent Organic Pollutants. 

Influence of particle settling in the oceans on the long range 
transport behaviour of POPs 

In another collaboration with M. Scheringer, we have 
compared results from various long range transport assess
ment models . Discrepancies between models for highly 
hydrophobic substances could be explained by rhe variable 
treatment of the process of particle settling in rhe water 
compartments of the models. It transpired that models 
that do nor include this fare process (e.g. ChemRange) , 
greatly overestimate the LRT potential of hydrophobic 
chemicals. M. Scheringer adjusted his ChemRange model 
accordingly and we are currently writing a paper on the 
significant impact of this particular fare process on global 
transport (Scheringer and Wania). 

Comparison of measured and simulated global distribution of HCHs 

Sanke Lakaschus from the Alfred-Wegener-lnsirure in 
Bremerhaven, Germany has generated a unique historical 
data set of HCHs air and surface water concentrations in 
the Atlantic Ocean between Svalbard and Antarctica. We 
compared this data set with results obtained with the 
Globo-POP global disrriburion model and found very 
encouraging agreement with respect to both latitudinal 
profiles and time trends. This comparison was presented 
by S. Lakaschus at the SET AC meeting in Baltimore in 
November of 200 I and also included in a publication of 
these data in Environ Sci Technol. (Lakaschus, Weber, 
Wania, Bruhn and Schrems, 2002). 

Modelling of long range transport potential of organic chemicals 

We have continued collaborating with Andreas Beyer and 
Michael Matthies from the U niversiry of Osnabruck in 
Germany and with Donald Mackay and Todd Gouin from 
Trent University on simple methods of assessing the 
potential of chemicals for long range atmospheric 
transport. Two joint publication have resulted from that 
collaboration. The first publication provides the required 
chemical input parameters for the second paper, which 
investigates the influence of temperature on the long 
range transport behaviour of organic chemicals (Beyer, 
Wania, Gouin, Mackay and Matthies, 2002a) (Beyer, 
Wania, Gouin, Mackay and Matthies, 20026). 
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Rates of PCB concentration decline in the atmosphere 

In a collaboration with Hayley Hung from the Meteoro
logical Service of Canada, we are using rhe G lobo-POP 
model to understand rates of PCB concentration decline 
in rhe atmosphere. Specifically, we are trying to under
stand differences in concentration decline observed for 
different PCBs congeners and for different locations 
(Arctic vs. G rear Lakes region). Ea rl y models results 
indicate that the rates of air concentration decline are 
strongly influenced by the rates of decl ine of the primary 
emissions, especially in temperate latitudes . Differences 
between PCB congeners, in particular, may be related to 
differences in the relative importance of the two majo r 
global loss processes atmospheric degradation and transfer 
to deep sea. Intermediate PCB congeners appear to have 
somewhat slower rates of concentrati on decline than the 
light and heavy congeners, because neither of rhese two 
processes is particu larly effective for congeners of inter
mediate degree of ch lorination. 

Results and Discussion 
Only a very small selection of the results of above investiga
tions can be presented in rhe framework of this summary 
report. We restrict ourselves to presenting figures that 
illustrate the type of information that could be gained from 
the model calculations. 

AAP Calculations 
Figure I shows the result of calculations exp loring the 
effect of rhe emission location on the potential of five 
completely persistent organic chemicals of var iabl e 
partitioning properties to accumulate in the Arctic . 
Specifically, it plots the calculated AAP

1
+,' i.e. the delayed 

Arctic accumulation potential, versus the zone of em iss ion 

(in contrast to the generic em ission scenario used in the 

normal AAP calcu lations, it is ass umed that all th e 
emissions occur into o ne cl imate zone only) if emiss ion 

occurs into the atmosphere only. The results suggest that 
it depends very much on the type of chemical, whether 
the zone of emission influences the potential for Arctic 
enrichment. Namely, the AAP

1
+

9 
of the volatile substances 

(log KAw 0, log K0A 4 and log KAw 2, log K0A 7) is virtually 
independent from where the chemical had been released 
into the environment, whereas the AAP

1
+, of a very 

involarile chemical (log KAw - 4, log K0A 12) and a highly 
water soluble substance (log KAw -4, log K0A 5) is much 
higher if the emission occurred further North. For 
chemicals with the partitioning properties of relatively 

volati le POPs (log KAw -2, log K0A 7), the AAP
1
+, is 
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notably higher if emission occurs into the two northern
most zones, but remains hi gh even if emission occurs 

fairly far from the Arctic. 

Table 1 liscs che res ults of the study investigating the 
sensitivity of the AAP calculations on the selection of 
environmenta l in put parameters for the same five 
substances. The sensitivities are very different for different 
chemicals, i.e. their global transport behaviour is controlled 
by a different sec of processes. E.g. the global transport 
behaviour of a chemical with log KAw 2, log K0A 7 is 
entirely controlled by the rate of air-soil exchange, whereas 
the global face of the volacile, but less hydrophobic chemical 
with log KAw 0, log K0A 4 is determined much more by the 
uptake and transport in the oceans. The highly sorpcive 
chemical with log KAw --4, log K0A 12 can only reach the 

Figure 1. Effect of the climate zone of emission on the 
delayed Arctic Amplification Potential (AAP1+,) 
of fi ve perfectly persistent chemicals with 
different partitioning properties, if emission 
occurs into the atmosphere 
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Arctic upon initial emission into air, and the AAP 
1 
+

9 
thus 

becomes dependent on parameters that influence the extent 
of atmospheric deposition. Not surprisingly, the Arctic 
accumulation behaviour of the multimedia chemical with 
log KAw -2, log K0A 7 is sensitive ro the largest number of 
parameters, because its fate is influenced by a large number 
of diverse processes. It should be noted that the sensitivity 

changes if we analyse AAP 1 rather than AAP,+,' or if the 
mode of emission changes from emission to air to emission 
to water or soil. 

Global Fate Calculation for the Polychlorinated 
Biphenyls 
The Globo-POP model was used to examine the relative 
contribution of major loss processes to the rota! loss of 
selected PCB congeners from the global environment. 
Figure 2 compares the relative contribution of sediment 
burial, deep sea transfer, degradation in air and degradation 
in media other than air to the cumulative loss of the seven 
PCB congeners. Atmospheric degradation is more important 
for the lighter congeners while deep sea transfer contributes 
more significantly ro the loss of the heavier congeners. For 
the lighter PCBs, reaction rates with the OH radical are high 
and sorption ro oceanic particles is low. For the heavier 
congeners, deep sea transfer dominates because of a large 
K0 w and a slower race of atmospheric degradation. The 
model suggests that degradation in media other than air 
(mostly in soil) contributed about 20% of the cumulative 
loss of all congeners. Sediment burial appears to be of very 
limited importance for all congeners. A temporal analysis 
reveals that the relative importance of the various loss 
processes has undergone significant shifts in time. For all but 
the two most volatile congeners, degradation in media other 
than air has been increasing steadily since 1980. This is 
caused by a shift in the relative discribucion of the PCBs 
between environmental media. As emissions decreased, air 

Table 1. Parameters with notable impact on the AAP, +, of five perfectly persistent chemicals with different partitioning 
properties emitted into air, listed in sequence of impact 

log K,w 0, log K°' 4 
("volatile") 

log K,w 2, log K
0
, 7 

("volatile/hydrophobic") 

log K, - 4, log K
9
, 12 

("i nvo1ati le/sorb1ng") 

log K,w - 4, log K
0
, 5 

("water solub le") 

log K,w - 2, log K
0
, 7 

("mu ltimedia") 
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Depth of surface ocean > air-water MTC (water side) > extent of sea ice cover> temperature 
> eddy diffusion coefficients in oceans 

Soil depth > soil moisture content > solid phase diffusion in soils> temperature> organic 
carbon content in soil > soil-air MTC (air side) 

Extent of sea ice cover > dry particle deposition velocities > particle scavenging ratio > 
precipitation rate > depth of surface ocean > particle concentration in air> organic carbon 
content in air particles > soil-air MTC (air side) > particle settling rate in oceans 

Eddy diffusion coefficients in oceans> size of fresh water compartment> precipitation rate > 
air-water MTC (air side) >temperature > extent of sea ice cover> water run-off rate 

Extent of sea ice cover> air-water MTC (air side) > depth of surface ocean >temperature > eddy 
diffusivity in ocean > precipitation rate> organic carbon content in soil > particle settling rate 
in ocean > water content in fresh water sediments > size of fresh water compartment> water 
exchange with deep ocean 
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Figure 2. Relative importance of four processes for 
the loss of 7 PCB congeners from the global 
environment as a function of time 
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and water concentrations responded relatively rapidly, 
whereas soils respond much slower. As the races of 
atmospheric degradation and oceanic seeding decreased in 
concert with falling air and water concentrations, the loss by 
degradation in soils remained relatively high, because the 
concentrations in soil decrease much more slowly. This 
means chat future rates of decrease for many PCB congeners 
will be tied to their rate of clearance in soils. 

Another focus of the PCB calculations has been on the extent 
of global redistribution. The general dispersion and 
northbound migration of several PCB congeners is revealed 
by plotting the relative distribution among the five climate 
zones of the Northern hemisphere (Figure 3). The congeners 
with five and more chlorines retain the maximum of their 
distribution within the temperate zone, which received che 
bulk of the cumulative emissions. T his is a reflection of both 
the long-lasting and ongoing release of PCBs into chat zone, 
and the large sorpcive capacity of the soils for these heavy 
PCBs. As the degree of chlorination decreases, the extent of 
the northward shift in distribution increases, reaching a 
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Figure 3. Simulated zonal distribution of the total global 
amount of various PCB homologue in 2000. The 
zonal distribution of the cumulative emissions 
from 1930 until 2000 are depicted as bars. The 
bulk of the distribution of the lighter PCBs, in 
particular those with three and four chlorines, 
is shifted towards the higher latitudes, whereas 
the distribution of the octachlorobiphenyl 
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maximum for the tri- and tetrachlorinaced congeners. As a 

result of rapid degradation, the dichlorinated congener has 
a zonal distribution, chat follows more closely che zonal 
distribution of the emissions. 

T he global distribution model has also been used to 

investigate compositional shifts among the PC B congeners 
between compartments, zones and different t ime periods. 
Due to their wide range of physical-chemical properties, 
PCBs have played an important role in the derivation of 
che concept of global fractionation, which res ults in 
compositional shifts of compound mixtu res with latitude 

(Wania and Mackay, 1993, 1996). The model succeeded 
in reproducing shi fts towards lighter PCB congeners with 
increas ing latitude, as have been observed in various 
measurement campaigns (M uir et al., 1996; Ockenden et 
al., 1998) . The model suggests that these shifts are rather 
complex, namely differ between various environmental 
media, have sometim es surprisi ng anomalies, and change 
in time. This is illustrated in Figure 4, wh ich shows how 

the simulated homologue composition of PC Bs in soil 
shifts to increas ingly more vo latil e homologues with 
increasing latitude. In the time period between 1970 and 
2000, the less volatile congeners increased in relative 

importance as the lighter ones are degraded more readily. 
It should be stressed that these global fractionation 
patterns have been established with only relatively minor 
fractions of the global inventory of PCBs being transferred 
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Figure 4. Simulated homologue composition of PCBs in 
soil in 1970 and 2000. The composition shifts 
to increasingly more volatile homologues with 
increasing latitude. In the past thirty years 
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congeners increased in relative importance 
as the lighter ones are degraded more readily 

1970 2000 
100 

75 .. ..... 
50 

25 

N-Plllar N-Boml N•femp N-Subt1 N-irnpte N·Polir N-Bofeal N-Temp N-Subtr N-Tropte 

northward (Figure 3). Compositional shifts consistent 
with che globa l fractionation hypothesis, as well as 
inverted co ncentration profiles with higher concentrations 
in the Arctic than at lower latitudes, do not require chat 
the bulk of a chemical's global inventory is transferred co 
Arctic latitudes. le is sufficient if differences exist in che 
exrent of re-d istribution of the various PCB homologues, 
even if that re-distribution may be small relative to the 
coral global amount. 

Discussion and Conclusions 
Arctic amplification of organic contaminancs occurs and can 
be quantitatively reproduced and explained with zo nally 
averaged global transport models. Such enrichment can be 

caused by temperature dependent physical-chemical processes 
or by differential persistence. Often it is a combination of 
both. The highest potential for relative Arctic enrichment is 
predicted for chemicals chat are sufficiently mobile to reach 
the Arctic (either by atmospheric or oceanic convection), 
and at the same time have an intermediate climate-dependent 
degradabilicy, that leads to races of concentration decline that 
are faster in sou rce regions than in the Arctic. Evidence of 

such enrichment are elevated concentration levels in Arctic 
media ("cold condensation") and shifts in che relative com
position of contaminant mixtures ("global fract ionation"). 
Boch phenomena are reproduced by che models. 

Importan tly, Arctic ampl ifi ca tio n neither implies nor 
requires a red istribution of the bulk of che emitted global 
amount of a chemical to No rthern lat itudes. The model 
calculatio ns reveal chat even relatively sma ll fractions of 
an organic chemica l's inventory being transferred 
northward can results in inverted concentration profiles 
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(levels that increase with distance from source) and 
fractionation patterns (shifts in relative composition with 
distance from source). Relatively small amounts can result 
in high concentrations in the Arctic because of the 
relatively small size of the Arctic as a whole and of the 
environmental phases with high capacity for hydrophobic 
organic chemicals (organic soils, vegetation, organic 
sediments) within the Arctic. Speaking in fugacity terms, 
the Arctic environment has a relatively small fugacicy 
capacity or Z-value for hydrophobic organic chemicals 
because of the sparsity of organic matter in the terrestrial 
and marine environment. Because of this limited "dilution 
potential" relatively small amounts of such chemicals can 
result in high fugacicies and concentrations. 

It is possible to assess and predict che Arctic amplification 
potential of an organic chemical from a knowledge of its 
temperature dependent partitioning properties and 
climate dependent degradation rates . 

Expected Completion Date 
The bulk of che research project has been completed. The 
last of the publications will likely be submitted by the end 
of the year 2002. 
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The arccic fox and wolverines are a circumpolar species 
found across the Canadian and Alaskan arctic environ
ment. The feed ing selection of the arctic fox differs 
between summ er and winter, and inland versus coastal/ 

island environments due to seasonal distribution and 

abundance of avai lab le prey. The omnivorous diet of 

wolverines, on the other hand , is generally regarded as 

terrestrial-based. Stable isotope analyses of arccic fox from 
Barrow, AK, Holman (Ulukhaqcuuq), NT, and Arviac, 

NU show chat crophic position (as inferred from ll " N) 
was correlated with increasing stable carbon isotope values 
(8 11C), suggesting chat trophic level increases as these 
populations shift their terrestrial/freshwater-based feeding 

select ion to the marine env ironm e nt. However, 
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comparison of stable isotope data with persistent organo
chlo rin e (OCs) concentrations indicates that trophic 
position may not influence concentrations for all major 
OC groups. Contaminant profiles suggest chat arccic fox 
and wolverines have similar ability to biotransform OCs, 
and that marine mammals may represent a significant 
contribution to the overall exposure of persistent organo
chlorine contaminants to wolverines. Analysis of elements 
in arcric fox and wolverine tissues indicates a moderate 

degree of exposure to toxic and essential elements, whi ch 
is likely of natural origin. While OC concentrat ions, 

particularly IPCB, were highly variable, concentrations 
in the arctic fox and wolverines were generally below those 
associated with toxicological endpoints for adverse effects 
on mammalian reproduction. Further research is required 

to properly elucidate the potential wildlife health risk 
from OC exposure to these species. 

Key Project Messages 
I. Stable isotope data suggest chat arctic fox feeding from 

the marine environment occupy a higher trophic level 
tha n foxes employing a terrestrial-oriented feeding 

strategy. 

2. Contaminant profiles suggest that arccic fox and 
wolverines have similar ability co biotransform OC, 
and that marine mammals may represent a significant 
contribution co the overall exposure of persistent 
organochlorine contaminants co wolverines. 

3. Preliminary results suggest chat element concentrations 
in arctic fox and wolverines are low and comparable to 
other terrestrial arctic mammals. 

4. While IPCB concentrations in arctic fox and wo lver
ines are generally below those associated with adverse 
impact on mammalian reproduction, furt her research 

is required to properly elucidate the potential health 
impacts to rhis species from exposure co other OCs, 
such as chlordane-related compounds . 

Objectives 
I. To quantify the crophic ecology of the arccic fox via 

stable isotope analysis. 

2. To determine tissue residue concentrations of OCs 
and elements in arctic fox and wolverine populations 
from the arcric coastal environment. 

3. To assess wherher or not OC residue levels found in 
arctic fox and wolverines pose a potential wild li fe 
hea lth risk. 
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Introduction 
The arctic fox (Alopex lagopus) and the wolverine ( Gulo 
gulo) are circumpolar species widely distributed across 
northern Canada and Alaska (Banfield, 1987). Arctic foxes 

are a socio-economically important species because of their 
valuable pelt (Banfield, I 987; Hiruki and Stirl ing, I 989) 
and a source of meat in some no rthern communi ties 

(Kassam, 1999). T he arctic fox co nstitutes an important 
component of both the terrestria l and marine ecosystems 
as an efficient scavenger (Hiruki and Stirling, 1989) and 

its feeding strategy may seasonal ly shi ft between the marine 
and freshwater environment (Fay and Stephenson, 1989) . 
In contrast, the omnivorous feedi ng strategy of wolverines 

is terrestrially based; primarily feed ing upon birds, eggs, 
and terrestrial mammals, including ground squirrels and 

caribou carcasses (Magoun, I 987). 

There are distinct differences in the summer and winter diets 

of inland versus coastal/island foxes. T he feeding selection 
of this species in winter is necessarily different from those in 
summer based on the seasonal distribution and abundance 

of available prey (Fay and Stephenson, 1989). Inland, the 
diet of the arctic fox consists of smal l mammals, eggs and 

fledglings of ground-nesti ng birds and caribou remains 
(Banfield, 1987). Coastal foxes eat marine invertebrates 
(Kapel, 1999) and fish (Banfield, 1987) in summer and 

scavenge the remains of ringed seals and bearded seals killed 
by polar bears and actively prey on newborn seal pups in the 
winter and spring (Fay and Stephenson, 1989; Hiruki and 
Stirling, 1989; Kapel, 1999). 

Stable isotope analyses can be used to distinguish popu la 
tions feeding at different rrophic levels, and between 

marine and terrestrial/freshwater-based diets. In singl e 
system studies, it is possible to use stable- nitrogen ratios 
("Ni"N; 8 15N) to determine t roph,c relationships since 

nitrogen ratios increase by regular increments from one 
trophic level to the next. Measurements o f natura ll y 

occurring stable isotopes in food webs ca n also be used to 

delineate relative inputs from freshwater and mari ne 
biomes (Kelly, 2000). Since 11C is sl igh tly enriched with 

increasing trophic level, the measure of 11C/ 12C (8'3C) in 
biological systems can describe rrophic interactions by 

quantifying the relative contribu tions of marine versus 
terrestrial carbon sources (Kelly, 2000) . While 8 13C values 

in arctic fox feeding from terrestrial and marine- based 
habitats have been recorded (Angerbjii rn et al. , 1994), the 
influence of feedi ng se lection (marine vers us terrestri al) 

on trophic position, as inferred from 8 11N, had not been 
investigated prior to this study. 

The accumulation of persistent organochlorine co ntam i 

nants (OCs) in the terrestrial arctic environment has been 
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mainly focused on herbivores such as ca ribou , as they are 

an important food source of northern peoples. Due t0 the 

potentia l biomagnification of OCs, top rrophi c level 

carnivores, such as wolverines, may accum ulate OCs at 

relatively high concentrations compared to other terrestrial 

biora. However, no reports of OC concentratio ns in 
wolverines have been published. Previous investigations 

have suggested that some arctic fox populations are exposed 

ro 1PCB at sufficient co ncentration tO affect reproductive 

success. Brunstriim and Halldin (2000) concluded that 

~PCB concentrations in arctic fox liver from Svalbard 

exceeded tO xicological endpoints for reproductive success 

in mink (Mustela vi.son) and OC exposure may be a concern 

for the arctic fox population. 

Activit ies 

In 2001 -2003 
As part of a project enti cled Human and Chemical Ecology 

of Arctic Pathways by Marine Pollutants being conducted 

in Holma n (Ulukhaq ruuq) as well as in communities in 

Alaska, arc tic fox muscle and li ver were collected in 

1999--200 1 by Inuit subsistence hunters and trappers 

from Ul ukhaqtuuq, NT (n = 20, muscle and li ver) along 

with North Slope Borough Public Health Office person

nel in Barrow, AK, USA (n = 18 muscle and liver). During 

the winter of 200 I , 50 ca rcasses of arctic foxes were 

collected with th e help of local hunters and trappers from 

Arv at, NU. Foxes were collected by quick-kill techniques 

(i.e. shooting, quick-kill traps) and specimen data (i.e. sex, 

length, weight) was recorded by Department of Wildlife 

Manage ment sta ff, Public Health Office person nel 

(Barrow); and local hunters (Ul ukh aqtuuq and Arviat). 

Wolveri ne ( Gulo gulo) carcasses (n = 12) were collected 

from the coastal community of Coppermine (Kugluktuk), 

NU in 1998-1999 and were made ava ilable from the 

Govern ment of the NWT for interspecies comparison. 

Fox and wolverine specimens co llected in close proximity 

tO huma n activ ity were omitted from this study tO 

minimize the contribution of municipal waste on stab le 

isotope and contaminant profiles . Tissues were sto red at 

-20°C and homogenized prior t0 analysis. Age estima

tion for arctic fox and wolverin es was quantified from 

cementum layers in canine teeth (Matson Laborat0ry, 
Millt0wn, MT). 

Arctic fox liver and muscle tissues from Ulukhaqruuq , 

Barrow, and Arviat and wo lverine livers from Kugluktuk 

were analyzed for various organoch lorine analytes . A total 

of 100 PCB co ngeners and 30 organochlorine pesticides 

and related compou nds were quantified by GC-ECD using 
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a series of external standards. T oxaphene was analyzed by 

GC-MSD with electron capture negative ionization mode 

and was quantified using a single response fact0r based on 

technical t0xaphene and a series of external chlorobornane 

standards. Detailed analysis of essential and non-essential 

elements (Ag, AJ , As, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, 

Mo, N i, Pb, Sb, Se, Sn, Sr, TI , U, V, and Zn) in arctic fox 

and wolverine liver tissues was performed by ICP-MS. 

Additional mercury (Hg) and cadmium (Cd) analysis in 

liver and kidney was performed by GFMS. Randomly 

selected arctic fox liver samples from Arviat were analyzed 

for monomethyl-Hg (M eHg) analysis. The results of these 

analyses were submitted for peer-reviewed publication in 

three scientifi c journals (see Hoekstra et al., 2003a, b, c) 

and are summarized herein. 

Results and Discussion 

Stable isotope profile 
The 811 values in arctic fox muscle were positively corre

lated with 813C signatures at Ulukhaqtuuq, NT, Arviat, NU 

and Barrow, AK (Figure 1). As previously stated, the diet of 

arctic fox consists of smal l mammals such as lemmings, 

arctic hares, and ground squirrels as well as caribou carcasses 

and eggs and fledglings of ground-nesting birds. The st0mach 

contents of arctic fox collected at Arviat revealed recent 

Figure 1. Stable carbon (8 13C) versus nitrogen (8 15N) 
isotope ratios in artic fox muscle from Holman 
(Ulukhaqtuuq), NT (n = 20), Arviat, NU (n = 20) 
and Barrow, AK (n = 18). The regression for 
Ulukhaqtuuq and Barrow are the solid and 
dashed line, respectively. The thick solid line 
indicates linear regression for Arviat. The 
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feeding on caribou and other terrestrial mammals and 
supports these reported field observations. 

The relationship between o 13C and o"N suggests char 
relative trophic position increases as the arctic fox at 
Holman, Barrow, and Arviat shilt their relative terrestrial/ 
freshwater-based feeding selection to the marine environ
ment. The o"C signatures found in arctic fox border 
those o"C signatures found in other terrestrial and marine 
biota from Ulukhaqtuuq and Barrow. This is consistent 
with reported o''C values observed in other coastal and 
inland arctic fox populations from Iceland and previous 
field observations of arctic fox feeding behavior. However, 
arctic fox cannot be strictly classified as having predomi
nantly marine or terrestrial-based diets. This species is 
considered a "highly opportunistic" scavenger, and its diet 
can vary tremendously over time and between individuals. 
As a result, the trophic level of food items, frequency and 
(or) magnitude of feeding events may be variable and 

stable isotope signatures in arctic fox will likely reAect a 
gradient between the marine and terrestrial ecosystems. 

Organochlorine concentrations 
The wee-weight concentrations of sum-group (L) OCs in 
arcric fox liver and muscle (by sire) and wolverine liver 

are presented in Table I. While concentrations for some 
OCs were significantly different between locations, rhe 
overall pattern of OC accumulation in arctic fox muscle 
and liver was similar at each community. LPCB and 
chlordane-related (CHLOR) compounds were the major 
organochlorines present in arctic fox and wolverines. At 
all sires, the rank order for OC groups in arctic fox 

muscle was LPCB > LCHLOR > LHCH > TOX > 
LCIBz > LOOT. In liver, LCHLOR was the most abun

dant roe group, followed by LPCB > TOX > LHCH 
> LCIBz > LOOT. In wolverines, the rank order of 
hepatic concentrations were LPCB > LCHLOR > 
LOOT > LHCH. The most abundant OC analytes 
detected in arctic fox and wolverines were PCB-I 53, 
PCB- I 80, 13-HCH, and oxychlordane. 

OC concentrations were not significantly correlated with 
rrophic position (as interpreted from o" N) except for 
a- and 13-HCH isomers (p < 0.05). We hypothesize that 
the disparity between OC concentrations and o1' N may be 
attributed to different turnover rates in metabolically active 
tissue, the inAuence of maternal transfer of OCs and stable 

isotopes via lactation during early life-stage development, 
age, relatively high metabolic capacity, and (or) other fac
tors inAuencing OC accumulation in the arctic fox chat 
have not been accounted for in this investigation. 
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The biorransformarion capacity of arcric fox and wolverines 

is an important factor governing the accum ulation of OCs 
in this species. For example, the distribution of PCBs in 
arctic fox and wolverine liver was dominated by hexa- and 

hepta-Cl substituted congeners (35-40% and 25-30% of 
LPCB, respectively). However, these profiles are comp rised 
of relatively few congeners and are similar among species 
(Hoekstra et al., 2003c). Concentrations ofOCs in wolver

ines, particularly PCBs, were greater than values reported in 
other high rrophic level terrestrial mammals, including 
wolves ( Can is lupus), and comparable to marine mammals. 

A plausible explanation of these relatively high OC 
concentrations is that the feeding strategy of this wolverine 
population is similar to the arctic fox and has increased OC 

exposure due to the scavenging of marine mammals 
(Hoekstra et al., 2003c). 

This hypothesis is further supported by the quantification 
of OC biomagnification factors (BMFs) to wolver ines 

from terrestrial (e.g. caribou) and marine mammals (e.g. 
ringed seals). BMFs for a hypothetical caribou-wolverine 

food chain were generally greater than va lues reported fo r 
the caribou-wolf food chain. For example, the BMF of 
PCB-153 was approximately 16 from caribou ro wol f 
(Kelly and Go bas, 200 I), whereas the BMF of PCB-153 

from caribou to wolverines was > 800. The BMF values 
determined for a seal- wolverine food cha in ranged 

from 0.79 (for HCB) to 4.1 (for LPCB), and are in 
general agreement with the BMFs for OCs in other 

mammals, including arctic fox. These results suggest char 
caribou and other terrestrial mammals do not represen t 
the major source of OCs to wolverines and that wolverines 

are consuming more contaminated prey items, such as 
marine mammals, along with a terrestrially oriented diet 
at this location (Hoekstra et al., 2003c) . 

Brustrom and Halldin (2000) observed chat PCB levels 
in arctic fox liver samples from Svalbard were above the 
lowest-observed-adverse-effect-level (LOAEL) value fo r 

reproductive impairment in mink, suggested that this 

arctic fox population may be exposed to sufficient PCB 
concentrations to cause adverse reproductive effects. The 

LPCB concentrations in wolverines and arctic foxes fro m 
Barrow and Arviat were below the toxicologica l endpoints 
described therein. While LPCB concentrations in two 

liver samples exceeded the LOAEL for PCB-induced 
reproductive impairment in mink, the majoriry of li ver 

and muscle samples quantified in this study conta ined 
lipid-normalized LPCB less than the co ncentrations 

associated with reproductive toxicity. However, th e 
cumulative toxicologica l effects on wolverine and arctic 

fox reproduction, or other biological parameters, due to 

OC exposure cannot be assessed by only considering the 
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Table 1. Mean stable N and C values in muscle, lipid content, and concentrations(± 1 standard error) of l OC groups in 
arctic fox tissues and wolverine liver (ng g ', wet weight) by site 

Tissue Lipid(%) 613C 615N l CIBz• l CHLOR' 1001' l HCH' l PCB' TDX1 

Arctic fox 

Barrow, AK 
Liver 7.7 ± 1.6 12 ± 1.7 236 ± 82 8.7 ± 0.9 22 ± 5.1 124 ± 32 28 ± 8.1 
Muscle 7.1 ± 1.2 -23.5 ± 0.3 11.2 ± 0.4 9.9 ± 2.6 42 ± 17 5.8 ± 0.7 14 ± 5.0 81 ± 22 10 ± 2.6 

Ulukhaqtuuq, NT 
Liver 9.2 ± 1.3 4.2 ± 1.0 219 ± 56 4.0 ± 0.8 11 ± 2.1 124 ± 39 17 ± 4.5 
Muscle 5.6 ± 0.6 -24.5 ± 0.3 9.3 ± 0.4 4.4 ± 0.6 34 ± 8.9 1.9 ± 0.5 5.4 ± 0.9 48 ± 9.2 4.5 ± 1.2 

Arviat, NU 
Muscle 9.1 ± 0.9 -23.5 ± 0.2 8.0 ± 0.5 17.6 ± 6.4 96 ± 27 8.5 ± 2.4 21 ± 12 156 ± 18 11 ± 1.9 

Wolverine• 

Liver 3.8 ± 0.3 1.5 ± 0.3 14 ± 6.1 7.9±3.9 1.5 ± 0.5 75 ± 18 

, ~CIBz = sum of 1,2-diCIBz, 1,2,3-InCIBz, 1,2,4-InCIBz. 1,3,5-IriCIBz, pentaCIBz, and hexachlorobenzene, • :;:cHLOR = sum of sum of cis-chlordane, trans-chlordane, 
oxychlordane, c,s-nonachlor, trans-nonachlor, heptachlor, and heptachlor ew-epoxide, ' :;:ooT = sum of o,p'-DDD, p,p'-DDD, o,p'-DDE, p,p'-DDE, o,p'-DDT, and p,p' .flDT, 
• :,:HCH = sum of a-HCH, ~-HCH, and -y-HCH; • :l:PCB = sum of 4/10, 7/9, 6, 8/5, 19, 12/13, 18, 15/17, 24/27, 16, 32, 54/29, 26, 25, 50, 28, 31, 33/21/53, 51, 22, 45, 46, 
52, 49. 43, 47/48, 44, 59, 42, 64, 41/71, 40, 100, 63, 74, 76/98, 70, 95/66, 91 , 55, 56/60, 92/84, IOI, 99, 119, 83, 97, 87, 81, 85, 136, 110, 82, 151, 135, 144, 1071147, 
149/133, 118,114,143,141,145,153,132,105, 141/179, 137, 176/130, 163,138,158, 129/178, 175, 187,182,183, 128,167,185,174,177,171,156, 202/173, 172, 
197. 180. 193, I 91, 199, 170/190, 198, 201, 176/203, 189, 206, 195, 207, I 94, 205, 208, and 209, 1 TOX = sum of all toxaphene components, • Wolverine hvers from 
Kugluktuk. NU (Hoekstra et al., 2003b, c) 

Table 2. Mean concentrations (µg g- 1, wet weight± 1 standard error) of cadmium, mercury lead, arsenic, selenium, 
copper, zinc manganese and iron in arctic foxes and wolverines from the Canadian Arctic (reported in Hoekstra et al., 
2003a) 
Tissue Kidney 

Site Cd Cd Cu Fe 

Arctic fox 

Ulukhaqtuuq, NT 
(n=l5) NQ 0.21 ± 0.04 5.5 ± 0.64 285 ± 25 

Arviat, NU 
(n=50) 1.08 ± 0.19 0.18 ± 0.03 7.1 ± 0.49 344 ± 16 

Wolverine 

Kugluktuk, NU 
(n=l2) 0.67 ± 0.18 010±001 32 ± 5.7 356 ± 25 

impact of lPCB exposure. Furrh er research is necessary 
to quantify the possible risk of OC exposure to the overall 
health of arctic fox and wolverine populations. 

Heavy metal concentrations 
Most trace elements (Ag, Al, As, B, Ba, Be, Co, Cr, Mo, 
Ni, Sb, Sn, Sr, TI, U, and V) were below method detec
tion limits. The concentrations of the measurable elements 
in arctic fox and wo lverine liver are presented in Table 2. 
Concen trations of essential elements (Cu, Fe, Zn) in 

arctic fox and wolverines are likely within normal 
physiologica l limits and reflect the concentrations 
necessary for adequate bio logica l function with each 
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Liver 

Mn Pb Se THg Zn 

3.6 ± 0.35 < 0.18 0.79 ± 0.08 0.85 ± 0.22 29 ± 2.9 

3.7±0.16 0.70 ± 0.10 0.88 ± 0.12 0.77 ± 0.25 29 ± 1.8 

3.6 ± 0.31 < 0.18 0.68 ± 0.04 0.13 ± 0.02 35 ± 3.3 

species. These results demonstrate that non-essential 
element concentrations are relatively low compared to 

marine biota and are similar to other terrestrial-based 
mammals, such as caribou and reindeer (AMAP, 1998), 
and arctic fox from Svalbard (Prestrud et al., 1994). 

Hepatic total Hg (THg) concentrations in arctic fox from 
this study were not significantly different from specimens 

collected in 1973 from Ulukhaqtuuk suggesting that THg 
concentrations have not changed dramatically over the 
past 30 years. The mean (± 1 standard error) hepatic 
MeHg concentrations in arctic fox from Arviat 

(0.14 ± 0.07 µ.g g I wet weight) comprised 14% ofTHg. 
While the molar concentrations ofTHg were correlated 
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with Se in arccic foxes and wolverines, hepatic Hg/Se 
molar rations were consistently lower than unity 
suggesting chat Se-mediated detoxification pathways of 
Hg are not overwhelmed at current exposure. However, 
ancillary mechanisms for Hg detoxification in these 
species may exist and need to be considered (Hoekstra et 
al., 2003a). 
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Abstra ct 
Archived arccic seabird eggs from Prince Leopold Island 
in che Canadian High Arctic collected as far back as the 

mid 1970s have been analyzed retrospectively co ascertain 
trends for organochlorine compounds as well as mercury, 
but compounds such as dioxins, furans and ocher haloge
nated organic compounds have never been analyzed in 
chose eggs. Preliminary analysis of the data suggests chat 
concent rations of dioxins and furans appear ro have 
decreased in northern fulmars berween 1975 and 1998 
whereas in chick-billed murres, che pattern is less clear. 
Toca! non-ortho PCBs have decreased in boch che fulmars 

and the murres whereas concentrations of polybrominaced 
diphenyl ethers have increased dramatically in both chose 
species. Stable isotope measurements , co determine if 
changes over time are due co contaminant changes in the 
environment or to changes in diet of the birds, have 
shown chat the dices of che birds have not changed 
significantly over the period of che study. Therefore, che 
contaminant trends over time reflect changes in 

contam inant levels in the environment. 

B. Braune 

Key Project Messages 
I. Dioxins and furans decreased in northern fulmars 

between 1975 and 1998 whereas in chick-billed 

murres, che pattern is less clear. 

2. Total non-ortho PCBs decreased in both fulmars and 
murres whereas polybrominaced diphenyl ethers 

increased in both chose species. 

Objectives 
In order to identify contaminant temporal trends as 
described under Section 2.1 of the Monitoring Blueprint, 
ic is proposed chat archived arccic seabird egg contents be 
analyzed for polychlorinaced dibenzo-p-dioxins (PCDDs), 
polychlorinaced dibenzofurans (PCDFs), coplanar PCBs 

and polybrominaced diphenyl ethers (PBDEs) in order to 
determine whether concentrations of chose residues have 
changed over the period from 1975 co 1998. 
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Introduction 
In the Canadian Arctic Contaminants Assessment Report, 
Muir et al. (1997) concluded that " The lack of temporal 

trend information for most contaminants is perhaps the most 

significant knowledge gap at the present time." The Canadian 
Wildlife Service (CWS) seabird egg monitoring program 
was established to provide an index ro contamination of 
the marine ecosystem and possible implications for seabird 
health. Eggs and livers of thick-billed murres, black-legged 
kittiwakes and northern fulmars collected from Prince 
Leopold Island in the Canadian High Arctic during 
1975-1998 are archived in the CWS Specimen Bank. 
Analyses of livers from birds collected in 1975 and 1993 
showed that concentrations of total PCDDs and PCDFs 
decreased while non-ortho PCBs increased in northern 
fulmars whereas in thick-billed murres, PCDDs and 
PCDFs increased and non-ortho PCBs decreased from 1975 
to 1993 (Braune, 2001). The highest PBDE levels were 
detected in the 1993 egg and liver samples of kittiwakes, 
and the 1993 murre and fulmar samples also contained 
ng/g levels, whereas only a trace of PBDE-47 was detected 
in the 1975 kittiwake livers and no PBDEs were detected 
in the liver samples of thick-billed murres and black-legged 
kittiwakes from 1975 (Braune, 2001). Since the data sug
gest that exposure to PBDEs has increased from 1975 to 
1993 in the three arctic seabird species analyzed, and that 
PCDDs and PCDFs have increased in thick-billed murres 
and non-ortho PCBs increased in northern fulmars 
(Braune, 2001), it was proposed that a detailed retrospective 
analysis be undertaken to examine temporal trends of 
PCDDs, PCDFs, non-ortho PCBs and PBDEs in Canadian 
arctic seabirds. 

Activities 

In 2001-2003 
Archived egg homogenates of ch ick-bi lled murres ( Uria 

lomvia) and northern fulmars (Fulmarus g!acialis) collected 
from Prince Leopold Island in the Canadian High Arctic 
in 1975, 1987, 1993 and 1998 were retrieved from the 

CWS Specimen Bank and analyzed in pools of 5 eggs each 
fo r PCDDs, PCD Fs, coplanar PCBs and PBDEs using 
H RGC/HRMS Selected Ion Moni toring (S IM) accord ing 
co CWS Method No. MET-CHEM-PCDD-0lC (Simon 

and Wakeford, 2000) in order to examine temporal trends 
of these co mpounds. T he choice of species was based on 
res ults showing that the ful mars contained the highest 
levels of PC DDs and PCDFs, and the data fo r the murres 
suggests that co ncentrations may be increasing in that 
species (Braune, 2001) . 
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Results 
Preli minary ana lysis of the data sugges ts that concentra
tions of 1PCDD and 1 PC DF appea r to have decreased 
in northern fulmars between 1975 and 1998 (Figure 1) 
whereas in thick-billed murres, the pattern is less clear 

(Figure 2). Concent ra ti o ns o f total non- ortho PCBs 
(1NOPCB) have decreased in both the fulmars and the 
murres (Figure 3) whereas concentra tions ofIPBDE have 

increased dramatically in both those species (Figure 4). 

Discussion and Conclusions 

Dioxins (PCDDs) and Furans (PCDFs) 
Polychorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans 
(PCDFs) enter the environment as by-products of industrial 

processes. The tetra- co octa-chlorinated PC DD/Fs have lower 
vapour pressures and Henry's law constants than PCBs and are, 

therefore, not expected co w1dergo long-range transport co the 
same extent as PCBs (Mackay et al., 1992). The major sources of 
PCDD/Fs co air are: (i) low-temperature incineracion of chlorine

containing waste such as plascics, particularly where incomplete 
combuscion occurs, (ii) wood burning and other combustion, 
and (iii) merallurgical industries (de March et al., 1998). Such 

accivities located in or near the Arccic are suspected as local sources 
of PCDD/Fs to the Arccic environment (de March et al. , 1998). 
Dated sedin,enr cores from a remote lake on Isle Royale in Lake 

Superior indicate that atmospheric deposicion of PC DD/Fs has 
been declining there since the late 1970s (Baker and Hires, 2000). 

Concentracions ofTCDD, PnCDD and HxC DD in herring 
gull eggs showed a decline in most colonies of the Great Lakes 

between 1981 and 1984 followed by no obvious temporal trends 
between 1984 and 1991 (Hebert et al ., 1994) . No significant 
change in concentrations of PCDD/Fs in ringed seals from the 

Canadian Arccic was observed during the period from 1981 to 

1996 (Addison, 2000) . Preliminary analysis of the data for 

Canadian Arccic seabirds suggests that concentracions of1PCDD 
and 1PCDF appear co have decreased in northern ful mars 
between 1975 and 1998 (Figure 1) whereas in thick-billed murres, 

the pattern is less clear due mai nly to a slight increase in 
concentrations in 1993 (Figure 2) . Concentrations of coral 
non-ortho PCBs (LNOPCB) have decreased in both the fulmars 

and the murres between 1975 and 1998 (Figure 3) . Given the 
rather inconclusive results for the thick-billed murres, in particular, 
additional analyses for PCDDs and PC DFs in archived egg 

samples from 1976, 1977, 1988 as well as analysis of the proposed 

egg colleccions for 2003 may help to better define a trend for 
the murres. 
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Figure 1. Mean concentrations (pg/g wet weight) of total 
PCDDs (IPCCD) and total PCDFs (I PCDF) 
in eggs of northern fulmars collected from 
Prince Leopold Island 
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Figure 3. Mean concentrations (pg/g wet weight) of total 
non-ortho PCBs (sum of PCB-77, PCB-81 , 
PCB-126, PCB-169) in eggs of thick-billed 
murres (TBMU) and northern fulmars (NOFU) 
collected from Prince Leopold Island 
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Polybrominated diphenyl ethers (PBDEs) 
Polybrom inared diphenyl ethe rs (PBDEs) are aromatic 

compounds that are structurally related to the PCBs but with 

bromine substitution instead of chlorine. Several brominated 

organic compounds are used as flame retardants in polymeric 

materials (Bergman, 1989). The increas ing use of flame 

retardants in modern societies has led ro increases of PBDEs 

in rhe environment (Sellstriim, 1996). Concerns for PBDEs 

are very similar to those for PCBs. Concentrations of 158.2 to 

1909 ng/g lw in black guillemot eggs and 2140 ng/g lw in 
osprey muscle were reported by Sellsrriim et al. ( 1993) for 

Swedish wild li fe . Mean concentrat ions of IPBDE in 

northern fulmars and thick-billed murres from d1e Canadian 
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Figure 2. Mean concentrations {pg/g wet weight) of total 
PCDDs (I PCDD) and total PCDFs (I PCDF) 
in eggs of thick-billed murres collected from 
Prince Leopold Island 
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Figure 4. Mean concentrations (pg/g wet weight) of total 
PBDEs in eggs of thick-billed murres (TBMU) and 
northern fulmars (NOFU) collected from Prince 
Leopold Island 
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Arctic (this study) were 17.9 and 20.3 ng/g lw, respectively, 

in 1998. There is evidence for increasing concentrations of 

PBDEs in black guillemot eggs from Sweden (Sellstriim er 

al. , 1993), herring gull eggs from the Great Lakes (Norstrom 

et al. , 2002), as well as in beluga (Stern and lkonomou, 2000) 
and ringed seals (Addison 2000) from the Canadian Arctic. 

Recent concentrations of total PBDEs in Canadian Arctic 

beluga blubber range up to almost 18 ng/g lw (Stern and 
Ikonomou, 2000, 200 I) and in Great Lakes herring gull eggs, 

up to 1400 ng/g ww in 2000 (Norsrrom er al ., 2002). Con

centrations in the fulmars and murres from the Canadian 

Arctic were several orders of magnitude lower (maximum of 

2.9 ng/g ww in thick-billed murre eggs in 1998) than 
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concentrations found in Great Lakes herring gu!l eggs in 
2000. Stable-nitrogen isotope ratios (1 5N/1'N) for archived 
egg content samples of fulmars and murres from the 
Canadian Arctic show that there have been no significant 
shifts in trophic relationships over time (Braune et al., 200 I). 
Therefore, the contaminant trends over time reflect changes 
in contaminant levels in rhe environment. 

Expected Completion Date 
The project was completed March 31, 2003. 

References 
Addison, R.F. 2000. PCDD/F and related contaminants 

in ringed seal from Holman, NT, I 981-1996. 
Northern Contaminants Program Results Workshop, 
Calgary, AB, 26-28 September, 2000. 

Baker, J .I. and R.A. Hites. 2000. Siskiwit Lake revisited: 
time trends of polychlorinated dibenzo-p-dioxin and 
d ibenzofu ra n deposit ion at Isle Royale, Michigan . 
Environ Sci Technol. 34:2887-289 I. 

Bergman, A. 1989. Brominared flame retardants in a 
global environmental perspective. Proceedings from 
the Workshop on Brominared Aromatic Flame 
Retardants, pp. 13-23. Swedish National Chemicals 
lnspecrorate, Solna, Sweden. 

Braune, B. 200 I. Retrospective survey of organochlorines 
and mercury in arctic seabird eggs. In: Kalhok, S. (ed.), 
Synopsis of Research Conduaed Under the 2000-2001 
Northern Contaminants Program. Indian Affairs and 
Northern Development Canada, Ottawa. pp. 160-165. 

Braune, B.M., G.M. Donaldson, and K.A. Hobson . 2001. 
Contam inant residues in seabird eggs from the 
Canadian Arctic. I. Temporal trends I 975-1998. 
Environ Pollut. I 14:39-54. 

de March, B.G.E., C.A. de W it, D.C.G. Muir, B.M. 
Braune, D.J. Gregor, R.J. Norstrom, M. Olsson, J.U. 
Skaare, and K. Stange. 1998. Chapter 6: Persistent 
Organic Pollutants. In : AMAP Assessment Report: 
Arctic Poll u tion Issues. Arctic Moniroring and 
Assessment Programme (AMAP), Oslo, Norway. 
pp. 183-371. 

H ebert, C.E., R.J . No rst rom, M . Simo n, B.M . Braune, 
D.V. Weseloh, and C.R. Macdonald. 1994. Temporal 
trends and sources of PCD Ds and PCDFs in the Great 
La kes: herring gull egg monitoring, 1981-199 I. 
Environ Sci Technol. 28: 1268-1277. 

254 

Mackay, D., W.Y. Sh iu, and K.C. Ma. 1992. lllusrrated 
handbook of phys ica l-chemica l properti es and 
environmental fares fo r organic chemicals. Volume II. 
Polynuclear aromatic hyd rocarbo ns, polychlorinated 
dioxins, and dibenzofura ns. Lewis Publishers, Chelsea, 

Michigan. 597 p. 

Muir, D., B. Braune, B. de Ma rch , R. Norstrom, R. 
Wagemann, M . Gam berg, K. Poole, R. Addison , D. 
Bright, M. Dodd, W. Duschenko, J. Eamer, M. Evans, 
B. Elkin, S. Grundy, B. H argrave, C. H ebert, R. 
Johnsrone, K. Kidd, B. Koenig, L. Lockhart, J. Payne, 

J. Peddle and K. Reimer. 1997. C hapter 3. Ecosystem 
Uptake and Effects. In: Jensen, J ., K. Adare, and R. 
Shearer, (eds), Canadian Arctic Contaminants Assess
ment Report, Ind ian and No rthern Affairs Canada. 

Ottawa. 

Norstrom, R.J., M. Simon, J. Moisey, B. W akefo rd, and 
D.V. Weseloh. 2002. Geographical distribution (2000 1 

and temporal trends (I 98 1 co 2000) of brominated 
diphenyl ethers in Great Lakes herrin g gull eggs. 
Environ Sci Technol. 36:4783-4789 . 

Sellstrtim, U. 1996. Po lybro mina ted diph enyl ethers 
(PBDE) in the Swedish enviro nm en t. M .S. Thesis. 
Dept. Environmental Chemistry, Srockh olm 
Universiry, Stockholm, Sweden. 

Sellsrrom, U., B. Jansson, A. Kierkegaa rd, C. de W it, T 
Odsjti, and M. Olsson. 1993. Polybrominated diphenyl 
ethers (PBDE) in biological samples from the Swedis~ 
environment. Chemosphere. 26: 1703- 17 18 . 

Simon, M. and B.J. Wakeford. 2000. Multires idw 
method for the determinatio n o f po lychl o rinarec' 

dibenzo-p-dioxins, polych lorinated dibenzofurans and 
non-ortho substituted polychl orin ated biphenyls in 
wildlife tissue by HRGC/HRM S. T echni ca l Repor, 

Series No. 336E. Canadian W ildli fe Service, H ead 
quarters, Hull, Quebec, Canada. 4 1 p. 

Stern, G.A. and M. lkonomou. 2000. Temporal trends or 
polybrominated biphenyls and polybro minated an <.. 
polychlorinated diphe nyl ethers in so urheast Baffi, 

beluga. In: Kalhok, S. (ed.), Synops is of Researd 
Conducted Under the 1999-2000 No rth ern Con 
taminants Program. India n Affa irs and No rth err 
Development Canada, Ottawa. pp. 227-232. 

Stern, G.A. and M. lko nomou. 2001. T empora l trends of 
organohalogen compo unds in Canadi an Arctic beluga 
In: Kalhok, S. (ed .), Synopsis of Research C onducted 
Under the 2000-200 I Northern Contaminants Pro· 
gram. Indian Affairs and Northern Develo pmen 
Canada, Ottawa. pp. 237-242. 

B. Braune 



Role of Contaminants 
in Seaduck Population Decline: 

Metals in Long-Tailed Duck (Oldsquaw) 

Project leader 
Birgit Braune, National Wildlife Research Centre, Canadian Wildlife Service, 
Environment Canada, Carleton University (Raven Road) , 
Ottawa, ON KIA OH3; phone: (613) 998-6694; fax: (613) 998-0458; 
e-mail: birgit.braune@ec.gc.ca 

Project team 
Bryan Wakeford, NWRC, CWS, Ottawa, ON; Keith Hobson , CWS, Saskatoon, 
SK; Malone Associates, contractor, Ottawa, ON; Indian and Northern Affairs 
NCP, Hull, PQ. 

Abstract 
We;rcrn populations of long-tailed duck (oldsquaw) are in 
decline and although populations appear stable in the east, 
long-tailed duck is considered to be a Species of Continental 
Conservation Concern. A screen ing of trace elements in livers 

of adult males fo und detectable co ncentrations of arsenic, 
cadmiu m, iron, manganese, molybdenum and zinc co be 

higher in western arctic birds than eastern arctic birds. This 
is similar to the pattern previously found for cadmium in 
kidney and selenium in liver as well as cadmium and 
selenium in breast muscle for these birds. Some of the 
measured concencracions of cadmium, iron and manganese 

could be considered high based on threshold values cited in 
the literature. Stable-n itrogen isotope ratios suggest that 
males feed on different prey items than females for at least 
pan of the year, and stable-carbon isotope rat ios suggest chat 
many of the birds breed ing in the western Arctic overwinter 

in the Grear Lakes whereas many of the birds breeding in 
the eastern Arctic overwinter along the Atlantic coast. 

B. Braune 

Key Project Messages 
1. Long-railed ducks from the western Arctic contained 

higher concentrations of arsenic, cadmium, iron , 
manganese, molybdenum and zinc than did birds 

from the eastern Arctic. 

2. Stable-nitrogen isotope ratios suggest that males feed 

on d ifferent prey items than females for at least part 
of the year. 

3. Stable-carbon isotope ratios suggest that many of the 
birds breeding in the western Arctic overwinter in the 
Great Lakes whereas many of rhe birds breeding in the 
eastern Arctic overwinter along the Atlantic coast. 

Objectives 
In order to determine the role of metals in declining 

popu lations of long-railed duck, it is proposed that: 

l. Archived samples of long-tailed duck collected from 

their Canadian arctic breeding grounds be analyzed 
for Hg, Se and Cu (in liver), Cd (in kidney), Pb (in 
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wing bone), and selected samples be screened for a 

wider range of metals (in liver) . 

2. Archived samples of oldsquaw wing bone be analyzed 
for stable isotopes ('-'C/"C; " /"N, and "Sl"S) and 
strontium (Sr) to discriminate whether birds from certain 
geographical areas of the Arctic are overwintering in 
freshwater (i.e. Great Lakes) or marine environments. 

Introduction 
North American populations of long-railed duck or 
oldsquaw ( Clangu/11 hyemalis) are declining in the west, 
bur are apparently stable in the east (CWS et al., 1997). 
Nevertheless, long-railed ducks are considered to be a 
Species of Continental Conservation Concern. This species 
nests in greater numbers in the high Arctic than any other 
duck (Bellrose, 1980) . Long-tailed ducks nesting in the 
eastern Canadian Arctic likely winter along the Atlantic 
coast whereas western Arctic birds winter in the Bering 
Sea and along the Pacific coast of Alaska and British 
Columbia (Bellrose, 1980). Considerab le numbers also 
winter on the Great Lakes. It is unknown where the divid
ing line occurs between the two breeding populations. 

Measurements of naturally occurring stable isotopes in 
foodwebs can be used to delineate relative inputs from 
freshwater and marine biomes (reviewed by Hobson er 

al., 1997). This is based on the fact rhar stable isotopes 
of carbon (6"C), nitrogen (6"N), sulfur (6"5) and 

hydrogen (6D) are typically enriched in marine vs 
rerresrrial/freshwarer systems and these isotopic signatures 
are passed on to consumers. Upon arrival on the breeding 
grounds, metabolically active tissues of birds that wintered 
in fres hwater environments can be distingu ished isotopi
cally from those that wintered in marine areas. Stable 
isotope values in bird tissues are in dynamic equilibrium 
with local foodwebs and so it is necessary to choose a 
tissue with slow turnover rare ro delineate between fresh
water and marine wintering ducks . Bone collagen was 
chosen because it has a turnover rare slow enough for 
isotope measurements ro represent lifetime average values 
(Hobson and Sealy, 1991). 

Metal residue data for breast muscle of long-railed ducks 
collected from across the Canadian Arctic during 1991-94 
suggest that western Arctic populations generally have 
higher levels of Cd and Se than eastern populations (Braune 
et al. , 1999). Al though it is nor known whether or nor the 
birds are more exposed ro metal contamination on the 
arctic breeding grounds or on their ovetwintering grounds, 
analysis of metal levels in target organs would generate the 
darn necessary to compare with known critical thresholds 
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published in rhe literature. T he stable isom pe measure
ments should discriminate those btrds which overw 1111er 
on rhe Grear Lakes, a known contaminated area. As well, 
strontium measurements should help ro corroborate stable 

isorope findings. It should then be possible ro determi ne if 
chose birds also comain higher tissue resid ue levels than the 
others . The connection between risk of ex pos ure and 
ovetwintering area can then be investigated , if such a li nk 

exists. Alrernarively, if no associarion between metal levels 
and overwintering area can be esta bli shed , th e source of 

contamination may, in face, be in the Arctic. 

Activities 

In 2001- 2002 
Bone samples from 41 adult long-ra iled ducks from the 
eastern Arctic (east of 95°W) and 38 fro m rhe western 
Arctic were analyzed for stable isotopes of carbon (6 13C) 
nitrogen (6 15N) and sulfur (6"5) to d iscriminate between 

those individuals wintering in fres hwa ter vs marine 
environmems. Additionall y, stro ntium (S r) was analyzed 

in bone samples of 44 adu lt long- tai led ducks from the 
eastern Arctic and 41 from the western Arctic. Based on 
previous results (Braune, 200 I), livers of 10 adult males 

(5 from rhe eastern Arctic, 5 from the western Arctic 
with elevated levels of metals were analyzed using ICP-MS 

to screen for other elements. 

Results 
Of the 24 elements analyzed by ICP-MS in the li vers of 

the 10 adult males, residue levels were below detection 
limits for Ag, Al, An, B, Ba, Be, Co, C r, N i, Pb , Sn , Sr 
Th, U and V. Detectable resid ue co ncentratio ns were 

found for arsenic (As), cadmium (Cd), copper (Cu), iron 
(Fe), mercury (Hg), manganese (Mn), molybdenum (Mo) 
selenium (Se) and zinc (Zn) . Derecrion limits ranged from 

0.02 ro 2.5 mg/kg wet weight (ww), depending on the 
element. Residue concentrations for H g, Se and Cu in 

livers of long-railed ducks have been previously reported 

Table 1. Mean metal concentrations (mg/kg wet wt) in 
livers of adult male long-tailed ducks from the Canadian 
Arctic 

Western 
Arctic 

Eastern 
Arctic 

# 
Birds As Cd Fe Mn 

0.95 10.6 1242 5.6 

0.40 4.6 792 4.2 

Mo Zn 

46 

33 
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figure 1. o15N vs o13C in bone of long-tailed ducks 
collected from the Canadian Arctic, 1991-1994 
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(Braune, 2001) and so results for this subset of those 

samples will nor be reported here. Concentrations of As, 

Cd, Fe, Mn, Mo and Zn were higher in birds from the 

western Arctic than from the eastern Arctic (Table 1). 

Of the three stable isotopes (o 13C, o15N, 834S) measured 

in bone, only 8 13C varied sign ificantly with collection 

location and longitude (F igure 1) whereas o15 N varied 

significanrly among collection locations and between sexes 

with higher values found in rhe males. Strontium and 834S 

values in bone did nor vary sign ificantly with either sex 

or location. 

Discussion and Conclusions 
In 2000-2001, liver, kidney and bone samples for 

10 1 adult long-railed ducks from the Canad ian Arctic 

were retrieved from the CWS Specimen Bank and indi

vidually analyzed for Hg, Se and Cu in liver, Cd in 

kidney, and Pb in bone. Those resu lts were reported in 

Brau ne (2001). Of rhe derecrable elements measured in 

the subset of long-railed duck livers from adult males, 

concentratio ns of As, Cd, Fe, Mn, Mo and Zn were 

higher in birds from the western Arctic than from the 

eastern Arctic (Table I) . This is simi lar to the pattern 

previously reported for Cd in kidney and Se in liver 

B. Braune 

(Braune, 2001) as well as Cd and Se in breast muscle 

(Braune et al., 1999) of long-railed duck. 

Of the elements detected in measurable quantities in livers 

of long-railed duck, Fe, Mn, Mo and Zn are all essential 

elements, and there is a growing body of evidence that 

suggests that As may be nutritionally essential or beneficial, 

as well (Eisler, 1988). Arsenic concentrations are usually low 

(<I mg/kg fresh weight) in most living organisms 

(Eisler, 1988). Stanley et al. (1994) found liver concentrations 

of 6.6 mg/kg dry weight (-2.2 mg/kg ww) of As in mallards 

were associated with decreased weight gain, decreased liver 

weight and delayed egg-laying, and Puls (1988) considered 

5-10 mg/kg ww of As in the liver to be toxic ro poultry . 

Mose of rhe long-railed ducks in this study contained liver 

concentrations of As that were below the detection limit 

(<0.5 mg/kg ww), but a liver concentration of3 mg/kg ww 

was measured in one bird from Kendall Island. Liver 

concentrations of 300-2000 mg/kg ww of Fe are considered 

ro be high, and liver Mn concentrations of >9 mg/kg ww 

are considered to be toxic in poultry {Puls, 1988) . Iron 

concentrations ranged from 520 to 1700 mg/kg ww in long

tailed ducks and the Mn concentrations ranged from 4 ro 

7 mg/kg ww. Although tissue residues are not yet reliable 

indicators of Zn contamination, Puls (1988) considers liver 

concenrrations of200-700 mg/kg ww to be toxic in poultry, 

and Eisler { 1993) suggests char Zn poisoning usually occurs 

in birds when liver concentrations exceed 2100 mg/kg dry 

weight (-700 mg/kg ww). Zinc concentrations found in the 

livers of long-railed duck were an order of magnitude lower 

than these threshold levels. Although data on Mo effects on 

avian wildlife are limited, Eisler (1989) suggests that birds 

are relatively resistant to Mo whereas Puls ( 1988) considers 

6-10 mg/kg ww of Mo in the liver to be toxic in chickens. 

Low levels (I mg/kg ww) of Mo were measured in livers of 

the long-tailed ducks. Based on a review of the literature, 

Furness (1996) suggests that about 40 mg/kg ww should be 

considered a tentative threshold for Cd poisoning in birds 

whereas Puls (1988) suggests that concentrations of 

25-208 mg/kg ww in liver of waterfowl are considered toxic. 

Although most of the Cd levels measured in livers of 

long-railed ducks ranged from 1 to 8 mg/kg ww, a single bird 

from Qurluqruuq {Coppermine) contained a liver Cd 

concentration of 38 mg/kg ww. 

There was a large range in the stable-nitrogen isotope 

ratios (Figure 1) which differed significantly between 

males and females suggesting that rhe males feed on 

different prey items than females for at least part of the 

year. Given rhar rhe o13C values varied significantly with 

co llection location and longitude (Figure I), and that 13C 

is more en riched in marine environments, the 0 13C data 
suggest that birds from the western Arctic have a stronger 
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freshwater signal compared with birds from the eastern 
Arctic which have a stronger marine signal. The marine 
overwintering areas for North American long-railed ducks 
include both rhe Atlantic and Pacific coasts whereas the 
only major freshwater overwintering region is in the Grear 
Lakes (Bellrose, 1980). This would suggest that many of 
the birds breeding in rhe western Arctic overwinter in the 
Great Lakes whereas many of the birds breeding in the 
eastern Arctic overwinter along the Atlantic coast. 
Analyses of spatial relationships within the data are still 
in progress. 

Expected Completion Date 
The project should be completed by December 31, 
2002. 
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Abstract 
Predatory fis h in many lakes in the Mackenzie River Basin 

have high co ncentrat io ns of mercury in their Aesh. In 

'7-95% of su rveyed lakes, p redatory fish have mean 

mercury levels exceeding the 0 .2 µg·g I gu ideline estab

lished for frequent co nsumers of fish. W ith orthern 

Contaminants Program funds, we have stud ied 9 lakes in 

the Fort Simpso n area. Most are small w ith tea-coloured 

waters, although one lake (Cli Lake) has clear wate rs and 

another (Willow Lake) is relatively large. High mercury 

levels in predato ry fi sh in these 9 lakes appear to be d ue 

to the relat ively old age of these fish, the small lake sizes, 

and the tea-co lored (hi gh d isso lved o rga ni c carbon) 

waters. We are further testing ou r fis h age, lake area, and 

M. Evans, L. Lockhart and G. Stern 

dissolved organic carbon hypotheses through the examina

tion of larger data sees for Mackenzie River Basin lakes. 

Increased harvesting may lower average mercury levels in 

fish although additional research is required before such 

a strategy shou ld be implemented. Sediment coring 

studies indicate that mercury Auxes have increased to lake 

sediments in recent years . Monitoring studies also have 

shown that mercury levels in burboc at Fort Good Hope 

are inc reasing. Additional research is required co: 

(1) develop predictive models describing how limnological 

variables affect mercury levels in fish; (2) investigate 

factors affecting time trends; (3) quantify mercury 

pathways in aquatic ecosystems; and (4) assess the impacts 

of global warming on mercury pathways. 
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Key Project Messages 
1. Some 88-91 % of lakes surveyed in the Mackenzie 

River Basin have mean mercury levels in predarory 
fish which exceed rhe 0.2 µg·g - 1 guidel ine for frequent 

consumers of fish. Furthermore, some 25-45% of 

lakes surveyed have mean mercury levels in predarory 

fish which exceed the 0.5 µg·g - 1 guidel ine for th e 

commercial sale of fish. Consumption advisories have 

been issued for many of these lakes. 

2. High mercury levels are associated with larger and older 

predarory fish, often more than 10 yea rs in age. 
Increased fishing pressure may reduce average fish age 

and mercury levels in a lake, bur this needs to be 

confirmed with further research. Excess fishing pressure 

could harm the fish populations or even increase 

mercury levels if fish diets change. Research is required 

ro investigate this possible remedial action. 

3 . High mercury levels seem ro be prevalent in sma ll , 

rea-colored lakes, especially fo r lake trout populations. 

Additional studies are required ro determine how lake 

features and waters hed size effects mercury pathways 

into a lake and then through rhe food web. 

4. Sediment coring studies sugges t rhar mercury Auxes 

to lake sediments have been increasing since the turn 

of the century. Other studies show chat mercury levels 

are increasing in burboc at Fort Good Hope. Research 

is needed to understand how these mercury time 

trends and how ocher perturbations such as global 

warming may affect mercury levels in predatory fish. 

Objectives 
1. Conduct limnological studies ro determine why preda

rory fish inhabiting some lakes in rhe Mackenzie River 

Basin have elevated mercury levels while fish in other, 

apparencly similar lakes, have lower mercury levels. 

2. Investigate the role of food web structure in the 

biomagnification of mercury by predatory fish. 

3. Investigate whether it is possib le to develop lake

specific remedial actions ro reduce mercury concentra

tions in harvested fish from high-mercury lakes. 

Introduction 
During the mid 1990s, evidence began to emerge that 

predatory fish in many of Canada's northern lakes had 

relatively high mercury levels in their Aesh (Lockhart, 1999). 

In many instances, mercury levels exceeded both the 

260 

0.2 µg·g - 1 guideline for frequent consumers of fi sh and che 

0.5 µg ·g- 1 guidelin e for the co mmercial sa le of fish. 

Consumption adviso ri es were issued for many of these 

lakes. Mercury is subject ro strong biomagnification in the 

food web, including humans, with the conco mitant poten

tial ro adversely affect human health . Accordingly, mercury 
was a priority resea rch area under the second Northern 

Contam inants Program (NCP). Two studies were co n

ducted under this program to investigate mercury levels in 

freshwater fi sh in northern lakes . Lockhart and Evans 

(1999) continued to assess mercury levels in fish in a large 

number of Mackenzie River Basin (M RB) lakes, whil e 

Evans and Lockhart (1999) began to investigate fish biology 

and the limnological features of a subset of study lakes and 

aspects of fish biology which affected mercury levels. 

High lights of these stud ies appear below. 

During the mid 1990s to early 2000s, the Department of 

Fisheries and Oceans (D FO) played a major role in the 

management of fish populations in the north by performing 

stock assessment studi es in the Deh C ho and Sahtu 

Setclement Areas. A total of 12 lakes in the Deh C ho and 

13 lakes in the Sahcu were investigated during 1994-2000. 

Fish length, weight and age were determined as part of 

these assessments (Stewart et al. , 2003a, 20036). With 

NCP support, these fish were also analyzed for mercury 
and tissues were arch ived for later analyses (Lockhart and 

Evans, 1999). In 1998, we began a limnological study on 
lakes in the Fort Simpson area investigating the causal 

facto rs for elevated mercury levels in predatory fish (Evans 

and Lockhart, 1999). The study has since broadened to 
investigate why mercury levels are hi gher in some lakes 

than others and increasingly larger data sets have been 

incorporated in to the study design. 

It is not known what causes mercury levels robe high in 

predatory fish in some Northwest Territori es (NWT) 

lakes. Because these lakes are in pristine environm ents, 

anth ropoge nic act ivities such as mining, pulp and paper 
mill operation, Aooding with reservoir creation, and clear 

cutting can not be che causa l factors. Most lakes are located 

o n glacial tills, and thus are not acidi c as are many high 

mercury lakes in othe r pristine enviro nm ents. Other 

natu ral factors such as lake size, wate rshed size, lake 

depth, and fish biology muse be che primary factors affect

ing these levels (Cope et al. , 1990; Bodaly et al., 1993: 

Shil ts and Coker, 1995; Krabbenhoft er al. , 1998). 

Results of sediment coring studi es in lakes such as Colville 

Lake and Great Bear Lake in the NWT, and Lake Laberge 

in the Yukon suggest that mercury Auxes to lake sediments 

are increas ing (Lockhart et al., 1998; Stern et al., 2001 a) . 

We have observed a sim ilar increase in mercury Auxes ro 
C li Lake, one of our NCP mercury study lakes (Eva ns and 
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Lockhart, 2000). Mercury levels in burbor collected at 

Fort Good H ope are also showing a trend of increasing 

concentratio ns (Ste rn et al. , 200 16). It is possible that 

many lakes that cur ren tl y su pport predatory fi sh with 

moderately high (0.2-0.5 µg-g ~1
) mercury co ncentrations 

may be impacted by these increased atmospheric mercury 

inputs and reach h igher (> 0.5 µg·g 1
) mercury levels in 

rheir Aesh. Therefore, it is important that we understand 

which lakes are most vulne rable to becom ing high 

mercury lakes in the futu re. 

Activities 

In 2001-2003 
As noted in our ea rl ier studies, we in itially hypothesized 

that elevated mercu ry levels in Cli Lake lake trout were 

related to high background mercury levels, possibly 

associated with fault lines which underlay the lake (Evans 

and Lockha rt , I 999). The results of our first two field 

seasons did not support this hypothes is (Evans and 

Lockhart, 1999, 2000, 2001; Lockhart er al., 2001). Since 

then, we have focussed our efforts on investigating 

biological factors such as fish age and rrophic feeding 

(Evans and Lockhart, 2001) and limnological factors such 

as lake depth, lake size, watershed size, water chemistry 

(pH, disso lved organic carbon, phosphorus, chlorophyll, 

etc.) and mercury and methyl mercury levels in water, 

sediment, invertebrates, and forage fish. 

With NCP funding, we focussed our limnological studies 

on lakes in the Fort Simpson area, which had previously 

been included in the DFO stock assessment studies. These 

lakes included Cli Lake, Little Doctor Lake, Willow Lake, 

Sibbeston Lake, Ekali Lake, McEwan Lake, Tserso Lake, 

Reade Lake, Deep Lake, Sanguez Lake, and McGill Lake 

(Table 1). In add ition to our limnological st udies, 

northern pike and walleye were collected from Cl i Lake, 

Lierle Doctor Lake, Sibbeston Lake and Willow Lake to 

supplement the stock assessment collections. 

With only three lake trout lakes (Cli Lake, Little Doctor 

Lake, and W illow Lake) in the Fort Simpson area, it is 

difficult to assess broad scale factors affecting the wide 

variation in mercury levels in MRB lake trout populations. 

Accordingly, we examined the larger lake trout data sets 

collected during the DFO stock assessment studies (Stewart 

et al., 2003a, 20036) to investigate relationships between 

mercury levels, fish age, and lake size. We included other 

lakes in these analyses including Great Slave Lake (supported 

by NCP; Evans and Muir, 2001) and Trout Lake (Swyripaet 

al., 1993). In addition, we obtained funding which allowed 

us to expand our limnological sampling to lakes further 

north of the Fort Simpson area. With Northern Ecosystem 

Initiative (NE!) and Sahtu Renewable Resources Board 

(SRRB) funds we sampled 5 lakes in the Norman Wells 

and Colville Lake area: Grear Bear Lake, Lac Sre. Therese, 

Kelly Lake, Mirror Lake, and Colville Lake. Thus, we now 

have limnological data for 9 of the 16 lake trout lakes 

sampled in the original DFO stock assessment studies. 

Further south, with Toxic Substance Research Initiative 

(TSRI) funds (Muir et al., 2001), we investigated mercury 

and organochlorine levels in lake trout populations in more 

than 20 lakes running from northern Alberta and 

Saskatchewan to Ontario, the Finger Lakes and into 

Labrador. This expanded data set allows us to extend our 

Table 1. Mean ± standard deviation mercury concentrations (~gig wet wt) in fish from lakes which were part of our 
limnological studies. Values in bold indicate that a consumption advisory has been issued 

Lake 

Cli Lake 

Deep Lake 

Ekali Lake 

Little Doctor Lake 

McEwan Lake 

McGill Lake 

Reade Lake 

Sanguez Lake 

S1bbeston Lake 

Tsetso Lake 

Willow Lake 

M. Evans, L. Lockhart and G. Stern 

Lake Trout 

0.787 ± 0.749 

0.393 ± 0.081 

0.380 + 0.079 

Species 

Northern Pike Walleye 

0.235 ± 0.133 

0.670 ± 0.196 1.105 ± 0.352 

0.300 ± 0.109 0.256 ± 0.063 

0.772 ± 0.367 0.753 ± 0.290 

0.331 ± 0.238 0.356 ± 0.158 

0.713 ± 0.365 1.125 ± 0.378 

0.430 ± 0.203 

0.703 ± 0.179 0.539 ± 0.118 

0.165 ± 0.053 0.327 ± 0.120 

0.393 ± 0.155 0.485 ± 0.126 

0.283 + 0.147 
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spatial gradient in the examination of mercury levels in lake 
rrout populations to much of northern Canada. 

We are also examining the broad scale patterns of factors 
affecting elevated mercury levels in northern pike and 
walleye. We have investigated northern pike and walleye 
populations in 8 lakes in the Fort Simpson area. However, 
with NEI, SRRB and NCP-Great Slave Lake funding, we 

have increased our limnological data sets to include I 4 of 
the 24 northern pike lakes, and l O of the 12 walleye lakes 
originally sampled in the DFO srock assessment studies. 

Results 

Mercury levels as a function of species, geographic 
area, and guidelines 
A total of I 4 lakes have been sampled in the Deh Cho for 
mercury levels in fish. Only 14% of northern pike and 
11 % of walleye lake populations have mean mercury 
levels below 0.2 µg·g 1 (Fig. 1). None of the lake trout 
lake populations have mean mercury levels below 
0.2 µg-g 1

• Moreover, 20% of lake trout, 36% of northern 
pike, and 44% of walleye lake populations have mean 
mercury levels above 0.5 µg·g - 1

• In the Sahtu , a total of 

15 lakes have been sampled. Only 18% of lake trout and 
l 0% of northern pike lake populations have mean mer
cury levels below 0.2 µg·g 1

• None of the walleye lake 
populations have mean mercury levels below 0.2 µg-g 1• 

Moreover, 27% of lake trout, 40% of northern pike, and 

50% of walleye lake populations have mean mercury 
levels above 0.5 µg-g 1• 

Lake trout length, age, and mercury relationships: 
Finger Lakes to the Mackenzie River Basin 
A major factor affecting elevated mercury levels in lake 
rrout is age. As fish reach ea. 10 years of age, mercury 
levels begin to approach 0 .5 µg -g-1 (Evans and Lockhart, 
2001). Furthermore, there is strong evidence that lake 
trout populations in the NWf are older on average than 

lake trout populations living further south (Fig. 2). Lake 
trout populations show no obvious latitudinal gradient 
in mean length. 

Mercury concentrations in lake trout were highest in the 
NWf both in terms of population means and in length
standardized (600 mm) populat ions (Fig. 3). Lower 
mercury levels were observed in lake trout popu lations in 
northern Alberta and Saskatchewan; levels increased 
towards the Finger Lakes region. 
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Mercury and lake size relationships: Northwest 
Territories 
Within the Wf, mercury levels appear robe higher in 
small lakes than larger lakes. To investigate this, mercury 
concentrations in length-adjusted fish were correlated 
against lake area (Fig. 4) . This correlatio n was particularly 
strong for lake rrout, a pelagic fis h, and whitefish. Lower 
co rrelations were observed for northern pike and wal leye, 

species that are mo re li ttora l in habi tat than lake tro ut 
and whitefish. 

Discussion and Conclusions 
Elevated mercury levels in predatory fish in the NWf is 
a subject of much community concern. Approximately 

27% oflake rrout lakes, 38% of northern pike lakes, and 

Figure 1. Frequency of lakes with mean mercury 
concentrations in fish above the guideline 
for frequent consumers of fish (0.2 ppm) 
and the guideline for the commercial sale 
of fish (0.5 ppm) 
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Figure 2. Mean length and age of lake trout caught in various lakes across Canada and the northeastern United States 

40% of wal leye lakes surveyed in the Deh Cho and Sahru 
have mean mercury levels that exceed 0.5 µg-g·1

• Another 

60% of lake trout lakes, 50% of northern pike lakes, and 
42% of wall eye lakes have mean mercury levels between 

0.2 µg·g I and 0.5 µg·g 1. Consumption advisories have 
been issued for 16 of these 29 lakes with more anticipated 

as hea lth assessments a re comp leted and previous 
assessments revisited. 

There are hundreds of lakes in the NWT. Clearly, it is nor 
feasib le ro conduct srock assessment and mercury studies 

on all of these lakes. H owever, by identifying the facrors 
affect ing the hi gh lake-ro- lake variability in mercury 

levels, we will be able ro identify which lakes are most 
likely ro have predaro1y fish with high mercury concentra

tions. This is of spec ial importance given community 
conce rns regarding consumption advisories on lakes that 
have traditional and co ntinued use. 
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Elevated mercury levels in NWT lake trout populations 

appear ro be more common than in rhe northern prov
inces . We believe that rhis is due ro a combination of 
facrors including fish age, growth rates, and lake size . As 
previously noted, fish in rhe Farr Simpson area appear ro 

approach mercury concentrations of 0.5 µg-g· 1 as they 
reach I 0 years of age. Harvesting rare is probably rhe 
major facror affecting the age structure of fish populations 
with mean age becoming younger as fishing pressures 
intensify and larger, older fish are removed . 

For lake rrour populations, the relationship between mean 
mercury concentration and latitude can be represented 

by a "U-shape" (Fig. 5). This is believed robe due ro two 
factors: fish age (and fishing rare) and proximity to 
anthropogenic sources. Beginning in the south, mercury 
levels are relatively high in the Finger Lakes because of 

their close proximity to anthropogenic sources of mercury. 
Lake trout populations are young and fast growing: length 
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Figure 3. Mean and length-adjusted (600 mm) mercury concentrations in lake trout caught in various lakes across Canada 
and the northeastern United States 

askatchewa 

adjusted mercury levels are as high as in the NT. Mercury 
levels decrease northward into areas such as northern 
Alberta and Saskatchewan as distance from anthropogenic 
sources increases and fishing pressures remain significant. 
Mercury levels then increase moving further north, despite 
increasing distances from anthropogenic sources, because 
fishing pressures are less and lake trout populations are 
relatively old. These older fish have accumulated mercury 
over a longer time period than in the northern provinces. 

Levels remain high on a length-adjusted basis because a 
600-mm lake trout in the NT is ea. 10-15 yr old versus 
5-7 yr old in the Finger Lakes region. 

With fish age, one of the primary factors affecting elevated 
mercury levels in predatory fish in the NWT, an increase 
in fishing pressure in lakes in the NWT ro levels 
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experienced in the northern provi nces should resu lt in a 
reduction in this limb of the curve (F ig. 5). Increased 

fishing pressure could lower the mean age of fish in a lake 
and improve growth rates as competition is reduced. 
Increased fishing pressure co uld occur wit h increased 
ecotourism in the area or through a del iberate harves ting 
(Verra, I 990). H owever, further research is required to 

confirm th is and to determ ine the optimal level of fishing 
that wi ll remove older fish, improve fish growth rates, yet 
still protect the fish populatio n from over exp lo itat io n. 

Mercury levels in fish a re affected by other va riabl es 
including lake size, waters hed size, di sso lved o rga ni c 
carbon (DOC), pH, trophic feeding, etc. (M iskimmen et 

al., 1992; Lange et al ., 1993; St. Louis et al., 1994; Watras 
et al., 1995; Munn an d Sho rt, 1997). ln general, we have 
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Figure 4. Length-adjusted mean mercury concentrations in four fish species as a function of lake area for lakes 
in the Mackenzie River Basin 
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Figure 5. Mercury concentration as a function of fish 
age and latitude 
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found a negative relationship between lake size and 
length-adjusted (600 mm) mercury levels in fish. As lake 
area decreases, DOC, mercury, and methyl mercury 
concentrations increase. Small lakes, with their relatively 
more extensive littoral zone and wetland areas, may be 
greater sources of recently mobilized mercury and methyl 
mercury rhan larger lakes. Other analyses including 
mercury and methyl mercury concentrations in sediments, 
invertebrates and forage fish , and srable isotope analyses 
are being used to further elucidate relationships. 

Various presentations have been given over the past years. 
In addition to the Northern Contaminants Program 
National Symposium, presentations based on rhe NCP, 
NE!, SRRB, and TSRI mercury studies were given in 
February 2003 for Great Slave Lake Deh Cho communi
ties and to the SRRB . Scientific presentations have been 
given at the Sociery of Environmental Toxicology and 
Chemistry (SETAC) 2000, 2001, and 2002 meetings and 
che 2002 Internacional Association for Great Lakes 
Research (IAGLR) annual conference. 
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Expected Completion Date 
This study is ongoing with additional data to be collected 
and scientific questions to be addressed. However, this 
year we will complete a paper based on the latitudinal 
gradients in mercury concentrations in lake trout, age, 

lake size and mercury relationships. In addition, a M. Sc. 
student will complete her thesis on the biological, physi
cal, and chemical variables affecting mercury levels in lake 
trout populations . We have provided preliminary reports 
on our studies to Sahtu communities and will provide 
updated and/or final reports on rhese mercury studies. 
Reports will be written on a lake-by-lake basis. 
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Abstract 

Spatial and Long-Term Trends in Organic 
Contaminants and Metals in Fish Species 

Important to the Commercial, Sports, and 
Domestic Fisheries of Great Slave Lake 

and the Slave River Ecosystem 
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e-mail: marlene.evans@ec.gc.ca; Gary Stern, Freshwater Institute, 
Department of Fisheries and Oceans (DFO), 501 University Crescent, 
Winnipeg, MB R3T 2N6; phone (204) 984-6761; fax: (204) 984-2404; 
e-mail: sterng@dfo-mpo.gc.ca; Derek Muir, NWRI, Environment Canada, 
Burlington, ON L7R 4A6; phone: (905) 319-6921; fax: (905) 336-6430; 
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Lyle Lockhart, Freshwater Institute, DFO, Winnipeg, MB; George Low, DFO, 
Hay River, NT; Maurice Boucher, Akaitcho Territory Tribal Council, Fort 
Resolution, NT; Steve Ellis, Lutsel K'e Dene Band, Lutsel K'e, NT; Rob Tarboff, 
South Slave Melis Tribal Council, Fort Smith, NT; Mike Whittle, DFO, 
Burlington, ON; Juanetta Sanderson, Department of Indian and Northern 
Affairs, Yellowknife, NT. 

Our study was designed to determine whether contami

nant levels are changing in Great Slave Lake and Slave 
River fish. Levels could be declining if fewer contaminants 

are entering the lake from the atmosphere and/or Slave 

River. During 1999-2002, community members collected 
lake trout, burbot (loche) and northern pike (jack) from 

two regions of the lake . The Lutsel K'e area was studied 

because it is in the East Arm, where the water is clear and 

where the atmosphere is the sole source of co ntaminants. 

The Fort Resolution area was studied beca use it is near 

the Slave River in the West Basin, where the water is 

muddy and where contaminant sources include both the 

atmosphe re and Slave River. In addition, commercial 

fishermen collected lake trout from th e Hay River area of 

the West Basin. Organochlo rine levels in lake trout and 

burbot from the East Arm appear to be lowe r than in the 

m id 1990s, but levels appea r to be the same in fish from 

the West Basin. Mercury levels in West Basin lake trout 

appear higher in 2000 and 200 I than in the late 1980s 

and early 1990s, while levels in northern pike may be 
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slightly lower. Mercury levels in West Basin burbor appear 
to have decreased from the early to the mid-to-late 1990s 
wi th higher values in the early 2000s . During the winters 

of2000-2002, Fort Smith community members collected 
burbor from the Slave River; most organic contaminant 
levels appear lower than in the ea rl y 1990s. More 
extensive statistical analyses and final interpretations will 
be made after chemical analyses are complete. 

Key Project Messages 
1. Organochlorine (OC) levels were lowest in northern 

pike muscle followed by lake trout muscle. Highest 
levels were observed in burbor li ver, a lipid-rich organ . 
Organochlorine levels were similar to levels observed 

in many other northern lakes and substanti ally lower 
than in contaminated areas such as the Laurentian 
Great Lakes. 

2. Organochlorine levels in fish appear simi lar to (West 

Basin) or lower than (East Arm, Slave River) levels 
observed in the 1990s. 

3. Mercury (Hg) levels in Jake trout are possibly higher 

than in the late 1980s and early 1990s, while levels in 
northern pike may be sl ightly lower. Mercury levels 
in Great Slave Lake burbor may have increased since 

the mid 1990s, but such a pattern is nor evident in 
Slave River burbor. Mercury levels in all three species 
of fi sh are below the 0.5 µg·g - 1 guideline for the com

mercial sale of fish. However, northern pike and lake 
trout mercury levels are often above the 0.2 µg-g 1 

guideline for frequent consumers of fish. 

4 . More thorough analyses and final interpretations of 
fac tors affecting differences in contam inan t levels 
between species, years and locations will be made after 

all the chemical analyses have been completed. 

5. As these interp retat ions are made, a cosr-effecrive, 
long-term moni to ring strategy will be developed for 

monitoring co ntamin ant trends in Great Slave Lake 

an d Slave River fi sh. 

Objectives 
I. Determine OC (PCBs, DDT, dieldrin, toxaphene, 

etc.) levels in key fish species inhabiting the Grear 
Slave Lake ecosystem, including the Slave River, and 

co mpare th ese va lues w ith ea rli e r levels to assess 
possible time t rends. 

2. As part of this progra m, assess regional differences 

(and similar ities) in contaminant trends, including 
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investigations of possib le causa l factors for rhese 
differences . 

3. Work with First Nation commu niti es and the com

mercial fisheries in sample collection, results interpre
tation, and long-term study design. 

4. Develop the framework for a cost-effective, long-term 
monitoring program of contaminant trends in fish 
inhabiting the Great Slave Lake and Slave River 
ecosystem. 

Introduction 
Grear Slave Lake (1999-2002) and the Slave River (2000-
2002) are part of the Northern Contaminants Program 
(NCP) biomonitoring program of contaminant trends. This 
ecosystem was included in the biomonitoring program for 

the following reasons. First, organic contaminants were 
measured in predatory fish (and other organisms) in the West 
Basin and East Arm of Grear Slave on various occasions 
during 1993-1996 (Evans, 1994, 1995; Evans et al. , 1998a, 
19986; Lafontaine, 1997). Fish in the Slave River were 

monitored during 1990-1994 (Sanderson er al., 1997; 
McCarthy et al., I 997). A longer rerm, although less 
comprehensive, dara set exists for metals in fish harvested 
during the commercial fisheries. Second, many of the NCP 
samples have been archived allowing for additional analysis 

under new research programs and objectives. Third, fish are 
harvested for domestic consumption by many communities 
including Fort Smith (Slave River), Fort Resolution (Wesr 
Basin, near the Slave River mouth) , and Lursel K' e (East 
Arm, far removed from a direct Slave River influence). The 

West Basin has supported a commercial fishery since the late 
1940s (Rawson, 1951). In recent years, a significant sports 
fishery has begun to emerge, particularly in the East Arm. 

Great Slave Lake is a relatively pristine ecosystem with 
localised contamination (primarily metals and nutrients) 

largely limited to the Yellowknife and Back Bay areas 
Qackson er al., 1996). lr is strongly influenced by the 
Slave River, which brings tremendous volumes of water 

and suspended sediments into the West Basin (Evans er 
al. , 1996) . The Slave River is formed from the confluence 
of the Peace and Arhabasca rivers, which originate in 
Alberta with some tributary inputs from British Columbia 

and Saskatchewan. The lake is a major depositional basin 
for sediments entering the lake via the Slave and 
ultimately the Peace and Athabasca rivers. Studies, 

especially the Northern River Basins Study (NRBS), 
conducted in these upstream reaches demonstrate rhe 
need for continued monitoring of the Grear Slave Lake 

fisheries for contaminants entering the lake from the 
southern portion of irs watershed . 
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NRBS was conducted during 1991-1994 and demon
strated chat many activities were impacting the Peace and 
Achabasca river systems (NRBS, 1996). Elevated PCB, 
dioxin and furan concentrations were found in burbot 
liver (and other fish species) collected downstream of 
municipal and industrial discharges (Pascershank and 
Muir, 1996; Muir and Pastershank, 1997). Klaverkamp 
and Baron ( 1996) reported elevated concentrations of 
mecallochionein in Slave River burboc liver; elevated 
levels were related ro exposure co high concentrations of 
metals, although later studies provided no support for this 
hypothesis (Evans et al., 1996). 

In 1999, two regions of Great Slave Lake were approved 
by the NCP for investigating temporal trends in 
concaminancs: (I) che West Basin, with a focus on the 
Fore Resolution area; and (2) the Ease Arm, with focus 
on the Lucsel K' e area. Three species of predatory fish 
were selected for long-term biomonicoring. Lake trout 
was selected as a cold water fish, important in the 
domestic, commercial and spores fisheries. Burboc, with 
their prized lipid-rich liver, are important in the domestic 
fisheries. Burboc liver can contain very high levels of PCBs 
and toxaphene. Consumption advisories were considered, 
but not implemented for burboc liver from the Fore Smith 
and Lucsel K'e areas. Northern pike, the third species 
selected, is a warm-water, littoral zone fish. In 2000-2001, 
approval was obtained co add a third site, the Slave River, 
with sampling effort focused at Fort Smith. Only burboc 
were investigated in the Slave River. 

Activities 

In 2001-2003 
The study design called for 20 replicate samples co be 
collected of each species, at each locarion and time. 
Communiry members collected the fish in waters and at 
times chat the target species could readily be found. We 
sent each community fisherman coolers and instructions 
on the handling of the fish; the community member later 
shipped back the intact and frozen fish for initial process
ing. Northern pike, lake trout and burbot were collected 
from the Lucsel K'e area in autumn 2000, 200 I and 2002. 
Similarly, northern pike and burboc were collected from 
the Fore Resolution area in lace summer 2000, 2001 and 
2002; poor weather in the Fore Resolution area prevented 
burboc from being collected until winter 2003. 

Lake trout are uncommon offshore of Fore Resolution 

although they are found elsewhere in greater abundance 
(Rawson, 1951). Lake crouc were caught offshore ofche 
Simpson Islands in 2000 in an area of strong Slave River 
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inAuence. However, in 2001, lake trout were collected 
pare way up the East Arm in an area of weakening Slave 
River inAuence and closer proximity co the Lutsel K'e sire. 
Therefore, lake trout were collected from the domestic 
fisheries operating out of Hay River in autumn 2001 and 
chen again in 2002. A community member from Fort 
Smith collected burbot from the Slave River in winter 
2000, 2001 and 2002, generally in December. 

All fish were catalogued (length, weight and given an iden
tification number), without thawing, with a subset of I 0 
from each series selected for additional analyses. Specimens 
were selected to span a size range of medium to large fish 
with similar size ranges in all years of study. The subset of 
fish was sent to the Freshwater Institute (FW!) where they 
were thawed, remeasured, sex determined and ageing 
structures removed. A muscle subsa.rnple was removed from 
each of the fish and was analyzed for mercury, arsenic, 
selenium (FW!), and carbon and nitrogen stable isotopes 
(NWRI-Saskatoon). Lake trout muscle, northern pike 
muscle and burbot liver were analyzed for OCs (FWJ), 
including toxaphene (FW!, NWRI-Burlington). Northern 
pike OC analyses were discontinued afrer 2000 because they 

have the lowest OC concentrations of all three species 
considered. Analyses for 2002 caught fish are ongoing as are 
some OC analyses for some fish caught in earlier years. 

A subset of predatory fish, forage fish, benthic invertebrates 
and plankton from the 1993-1995 Grear Slave Lake field 
seasons were selected for additional mercury analyses . The 
original studies focussed on OCs with only a subset 
analyzed for metals. These mercury analyses will allow us 

co quantify mercury biomagnification in rhe Great Slave 
Lake food web and compare this with our ongoing NCP 
mercury studies in smaller lakes in che Fore Simpson area, 
and other regions of che Northwest Territories (NWT). 

Results 

0rganochlorine contaminants 
Toxaphene was the predominant OC in fish tissue 
followed by PCBs, DDT, CBz and HCH. Burboc liver, a 
lipid-rich organ (mean 31.8% lipid), had the highest OC 
concentrations, while northern pike muscle, a very lean 
tissue (mean 0.1 % lipid) had the lowest. Lake crouc 
muscle, with a mean lipid content of 4.8%, had interme

diate OC concentrations. Total PCB levels, for example, 
averaged 123.1 ng•g I in burbot, 4.4 ng•g I in northern 
pike and 18.6 ng•g I in walleye. 

West Basin northern pike were analyzed for OCs in 1996 
and have been analyzed for 1999 and 2000. Concentrations 
were similar during these 3 years, and during che 2 years 
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of sampli ng in the East Arm (Fig. I). Concentrations 
tended to be higher in West Basin fish than in East Arm 
fish, although mean age and muscle lipid content were 

similar in both locations. 

East Arm lake trout were analyzed for OCs in I 993 and 
have been analyzed for 1995, 1999 and 2000 (Fig. 2). 
Organochlorine levels were higher in 1993 and 1995 than 

in 1999 and 2000. This cou ld suggest that OC levels are 
decli ning in East Arm lake trout. However, differences in 
OC levels may be lipid and/or age related. Mean lipid 
content and fish age were higher in 1993 and 1995 
(7.6- 16.0% lipid, age 15 yrs) than in 1999 and 2000 
(2.4-4.9% lipid , age 7-8 yrs). 

West Basin lake trout were analyzed for OCs in I 993 and 
have been analyzed for I 999-200 I (Fig. 2). Organochlo

rine levels were higher in I 999 than I 993 but lower in 
2000 and 200 I . Interpretation of possible temporal trends 
is confounded by the fact that some lake trout were 
summer caught (2000, 2001) in the Simpson lsland and 

Figure 1. Mean ( + one standard deviation) OC 
concentrations in West Basin and East Arm 
northern pike by sample year 

100 ~--------- --------, 

~ 
; 10 

1 
"' 
~ 

i ., 
g 0.1 
C 
c., 

0.01 

- 1999 (n = 8) Eastern Arm Northern Pike 
- 2000 (n =5) 

s-CBz s-HCH s-CHL s-OOT S-PCB Toxaphene 

Contaminant 

100 ~-----------------, 

~ 
j 10 

t 
,5 

"' .!: 

~ 
"' ., 
g 0.1 
C 

c., 

0.01 

c::J 1996 (n = 5) 
- 1999 (n= 8) 

- 2000 {n = 5) 

West Basin Northern Pike 

s-CBz s-HCH s-CHL s-DDT S-PCB Toxaphene 

Contaminant 

M. Evans, G. Stern and D. Muir 

East Arm area and had lower mean lipid contents 
(3.6-5 .3% lipid) than autumn (1993, 12.8% lipid) and 

winter (1999, 8.1 % lipid) caught fish from the commer
cial fisheries operating in the Hay River area. On a lipid 
basis, PCB concentrations in lake trout are higher during 
I 999-2001 than in I 993. 

East Arm burbot were analyzed for OCs in 1993 and 
have been analyzed for 1999-2001 (Fig. 3) . Mean 
toxaphene concentrations were higher in 1993 than 
during 1999-2001. Ch lordane and DDT concentrations 
were also somewhat lower during 1999-2001. Lower 

concentrations in more recent years may be age related 
with burbot averaging 8.2-9.5 yrs old in recent years 
versus 12.6 yrs old for 1993 caught fish . 

West Basin burbot were analyzed for OCs in 1993, 1995 
and have been analyzed for 1999-200 I (Fig. 3). PCB 
levels appeared to be increasing over 1993-200 I and CBz 
occurred in their highest concentrations in 2000 and 

2001. Burbot mean ages ranged from 10.3 to 12.3 yrs old 

Figure 2. Mean ( + one standard deviation) OC 
concentrations in West Basin and East Arm 
trout by sample year 
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Figure 3. Mean ( + one standard deviation) DC 
concentrations in West Basin and East Arm 
burbot by sample year 
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Figure 4. Mean ( + one standard deviation) DC 
concentrations in Slave River burbot by 
sample year 
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over the several years of collections suggesting that differ

ences were not age related. 

Slave River burbot were analyzed for OCs in 1990- 1994 

and have been analyzed for 2001 (Fig. 4). HCH, DDT, PCB 
and roxaphene concentrations were considerably lower in 

2001 than in earlier years. In contrast, CBz and chlordane 

concentrations were higher in 2001 than earlier periods: 

more isomers were examined in the former than later period, 

possible accounting for some of these differences . 

Mercury 
Mercury levels have been measured at various times in the 

commercial fisheries. These data extend the long-term 

record for mercury trends in the West Basin. 

Mean mercury concentrations in the muscle of all three 

species offish were below the 0.5 µg·g - 1 guideline for the 

commercial sale of fish, although a few large northern 

pike exceeded this value. Many northern pike exceeded 

the 0.2 µg·g - 1 guideline for frequent consumers of fish , 

as did some lake trout and burbot (F ig. 5). West Basin 

northern pike and burbor tended to have higher mercury 

concentrations than East Arm fish. 

In the West Basin, mercury levels in northern pike 

increased from the mid-to-late 1970s and from the mid 

1980s into the early 1990s (Fig. 5). Levels appeared to 
decline in 1992 and 1994 and then increase with levels 

in 2001 similar to those observed in the early 1990s. 

Additional analyses will be conducted co assess whether 

these differences are statistically sign ificant and, if so, are 

age, length , and/or trophic feeding related. 

Mercury levels in West Basin lake trout show a somewhat 

similar pattern as that observed for northern pike, i. e., 

increasing levels from the late 1970s to early 1990s, a 

lower level in 1999 (with a possible decline through 

1990s) and then highest levels in 2000 and 2001 (Fig. 5). 

East Arm lake trout also had their highest mercury level 

in 2001 and lowest in 1995 and 1999. 

Mercury levels in West Basin burbot were high during 

1975- 1994, decreased in 1995 and 1996, and th en 
increased over the late 1990s. Highest mercury levels were 

observed in 200 I. In the Slave River, mercury levels in 

burbot muscle increased from 1991 - 1993, decl ined in 

the mid 1990s to 2000 and attained high levels again in 
200 I and 2002. 

Other Activities 
At the invitation of Lutsel K' e, Marlene Evans visited th e 

community in March 2001 and gave a presentation on 
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Figure 5. Mean ( + one standard deviation) mercury levels in West Basin, East Arm and Slave River fish by sample year 
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the results of her studies on Great Slave Lake, including 

ea rlier contaminant work. She participated in a commu

nity tour in March 2003, which included Hay River, Fore 

Resolution , Fore Smith, and Lucsel K' e. Maurice Boucher, 

fro m Fore Reso lution , was an in vited speaker in the 

Biology D epartment at che University of Saskatchewan, 

where Marlene Evans holds an adjunct professorship. 

Maurice Boucher participated in the Role Model Program 

an d spoke on co ntaminant issues in the north. 

Discussion and Conclusions 
T his study is designed to investigate long-term trends in 

contaminant levels in three species of lish in Great Slave 

La ke and one species in the Slave River. Sample analyses 

are ongoi ng and lina l interpretation of the data will be 

done after more thorough analyses of the complete data 

sees . Nevertheless, a few genera l statements can be made 

at this point about detecting co ntaminant trends in 

ge nera l and Great Slave Lake in particular. 
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The organic contaminants, which are the focus of these 

invescigarions, are persiscenc compounds, tending co 

bioaccumulace in biota. Each species has its own 

contaminant uptake and depuracion rate . Where uptake 

rate exceeds depurarion rate, contaminant concentration 

in the organism increases; when the converse occurs, 
contaminant co ncentration declines . As contaminant 

inputs into northern ecosystems decline with reduced 

usage worldwide, contaminant levels are expected ro 

decl ine in all compartments, including lish. However, a 

number of o rher variables can affect contaminant levels 

in lish and these must be considered in assess ing trends 

or the lack of trends in response to reduced contaminant 

inputs. These include (I) che characteristics of the lish 

themselves (length, weight, age, gender, lipid content); 

(2) the feeding behaviour of che lish (i. e., actual avail

abi li ty of prey, contaminant levels in prey, and intensity 

of predation) ; (3) trends in contaminant inputs into a lake 

ecosystem; (4) factors affecting the recycl ing of the con

taminant in the ecosystem; and (5) loss terms through 

sedimentation, volaci lisacion and degradation. Thus, 
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although contaminant levels may differ in a fish between 
two study periods, close consideration must be given to 
rhe fish and its environment before assessing cause. 

The detection of contaminant trends in fish body burdens 
also involves consideration of relative changes in input 
rates. If contaminant levels are high due to localized 
sources and these sources are curtailed, levels may decrease 

rapidly in the receiving ecosystem as has been observed 
in the Laurenrian Grear Lakes. Conversely, if the 

contaminant input is reduced by only a small amount, 
with this reduction representing only a small percentage 
of the contaminant inventory in rhe lake ecosystem, the 
decline may be difficult to detect. 

Length, age, weight, lipid content and changing 
organic contaminant levels in the Great Slave Lake 
ecosystem 
Body size and age are important variables affecting 
contaminant levels in fish. In general, as fish get older and 
larger, contaminant body-burden increases. While every 

effort was made to analyze fish of similar size and age 
between years during this study, differences have occurred. 
For example, lake trout collected at Lursel K' e were much 
younger in 1999 and 2000 (mean ages 7.5-7.6 yrs old) 
versus 1993 (14.5 yrs old) and 1995 (15.5 yrs old). Thus, 
while we observed lower OC concentrations in lake trout 

collected in more recent years, these differences may be age 
{and size) related rather than reAecting a trend of declining 
OCs. We will explore this further by investigating 
contaminants, length, weight and age relationships for 
Lutsel K'e lake trout. 

While some adjustments can be made for variations in 
the size of fish collected from one study period to another, 

size-contaminant relationships seem ro vary between 
years. For example, PCB concentrations in burbot liver 
from Fort Smith are correlated with fish length. However, 

the correlation coefficient varied markedly between years 
from +0.62 for 1990, +0.75 for 1991, +0.07 for 1992, 
+0.42 for 1993, -0.70 for 1994, and +0.07 for 2002 
caught fish. In addition, burbor caught in 1991 were 

considerably older for a given size than fish caught in 
1990, i.e., a 700 mm fish in 1991 was ea. 13.2 yrs old 
versus 7.7 yrs old in 1990. This suggests that burbor 

caught in 1991 were slower growing than burbor caught 
in other years. They had more lipid-rich liver with lipid 
values 35.5 ± 8.4% versus 29.4 ± 11.0% in 1990. If OC 
levels generally increase with fish age and lipid content, 

1991 would have been a year of relatively high OC 
concentrations. This, in fact, was observed for the 1990-
1994 data set; the highest toxaphene and second highest 
PCB concentrations were observed in 1991. 
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DDT, PCB and toxaphene concentrations in burbot liver 
at Fort Smith were lower in 2001 than in 1990-1994. 
Mean length of rhe burbot analyzed was similar to fish 

caught earlier, as was the mean lipid content. This is 
strongly suggestive of a declining trend in DDT, PCB and 
roxaphene concentrations in burbot at Fore Smith in recent 

years and will be explored further. One caveat rhar will 
need to be considered is analytical differences associated 

with the laboratories conducting the studies. Th is factor 
appears to be important in rhe higher chlordane and CBz 
concentrations measured in 2001 than in 1990-1994, e.g., 

a greater number of congeners are being examined during 
our srudy than the former. Some toxaphene data from the 
early 1990s may be high as a result of the methods used to 
quantify this mixture of compounds. Newer methods are 

providing lower values for the same sample series. 

Burbor from the West Basin show no obvious time trend 
in most OCs, unlike burbor from rhe Slave River although 

many compounds appear to be at slightly higher concen
trations in recent years, e.g., PCBs and CBz. There is no 
obvious explanation related to rhe age, length or lipid 
content of these fish. Similarly, on a lip id basis, OC 

concentrations in West Basin lake trout also appear higher 
in recent years than in 1993. 

Trophic feeding and changi ng organic contaminant 
levels 
Contaminant concentrations in biota also vary as a function 

of rrophic feeding. Fish that consume mainly invertebrates 
have lower levels of contaminants such as PCBs than fish 

that feed on benthic invertebrates (Kidd er al., 1998). Trophic 
feeding varies with rhe size of the fish, with larger fish 

generally being more predaceous and consuming larger {and 
older) prey. Within the Grear Slave Lake ecosystem, species 
and regional differences exist between fish feeding behaviour, 

which in turn, may affect contaminant body burdens. 

Rawson (1951) reported rhar fish made up 95% of rhe 
northern pike diet with the remainder mainly am phi pods. 

However, fish made up only 75% of the burbor diet with 
mysids contributing approximately 20% and benthic 
invertebrates the remainder; T al Iman ( 1996) reported rhar 

fish featured predominanrly in the Slave River delta bur
bot diet. Regional differences occur in lake trout feeding 

behaviour in Grear Slave Lake with fish contributing 90% 
of the lake trout diet in the West Basin, bur only 38% in 

the East Arm {Rawson, 1951) . These observations are 
supported by stable isotope analyses which suggest rhar 
lake trout, northern pike and burbor col lected from rhe 

West Basin have a slightly richer fish diet than simi lar fish 
collected from the East Arm {Evans and Muir, 200 1 ). 

Therefore, based on rrophic feeding alone, West Basin 
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fish wou ld tend to have slightl y higher contaminant 
concentrations than East Arm fish. Northern pike, the 
most piscivorous species, would be expected to have the 
highes t levels when OC levels are expressed on a lipid 
basis, as is observed. 

In highly perturbed ecosystems such as Lake Michigan, 
changes in lake productivity and in plankton and forage 

fish com position can result in sign ificant changes in the 
diets of predaceous fish. This, in turn , may affect 
contaminant levels and time trends (Borgman and Whittle, 
1992) . Stab le nitrogen isotope values fo r predaceous fish 
in Great Slave Lake have shown no obvious change over 

time, suggesting that the main dietary habitats of each 
species of fish in each of the three study areas has not 
changed app reciably over the period (1995-2002) for 
wh ich stable isotope data are available. This is in contrast 

to the Lake Laberge ecosystem where changes in organic 
contaminant concentrations in burbor and lake trout have, 

in part, been related to a changing commercial fisheries, 
food availabili ty and habits of the harvested fish (Stern et 
al., 20016). 

OC levels are lower in Great Slave Lake than Lake Laberge 

fish (Stern et al. , 200 I b) with some differences possibly 
related to differences in food habits although such 
differences are probably more strongly related to the 

local ized contami nation of the Lake Laberge ecosystem. 
Sim ilarly, burbot OC levels tend to be higher in Great 
Slave Lake than Mackenzie River at Fort Good Hope 
(S tern et al. , 200 I a). Some of these differences may be 

related to trophic feed ing. Interestingly, mercury levels 
are higher in burbor at Fort Good Hope that Great Slave 
Lake. Mercury levels also are higher in fish in lakes in the 
Fort Good Hope area than Great Slave Lake but these 

differences are believed to be due to lake size. 

Time trends in contaminant inputs 
Detection of trends in contaminant levels in fish is also 

dependent on trends in contaminant inputs and losses to 
the lake. In the Laurentian Great Lakes, where localized 
sources of contaminant inputs were large, reductions in 
inputs are ev id ent in rhe sediment core record with 

cu rrent levels considerab ly lower than in the 1960s, but 
still much higher than in more pristine areas such as Great 

Slave Lake (Wo ng et al. , 1995). Contaminant levels in 
fish decli ned marked ly during the late I 970s as contami
nant inputs were reduced (Hesselberg et al., 1990; Suns 

et al., 1993; DeVault et al. , 1996; Huestis et al., 1996). 
Declines are proceeding ar a slower rate in recent decades 
as contam inants such as PCBs continue to recycle through 

the Great Lakes ecosystem from the sediments. Con
tam inants also continue to enter the lakes from watershed 
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reserves and the atmosphere (Srow et al., 1995). Thus, OC 
levels remain much higher in Great Lakes fish than Great 
Slave Lake fish. Similarly, some Yukon lakes were Strongly 

affected by local sources several decades ago, e.g., Laberge 
for PCBs, roxaphene and DDT (Lockhart and Muir, 1995; 
Muir et al., 1996). Contaminant concentrations in lake 
cores have been declining in more recent times although 
surface sediment levels remain relatively high. Like the 
Laurentian Great Lakes, declines in contaminant levels in 

fish will be affected by the significant recycling of the large 
reserve of contaminants in the sediments and water 
column in addition to changes in food web dynamics. 

In contrast to the Laurentian Great Lakes and Lake 
Laberge, Great Slave Lake has not been strongly impacted 
by localized sources of contaminants. Therefore, OC 
concentrations in sediment cores have not shown a 

pronounced decline in recent years (Mudroch et al., 1992; 
Evans et al., 1996; Evans, unpublished data). Moreover, like 
many northern lakes, and as in the Laurentian Great Lakes, 
atmospheric inputs remain significant (Muir et al., 1996). 
Great Slave Lake also continues ro receive contaminants 
with Slave River inAow from more southern reaches. 

Three study locations are being investigated in the Great 
Slave Lake ecosystem and the question is whether all are 
necessary. We believe that the three study locations will 
exhibit different contaminant trends with time. The East 
Arm receives most of its contaminants from the atmosphere. 
Sediment rates are low in this region and much of the lake 
Aoor consists of dense clays. Sediment resuspension probably 
is low, especially since the East Arm is generally deep. Thus 
this site may show a relatively rapid response ro decreased 
atmospheric inputs of contaminants. In contrast, the West 
Basin receives contaminants from the Slave River and 

represents the major depositional sink for fine sediments and 
associated contaminants transported into Great Slave Lake. 
Sediment resuspension and contaminant recycling are 
significant because much of the West Basin is shallow, fetch 
distances are large, and bottom topography irregular. 

Therefore, contan1inant recycling probably is greater than 
in the East Arm and the West Basin may show a slower 
response to decreased inputs of contaminants from the 
atmosphere. As a shallower region, the West Basin may also 
experience a greater response to global warming than the 
East Arm. The Slave River has the shortest residence time of 
water and line particulates. Therefore, in the absence of 
sign ificant river borne conra111inant inputs from the south, 

this region could show an early response to a decline in 
atmospherically derived contaminant inputs. However, most 

of its contaminants probably originate from the southern 
reaches of its watershed where anthropogenic activities 

are significant. 
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To conclude, preliminary examination of data collected over 
1999-2002 suggest that OC levels have declined in East 
Arm lake trout and burbot and Slave River burbor while 
levels in West Basin burbor and lake trout (lipid basis) may 
have increased slightly. Mercury levels appear higher in recent 
years than over the past decade. However, additional study 
of the complete data sets are required to determine trends 
(or the lack of trends) and causal factors. 

Expected Completion Date 
Chemical analyses continue on samples collected in 
2002-2003 with some analyses remaining to be conducted 
from 2001-2002 collections. Dara interpretations will 
continue over a longer period. 
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Abstract 
The Yukon Contaminants Database and the Geological 
Survey of Canada database on stream sediments were used 
to analyze moose renal chemistry, stream sediment 
chemistry and their interrelationships. For some elements, 
moose renal chemistry is affected by the underlying 
geology of the moose home range. Renal cadmium, nickel 
and zinc had significant positive relat ionships with 
sediment concentrations . Whi le nickel and zinc do not 
represent toxicity issues for Yukon moose, there is poten
tial for older moose in some parts of the Yukon to be at 
risk of renal dysfunction due to high renal cadmium. 
These moose may, however, have a high level of cadmium 
tolerance. Health Canada has recommended limiting 
consumption of Yukon moose kidneys and livers to 
one-year · ' •person 1

• No limit has been set on the amount 
of moose meat recommended for consumption. Resu lts 
are consistent with high concentrations of Cd found in 
Yukon moose coming from natu rally occurring geological 
sources, via hyperaccumulating planes such as willows. 
However, the effect of local po int sources on cadmium in 
Yukon moose has not yet been exp lored. 
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Key Project Messages 
I . For some elements, moose renal chemistry is affected 

by the underlying geology of the moose home range. 

2. Results are consistent with high concen trations of 
cadmium found in Yukon moose coming from naturally 
occurring geological sources, via hyperaccumulating 
plants such as willows. 

Objectives 
I . To further understand the dynamics of contami nants 

in moose as they relate to ecoregions and un derlying 
geology. 

2. To identify potential 'hot spots' for contaminants in 
Yukon moose. 

Introduction 
Moose represent a significant portion of the terrestrial 
co untry food consumed in the Yuk o n. T he Yuko n 
Contaminants Comm ittee has recogni zed this and 
collected moose tissues for contaminant analys is since 
1993. While moose are eva luated for contami nants of 
concern in the territory each yea r, there is po tential for 
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much more ro be learned from the information in the 
database. The Yukon Terrirory is a geographically and 
ecologica lly diverse land . A map of ecoregions in the 
Terrirory has been devi sed ro enable wi ldli fe managecs ro 

more meaningfully interpret data co ll ected from diverse 
areas of the Terrirory. Analyzing existing contaminant data 
for moose on an ecoregion basis and relating chat ro the 
unde rl ying geochemistry of the areas (data from 
Geological Survey of Canada) will increase our under
standing of th e dynam ics of co ntaminants within the 

ecosystem . le will also highlight any geograp hi cal 'hoe 
spots' of specific contaminants, such as cadmium, which 
is an ongoing concern in moose in the Yukon. 

Activities 

In 2002-2003 
One hundred arch ived moose kidneys, obtained from the 
ongoing Hunter Survey Program, were analyzed for a suite 
of 26 elements by Elemental Research Inc., Vancouver, 

BC using ICP-MS. These data were added ro the existi ng 
Yukon Contaminants Database for analysis. The resulting 
database and the Geological Survey of Canada database 
on stream sediments were used to analyze moose renal 

chemistry and scream sediment chemistry on an ecoregion 
bas is, and subsequently o n a hunting zone basis. The 
inte rrelat ionship between moose renal chemistry and 

scream sediment chem istry was also explored. 

Results 
Because age affects renal concentrations of some elements 

111 moose (Gamberg, 2000), age was included as an inde
pendent factor in all Ge neral Linear Model (GLM) and 
regression analyses of moose kidney data. However, since 

the effect of age is not relevant to the interpretation of 
these analyses, it will not be included in che discussion of 
results. The following elements had more than 50% of 

the values below dececcion limits in the moose kidney 
database and were not included in the ana lyses : Sb, Be, 
Ag, T I, and U. All sign ificance levels in these analyses are 

co ns idered ro be a = 0.05. 

To dete rmine whether moose renal chemistry differed 

among ecoregions, a K-Means Cluster analysis was used 
to classify the data into eight clusters based on renal chemis
try. A chi-square tes t was then used to determ ine if there 

was an association between clusters and ecoregions. The 
resu lting frequ ency cable had too many cells chat were 

< 5, invalidating the cesc. Data for clusters in which 
N < I O were then removed, and chc cluster analysis 
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rerun. This procedure was repeated until all clusters had 

N > 10. As a result of this procedure, data in each cell 
(cluster) for the Pelly Mountains, Selwyn Mountains, 
Ruby Ranges and Yukon Plateau Central were < 5 and 
were deleted, leaving four regions in the analysis (Liard 
Basin, Klondike Plateau, Yukon Plateau North and Yukon 
Southern Lakes) . The chi-square test on the resulting data 
showed chat there was a significant association between 

cluster and ecoregion. The same procedure was followed 
for scream sediment chemistry except that data foe cluscecs 
in which N < 25 were removed before performing the 
chi-square cesc (this was a much larger data set) . No 
ecoregions were removed from this data sec. The 
chi-square cesc showed chat there was a significant 
association between cluster and ecoregion. 

A GLM was used ro determine whether specific elements 
in moose kidneys differed among all eight ecoregions, 
while an ANOVA was used ro determine whether specific 

elements in scream sediments differed among ecoregions. 
Cd, Co and Ni were che only elements in moose kidneys 
chat showed a significant difference among ecoregions 
whereas scream sediments showed a significant difference 
for As, Ba, Cd, Cr, Co, Cu, Fe, Pb, Mn, Hg and Mo. A 

regression performed for moose renal element against 
sed iment element using average element concentrations 
for each ecoregion (N = 8 ecoregions), indicated no 

significant relationships. 

As an alternative ro ecoregions, the data were reanalyzed 
on a game management zone basis. Game management 
zones were delineated as a management rool by YTG, 

their borders usually following roads, rivers and/or moun
tain passes. Because these borders (including roads in the 
Yukon) follow natural concours of the land, it was 
considered a reasonable classification co consider in the 

context of these analyses. A GLM test on renal elements 
determined chat Ba, Cd, Co and Pb differed among zones 
while Ba, Cd, Cr, Co, Fe, Pb, Hg, and Mo differed among 
zones when sediment elements were rested with an 

ANOV A. A regression was also performed between renal 
and sediment averages for hunting zones (N = 9 hunting 
zones) for each element. A significant relationship was 
found for renal and sediment Cd and Zn only (Figures 1 
and 2), although the significance level for Zn was low 

compared co Cd. 

To more closely examine the relationship of moose renal 
chemistry to sediment chemistry without artificially created 
categories (ecoregions or game management zones), a mean 
was taken of all sediment data for sediment collection points 

within a 20 km area circle around the collection point for 
each moose. The area of the circle was based on a mean 
winter home range size for Yukon moose (Keith, 1995). 
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Figure 1. Moose kidney and stream sediment Cd averages 
for hunting zone 
200 --------------, 
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50 +----------------< 
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Stream sediment Cd (µg·g-') 

Mean sediment concentrations were then regressed against 

individual moose renal concentrations for each element using 

a linear regression model. Al, B, Ca, Mg sedimenr data were 
not available for these sites and were not included in the 

analysis. There was a significant relationship berween moose 

renal concentration and sediment concentration for Cd and 

Ni only (Figures 3 and 4), although che relationship for Zn 

approached significance. Because there were obvious outliers 

in both cases, both regressions were rerun using age-corrected 
moose renal Ni concentrations :S 1.0 µg·g 1

, age-corrected 

moose renal Cd concentrations :S 400 µg·g I and sediment 

Cd concentrations :S 2.0 µg·g - 1
• Boch relationships remained 

significant. 

Discussion and Conclusions 
For some elements, moose renal chemistry is affected by 

the underlying geology of che moose home range. Renal 

cadmium and zinc both had a positive relationship with 
sediment concentrations when analyzed by game manage

ment zone and both renal cadmium and nickel were 

significancly affected by sediment concentrations in che area 

immediately surrounding che moose collection point. 

The obvious mode of transfer of these elements from 

sediment co moose is via plants growing in che soil and 

being consumed by moose. Willows (Sa/ix sp.) are a pre

ferred food species for Yukon moose (Risenhoover, 1989), 
and have been shown ro be hyperaccumulacors of Cd and 

Zn (Vandecasceele et al., 2002). Although this effect has 

not (co the author's knowledge) been measured for Ni, it 

is reasonable co suppose chat elements as similar chemi

cally as Cd, Z n and N i would ace in the same manner, 

and chat N i would also accumulate in wi ll ows. le is likely 
chat variati on in renal elements chat cannot be explained 

by sed iment element or age may be explained, ac lease in 

pare, by habitat variation. The presence o r absence of 

hyperaccumulacing plants chat provide forage for moose 

280 

Figure 2. Moose kidney and stream sediment Zn averages 
for hunting zone 
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will determine whether metals in the soi l wi ll be passed 

on co moose. Areas wich high sediment elements, but no 

hyperaccumulacing planes would not be expected co show 

high renal elements in moose as chey would then browse 

on other species. Unfortunately, we have no quantitative 

measure of chis variable co add co the analysis . 

Nickel and zinc are both essential trace elements under 

homeostatic control> and concentrations in moose kidneys 

are similar co chose considered adequate for caccle (Puls, 

1994). Neither element represents a toxicity issue for 

Yukon moose. The same is not true of cadmium . This 

element has been named as a potential health chreac co 

wildlife species (Larison ec al. , 2000), and chere appears co 

be quire a large 'hoe spoc' in che central/soucheascern pare 

of che territory (Figure 5). Some of che moose measured 

in chis study, parcicularly chose from the soucheascern 

Yukon have renal Cd concentrations chat fall within, or 

even exceed the threshold range of 400-800 µ,g•g- 1 (dry 

weight) at which renal tubule dysfunction has been shown 

co occur (Elliot ec al. , 1992, Kjellscrom, 1986). This 

indicates potential for older moose in so me pares of che 

Yukon co be at risk of renal dysfunction due co high renal 

cadmium. The face char these moose were alive, shoe by 

hunters and apparently healthy at che time suggests chat 
1) moose in chis area may have evolved a high level of 

natural cadmium tolerance, 2) moose in this area may 

have developed a high level of cadmium tolerance over 
their lifetimes, or 3) moose, as a species, have a high level 

ofCd tolerance. Health Canada has recommended limit

ing consumption of Yukon moose kidneys and livers co 

one-year- 1-person 1
• Because Cd does not accumulate in 

muscle tissue no limit has been placed on che amount of 

moose meat recommended for consumptio n. 

These analyses show clearly chat ch e high co ncentrations 

of Cd found in Yukon moose, chat have prompted a 

health advisory on Yukon moose liver and kidneys, and 

may pose a health hazard co che moose themselves, is 
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Figure 3. Moose kidney and stream sediment Cd analyzed by moose location 
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Figure 4. Moose kidney and stream sediment Ni analyzed by moose location 
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Figure 5. Average moose kidney and stream sediment Cd for hunting zones in the Yukon Territory 
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consistent with the hypothesis that the Cd is coming from 
naturally occurring geological sources, likely via hyperac
cumulating plants such as willows. Another possible 
source of the Cd is local point sources . Such analysis is 
beyond the scope of this work, bur would be necessary to 
determine whether anthropogenic activity is affecting Cd 
concentrations in Yukon moose. 

Project Completion Date 
The project was completed in May 2003 
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Abstract 
Me rcu ry (tota l and methyl), cadmium and selen ium 
co ncen trat ions were measured in tissues from mink 

trapped from the Yukon Territory. None of these metals 
we re found at levels of toxicological concern. Total 
me rcury co nce ntratio ns were inversely related co the 

proportion of mercu ry present as methyl mercury, and 
positively related to concentrations of selenium, indicat

ing increasing demethylation of methyl mercury, and the 
fo rmation of mercuric selen ide as rocal concentrations of 
me rcury increased. This relationship was seen most 
strongly in mink liver, less so in kidneys and not at all in 
bra ins where most of the mercury was maintained in the 
methyl form. There did not ap pear to be obvious geo
graph ical 'hot spots' in mink mercury concentrations, and 

there was frequently a relatively large range of mercury 
levels fo und in mink from a given trapl ine. Mink diet may 
be a facro r in this variat ion. Local enviro nm ental levels 
of cad mium do not appear to affect mink. Mercury, 
cadmi um and se leni um do nor appear to constitu te 
env ironmental hazards to mink in the Yukon. 

Key Project Messages 
I. Mercury, cadmium and selenium do not appear to 

co nsti tute enviro nmental hazards ro Yukon mink. 

M. Gamberg 

2. No geographical 'hoe spots' were found for mercury 
or cadmium in Yukon mink. 

Objectives 
I. To determine whether mink are exposed to high 

cadmium levels to the same degree as terrestrial 
animals in cadmium 'hot spots' in the Yukon. 

2. To further understand the possible health impacts of 
mercury on mink by determining mercury/selenium 
ratios in mink tissues. 

Introduction 
In a review of spatial and temporal trends of concaminancs 
in Canadian Arctic freshwater and terrestrial ecosystems, 
mercury was identified as the one contaminant found in fish 
chat consistently exceeds guideline limits for commercial sale 
or subsistence consumption (Braune et al. , 1999). Mink are 

top crophic level carnivores, feeding mainly on fish and small 
mammals (Gilbert and Nancekivell, 1982), and are thus 
exposed to cl1e high levels of mercury found in freshwater 
fish. Furthermore, mink have been found to be sensitive 
indicarors of environmental mercury, even at low levels of 
contamination (Kucera, 1983; Wren et al., 1986). Mercury 
levels in mink have been studied in NWT (Poole et al., 
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1995), Manitoba (Kucera, 1983), Ontario (Wren et al., 
1986) and northern Quebec (Langlois and Langis, 1995), 
buc only tissues from three Yukon mink had been analyzed 
for mercury (Gamberg, 2000). Filling chis knowledge gap 
will not only improve our understanding of che dynamics of 
mercury within che northern ecosystem, but in the 
implementation of this project, and in the communication 
of results, ic will also increase public awareness of th is 
environmental issue and of ecosystem health in general. 

Activities 

In 2002-2003 
This project was initiated as an adjunct co an exiscing 
project funded by the orchern Ecosystems lniciacive 
Program (Environment Canada) co study mercury in 
Yukon mink. In addition, Nil Basu, a graduate student 
working at McGill University under Dr. Laurie Chan, 
analyzed some of che mink brains for coca! Hg and 
mechylmercury (MeHg) as pare of his work on brain 
neurotransmitters. To keep che research in perspective, 
results from all chree portions of che project are presented 

as an incegraced whole. 

A coca! of 98 mink carcasses were received from Yukon 
trappers over the cwo years of the project. All liver and 
kidney were analyzed for coca! mercury and selenium. 
Liver, kidney and brain tissue was analyzed for coca! Hg, 
MeHg and Se while only kidneys were analyzed for Cd. 
A lower canine was extracted from each mink and che age 
of the animal determined using the cementum technique 
at che Yukon Environment laboratory in Whitehorse. The 
stomach contents of each mink were analyzed at che same 

laboratory. 

Results 
Fish and mammals cogecher made up 89% of the Yukon 
mink diet, with fish being slighcly more prevalent 
(Table I). lnvercebraces were only found in two mink 
stomachs and were present in very small amounts (1-2% 
of coca! stomach contents). Unknown material was also 
found in two mink stomachs and in both cases appeared 
co be a synthet ic fabr ic. None of age, sex or year of 
collection significancly affecred levels of coca! Hg, MeHg 

or Se in any tissues measured. T here was a negati ve 
relationship between coca! H g co ncent ra ti o ns and 
% MeHg in mi nk live r (F igure I), bu t no signifi ca nt 

relationship in either kidney or bra in t issue. A posit ive 
relationship between coca! Hg and Se was found in min k 
liver and kidney, but not in brai n (Figure 2) . Kidn ey Cd 
was not affected by mink sex o r year of co llectio n, but 
was positive ly related co age, a relationship chat is 
commonly seen in a variety of animals (Gamberg, 2000). 
The mink were assigned co one of cwo groups based on 
Yukon game manageme nt zones chat were des ignated as 
high or low Cd areas. Th is des ignatio n was based on 

moose renal Cd and stream sedi ment C d levels fo und in 
a previous study (Gamberg, 2003). T here was no d iffer
ence in mink renal Cd concentratio ns between the two 
areas. There did not appea r co be obvio us geograph ical 
'hot spots' in mink Cd or Hg concentrations (Figure 3). 

Discussion and Conclusions 
Total concentrations of mercury in Yukon mink (Table 2) 
were similar co chose found in mink fro m N WT (Poole 

et al., 1995), and generally lower than mink fro m O ntario 
(Wren et al. , 1986; Evans et al. , 2000) and M ani toba 
(Kucera, 1983). Total mercury levels in mink li ver and 
brain were an order of magnitude lowe r than co ncentra
tions cited by Weiner et al. (2002) chat wo uld indicate 

lechal exposure (20-100 µ.g•g 1 in liver and > I 0 µ.g•g 
in brain on a wet weight basis) . Selenium concentrations 

Figure 1. Total and methyl mercury in Yukon mink liver 
140 -,----------------~ 

120 • 
bO 

:,:: 100 
~ r' = 0.22 

* 80 • • 
~ 

60 • ::::. • • •• • 
40 -< • 

2: j I • • 

1 2 3 
Liver Total Hg (µg·g·' wet weight) 

Table 1. Analysis of mink stomach contents from Yukon mink trapped 2001 J 
Fish Mammal Bird Invertebrate Vegetation Unknown 

Weighted Mea n (%) 46 43 4 0 6 

Frequency of Occurrence (%) 36 30 
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Figure 2. Total mercury and selenium in three tissues from Yukon mink 
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in these mink were somewhat higher than levels cons id
ered 'adequate' in mink by Puls (1994), but the mink did 
not show any signs of selenium toxicity. Kidney cadmium 
co ncentrations ranged from 0.034 to 1.84 µg· - ,g (wet 

weight) and did not approach levels that are thought to 
cause kidney dysfunction (100-200 µg-g 1 wee weight; 
Scheuhammer, 1991 ). 

A significant relationship between total H g and % MeHg 
has been explai ned in a variety of an imals to be a thresh
old relat ionship where mercury co nsumed as MeHg 
remains in that form until a concentration of about 

l 0 flg·g I is reached and the demethylation mechanism 
is activated (Weiner et al. , 2002). The data from this 

M. Gamberg 

project shows a similar relationship, but without the 
threshold effect. In fact the levels found in this study are 
consistently less than half that threshold concentration. 

The highest concentrations of total Hg are found in mink 
liver, where there is a significant inverse relationship 
between total Hg and % MeHg. This indicates the 
demethylac ion of MeHg in liver tissue occurring at a 
greater rate with increasing concentrations of total Hg. 

Wagemann ( 1999) has hypothesized that demethylation 
in the liver leads to the formation of Hg++ and finally the 

detoxification of that form to mercuric selenide (HgSe). 
Evidence supporting this hypothesis was offered from 
marine mammal data chat indicated a positive relationship 
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berween total Hg and Se in liver tissue. The same relation
ship is seen in the Yukon mink liver. Total Hg concentra
tions are lower in kidney than liver, and % MeHg is 
correspondingly higher. Although there is no significant 
relationship between rota! Hg and % MeHg in mink 
kidney tissue, there is a significant relationship between 
kidney rota! Hg and Se, again possibly indicating the 
formation of HgSe as a result of demerhylarion of Me Hg. 
Total Hg concentrations in mink brains were very low, 
and virtually no demethylarion was apparent, with MeHg 
making up 92% of the total Hg in that tissue. This was 
the only tissue that did not show a significant relationship 
between total mercury and selenium, again demonstrating 
the absence of the demerhylarion process. 

Mink do not appear ro be as affected by local environ
mental levels of Cd as terrestrial herbivores such as moose. 
In the latter case, the Cd is mobilized from the soil 
through hyperaccumularing plants such as willows, which 
are preferred forage for arctic ungulates, including moose. 
This process obviously does not affect piscivorous mink, 
and there doesn't seem ro be an alternate pathway of Cd 
accumulating in their food web. There are no obvious 'hot 

Figure 3. Total mercury concentrations in Yukon mink 
liver tissue. Each symbol represents the 
average for one trapline 

TolalHg 
(µg/gwetweighl) 

q11 

spots' of Cd in Yukon mink, and Cd does nor appea r ro 
be an issue for this species. Yu ko n mi nk also did nor 
demonstrate any obvious geographica l 'ho t spots' of Hg. 
Although with so few samples, it is d ifficult ro d raw fi rm 
conclusions, mink from a si ngle t ra pl ine fr equen tly 
showed high variabi lity in me rcury co ncentrations, sug

gesting that these variations are caused by fa crors other 
than local enviro nme ntal cond it ions. Diet is o ne fa cror 

that could account fo r so me of the variatio n seen in mer
cury in this study. M in k with a higher proportion of fi sh 
in their diet wou ld be expected ro have higher mercury 
concentrations than those feedi ng more heavily on small 
mammals. Although the proportion of fis h in stomach 
contents of the mink in this study was posi tively related 
to liver MeHg, the r2 was low (0 .06) and it had no sig
nificant relationship with any other form of mercury in 

any other tissue. Sromach contents is not the best measure 
of diet in this case because it ind icates only what rhe 
animal has consumed immediately before death and may 
not be an accurate reAecrion of the general diet. An 
analysis ofC-13 and N-15 isotope ra ti os would provide 
a better rest of this potential rela tio nship. 

Project Completion Date 
The project was completed in June 2003 
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carcasses for this project. Without their participation, this 
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Yukon Environment staff is gratefully aclm owledged . Con 
servation officers, biologists and clerks were instrum ental 
in the collection of carcasses. Many thanks also to Angela 
Milani (Environment Yukon) who aged the mink teeth and 

analyzed the mink stomach contents. T his project was 
funded by the Northern Ecosystem I niriarive (Environment 
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Table 2. Metal concentrations in Yukon mink trapped 2001 - 3 (wet weight basis) 
Kidney Liver Brain 

N Mean so N Mean so N Mea n so 
Tota l Hg (µg/g) 98 0.66 ± 0.54 98 0.92 ± 0.90 30 0.22 ± 0.1 6 
MeHg (µgig) 33 0.77 ± 0.48 38 0.85 ± 0.57 20 0.21 0.1 6 ± 
% MeHg 33 72 ± 13 38 63 ± 19 20 93 22 ± 
Cadmium (µg/g) 39 0.22 ± 0.30 
Selen ium (µg/g) 98 2.07 ± 105 98 1.40 0.84 10 0.39 ± 0. 17 
% Moisture 30 72 ± 8 30 69 ± 2 30 77 + 
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Abstract 
Whire/ish and moose were sampled from the traditional 
territory of the Selkirk First Nation, near Pelly Crossing, 
Yukon, to address concerns of the First Nation regarding 
contaminants in their traditional foods and the safety of 
consuming those foods. Whirelish muscle was analyzed 
for total mercury, selenium and arsenic and a range of 
organoch lorines . All contaminant concentrations were 
low and not of concern to people using these fish as a 
food source. Moose liver, kidney and muscle were 
analyzed for 26 elements. Elements of concern such as 
arsenic, lead and mercury were found at very low levels 
and should not be considered health issues. Cadmium 
levels in moose kidney and liver, while lower than levels 
found in moose from other pans of the territory, may still 
be a health concern. Consumers of these organs should 
nore the Yukon Health and Social Services recommenda
tion to limit consumption of moose liver and kidney to 
one/year. Cadm ium does not accumulate in moose 
muscle (meat) and no limit has been placed on the 
amount of moose meat recommended for consumers . 
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Key Project Messages 
I. Whirefish and moose from the Selkirk First Nation 

traditional area have genera lly low levels of contami
nants and do not pose a health threat to consumers 
or to the animals themselves . 

2. Those concerned about cadmium intake (especially 
smokers) should limit their intake of moose liver and 
kidney to one/year. 

Objectives 

I. To determine contaminant levels in country foods 
traditionally used by the Selkirk First Nation. 

2. More specifically, to determine cadmium levels in 
moose in the Selkirk traditional area (human health 
issue). 

3. To restore confidence in country foods within the 
Selkirk First Nation. 

M. Gamberg and the Selkirk First Nation 



Introduction 
The Northern T ucchone people of the Selkirk First Nation 

(SFN) continue to practice many aspects of their traditional 

lifestyle and consider it important to preserve this lifestyle 

for futu re generations. An important aspect of this lifestyle 

is hunting and gathering traditional foods throughout the 
SFN traditional territory. Over the past decade there has 

been much discussio n and controversy about contaminants 

in the Canad ian Arctic. This has caused some concern 

within SFN about the safety of consumi ng traditional foods 

from their traditional territory. 

A su rvey of the Yuko n Contaminants Database identified 

very few samples collected from che Selkirk traditional 

area. A survey of contaminants in Yukon country foods, 

conducted in 1995 under the Northern Contaminants 

Program, sampled only two ruffed grouse and two ground 
squi rrels from this area. An ongoing survey of contami

nants in Yuko n moose and caribou has resulted in samples 

from seven moose and one caribou from rhe area, and an 

ongo ing DIANO project sampling fish from around the 
Yuko n for co ntaminants has only samp led one lake 

(Taclemain) from the area. This constitutes a data gap in 

contaminants in country foods within the SFN traditional 

cerriro ry. 

The purpose of th is project was to determine if traditional 

foods from the SF territory are safe to consume, and to 
restore the confidence of these First Nation people in their 

traditional li festyle. SFN chose to sample moose and trout 

for contaminant analysis - two wildlife species commonly 

used as food and of concern with respect to contaminants. 

This add resses the identified data gap within the Yukon 
Contaminants Database. 

Activities 

In 2000-200 1 
Altho ugh che intent was for SFN to participate in the 

collection of fish for contaminant analysis, no members 
of the First Nacion were ava ilable to assist. The Fish and 

Wildlife branch of Yukon Environment collected fish 

from Ea rn and Tadru Lakes, both near Pelly Crossing, 

Yukon, for this project. Trout were unavailable from these 

lakes, but 18 lake wh itefish ( Coregonus clupenfonnis) were 

collected and analyzed in their place. W hi tefish are also 
traditionally harvested by SFN as a food source. Fish were 

processed by DIANO staff in W hiteho rse, and otol iths 

were extracted forag ing. W hitefish muscle was analyzed 

for total mercury, seleniu m and arsenic and a range of 

organochlorines by Dr. Gary Stern at DFO, Winnipeg, 

M. Gamberg and the Selkirk first Nation 

using high resolution gas chromatography with electron 

capture dececrion. 

Although every effort was made to obtain moose samples 

from SFN hunters during hunting season, none were 

submitted to the project. Muscle samples from 8 moose 
were obtained from hunters' freezers, and 5 liver, kidney 

and muscle samples from moose hunted in the SFN tra

ditional territory were donated to this project from the 

ongoing Hunter Survey Program. Moose samples were 
processed at the D IANO laboratory in Whitehorse and 

were analyzed for a suite of 26 elements at Elemental 

Research Inc. in Vancouver using ICP-MS. Liver and 
kidney samples were analyzed individually, while che 

muscle samples were pooled into two groups for analysis, 

one group from SFN hunter freezers and one group from 

the hunter survey. Where teeth were available, they were 

aged using the cementum technique. 

A full technical report on the project was written (Gamberg, 

2003), and a brochure summarizing the findings of che 
project in a lay format was produced. The results of che 

project were also presented at the Annual Spring Gathering 

of SFN in May of 2003. 

Results and Discussion 
Arsenic and selenium concentrations were significantly 
lower in whicefish muscle samples from Tadru Lake as 

compared with those from Earn Lake, while mercury 

levels were significantly higher (Fig. 1). These differences 

may be the result of naturally occurring environmental 

levels of these elements. Selenium tends co concentrate in 

the black shales of the Selwyn Basin in the Yukon . Earn 
Lake is surrounded by these black shales whereas T adru 

Lake is in a sedimentary geological type and would not 

be expected to have high selen ium. 

Tota l mercury in lake whicefish muscle was inversely 

related to selenium (Fig. 2; p < 0.001; r' = 0.515). le is 

Figure 1. Average element concentrations (wet weight) 
in lake whitefish muscle from two Yukon Lakes 
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Figure 2. Relationship between Hg and Se in muscle 
from whitefish collected from two Yukon lakes 
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Figure 3. Relationship between muscle Hg and body weight 
in whitefish collected from two Yukon lakes 
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generally believed that selenium protects vertebrates 
against methylmercury poison ing (Cuvin-Aralar and 
Furness, 1991 ), but this has been shown largely in 
mammals and as a result of Hg-Se complexes being 
formed after the methylmercury has been demethylated 
(Wiener et al., 2002). In these cases, the relationship 

between Hg and Se is a positive one. Although methyl
mercury was not measured in this study, we assume that 
in this case, total mercury is equal to methylmercury, 
since virtually all of the mercury found in muscle tissue 
of freshwater fish is methyl mercury (Bloom, 1992). Since, 
no significant amount of demethylation occurs within 
skeletal muscle of fish, a relationship between Hg and Se 
would not be expected . Analysis of data from the Yukon 
Contaminants Database revealed no relationship between 
mercury and selenium in 10 additional samples of 
whitefish muscle from lakes around the Yukon. The 
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Figure 4. Average organochlorine concentrations in 
whitefish muscle from Tadru and Earn Lakes 
and the average for Yukon lakes (data from 
the Yukon Contaminants Database) 
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OLD= dieldrin; CBZ=chlorobenzenes (include 1245- and 1234-tetrachloroberizene, penta
and hexa-chtorobenzene); HCH = hexachlorocyclohexanes (include a,(3,6 and -y-HCH); 
CHL = Chlordanes (include heptachlor, octachtorostyrene, oKyChlordane, trans- and 
cis-chlordane,trans-andc/s-nonachlorandheptachlorepoxide):DDTsincludeo,p-and 
p,p-ODE, o,p- and p,p-ODD arid o,p- and p,p-DDT; PCBs include 91 PCB congeners: 
TOX=Toxaphene. 

relationship seen in this study may be a reflection of local 
environmental levels of these metals. 

Mercury in lake whitefish muscle was positively related to 
body weight (Fig. 3; p = 0.008; r' = 0.025). This relation
ship has been shown in many laboratory studies with fish 
(Wiener and Spry, I 996). Increasi ng concentrations of 
mercury with size or age indicate that the elimination of 

methylmercury is very slow relati ve to the uptake in fi sh. 
However, mercury levels in these fish do not approach 
concentrations that would be co nsidered harmful to those 
using these whitefish as a food source. For those concerned 

about mercury in their diet, choosi ng smaller fish to eat 
would reduce the level of mercury intake. 

Organochlorine concentrat ions in muscle from whitefish 
from the SFN area were consistently low and not a health 
concern for those consuming th ese fi sh. None of the 
organochlorines measured differed between SFN lakes, and 

most did not differ from concentrations found in whitefish 
Yukon-wide. C hlorobenzenes and HCHs, however, were 
lower in whitefish from the SFN area than the Yukon in 
general (Fig. 4) . Note that although the average toxaphene 
level was higher Yukon-wide than in the SFN area, the high 
variability among individual concentrations resul ted in no 
statistically sign ifi ca nt difference between the Yukon in 
general and the SFN lakes. 
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Table 1. Average element concentrations (~g-g- 1 dry weight) in tissues from moose collected from the Selkirk First 
Nation traditional territory (Mean ± standard deviation) 

Kidney 

N 5 

Alu minium 1.00 ± 0.55 Ll2 

Arsenic 0.16 ± 0.06 0.08 

Cad mium 120.3 ± 82.0 13.7 

Cop per 14.9 ± 2.2 100.0 

Lead 0.06 ± 0.05 0.04 

Mercury < 0.05 ± 0 < 0.05 

Selenium 5.52 ± 1.56 6.86 

Zinc 127.6 ± 24.3 72.6 

Most element concentrations measured in moose kidneys, 

livers and muscle tissue from che SFN traditional area were 
not significancly different from chose found in other pares 
of the Yuko n (data from Yukon Contaminants Database). 
Arsen ic, cadmium, calcium, srroncium, vanadium and zinc 
were all lower in moose from che SFN area than in moose 
from other pares of the Yukon . Mercury concentrations 
tend to be low in Yukon moose, and were not detectable 
in any moose tissues analyzed from the SFN area. The low 
levels of some elements found in moose from this area 
likely reAecc the local geology of the area. 

~1ost elements measured in moose tissues were nor ar 

le,,els considered harmful co consumers. Elements of 

concern such as arsenic, lead and mercury were all found 
ac very low levels and shou ld not be cons idered health 
issues (Table I). Cadm ium levels in moose kidney and 
liver, while lower than levels found in moose from other 
pares of the territory, may sti ll be cause for concern for 
those who have a preference for eating liver and kidney, 
especially if they are also smokers. Consumers of these 
organs should note the Yukon Health and Socia l Services 
recom mendation co limit consumption of moose liver and 

kidney co one/year. Cadmium does noc accumulate in 
moose muscle {meat) and no limit has been placed on che 

amou nt of moose meat recommended for consumers. 

Cadm ium does accumulate over time, so chat older 
animals wou ld be expected co have higher levels in their 
organs than yo un ge r animals. Choosing to eat liver and 
kidney from yo unger animals would reduce the intake 
of cadmium. 

M. Gamberg and the Selkirk First Nation 

Liver Muscle 

2 (Pooled) 

± 0.58 0.85 ± 0.38 

± 0.02 0.05 ± 0.04 

± 5.8 9.7 ± 5.5 

± 109.8 104.9 ± 6.9 

± 0.01 0.03 ± 0.02 

± 0 < 0.05 ± 0 

± 3.16 5.01 ± 2.62 

± 23.8 48.2 ± 34.5 

Conclusions 
Whicefish and moose from che Selkirk First Nacion 
traditional area have generally low levels of contaminants 
and do not pose a health threat to consumers or to the 
an imals themselves . Those concerned about cadmium 
intake (especially smokers) should limit their intake of 
moose liver and kidney co one/year. 

Expected Completion Date 
This project was completed in May 2003 
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Abstract 
T he polar bear ( Ursus maritimus) is the apex predator of 
the Arctic marine ecosystem and an integral component of 
Inuit cu lture. Due to its position at the top of the marine 
food web, levels of contaminants in polar bears are among 
the highest observed in the Arctic. Significant concerns 
about th e effect of these contaminants exist for both the 
polar bear and humans who consume them. Although the 

levels of organochlorine contaminants have been monitored 
in western Hudso n Bay polar bears throughout the 1990s, 
there has not been a comprehensive study on the spatial 
distribution of conrnminancs, organics or metals in 
Canadian polar bears since the late I 980s and early 1990s. 
To address this data gap we determined a suite of persistent 

organic pollutants (POPs) and metals that have been 
identified as important conraminancs in the environment, 

in tissues of individual polar bears (i.e., femaie bears 
between the ages of 5 and 1 5 years to reduce age effects) 
from populations spanning the Canadian Arctic. Samples 
of liver, muscle and fat were collected (2001-2002 season) 
from all polar bears harvested in Nunavut and some of the 
bears from the orrhwest Territories. 

R. Letcher, D. Mu ir, A. Fisk and R. Norstrom 

Key Project Messages 
1. Levels of arsenic, cadmium, mercury and selenium in 

polar bear liver in 2001-02 were similar to what they 

were in 1989-9 I. 
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2. The highest levels of mercury were found in polar bear 
livers from the southern Beaufort Sea. This is similar 

to geographic trends for mercury in Beluga. 

3 . Between 1989-91 and 2001-02, concentrations of 
chlordanes, DDTs, PCBs and PCB metabolites 
(MeSO,-PCBs) showed a general decline. 

4. For the first time, the flame retardant polybromi
nated diphenyl ether (PBDE) was measured in polar 

bear fat. 

5. PerAuorinated acids, primarily perAuorooctane sulfo
nate (PFOS), were measured in polar bear liver. The 
highest concentrations of PFOS were measured in 
livers of Hudson Bay polar bears. 

Objectives 
I. Determine spatial and temporal trends of persistent 

organic pollutants (POPs), including new potential 
POPs such as brom inaced flame retardants and 
perAuorinaced acids, and metals in che tissues of polar 
bears collected throughout the Canadian Arctic in 
2001-2002. 

2. Measure stable isotopes of nitrogen and carbon in 
muscle tissue to determine the diet of the polar bears 
for use in assessing variation in contaminant levels . 

3. To archive polar bear tissue samples for this project 
and future studies. 

4. Provide information in a timely manner to each Inuit 
community participating in the study, on the levels and 
temporal trends of these contaminants in polar bear. 

Introduction/Study Design 
Collection of polar bear fat and liver samples was made 
during the 2001-2002 hunting season from what was 
initially considered 5 regions in the Canadian Arctic 
(Figure I). However, after assessing the samples obtained, 
it was decided chat the sets actually were comprised of 
bears from 6 populations. A large of number of samples 
was made available, and appropriate samples were selected 
(i.e., female polar bears between the ages of 5 and 15 years 
from each of the 6 regions) . We have measured a suire of 
contaminants (organic and metals) in the fat and liver of 
rhe selected bears to assess spacial and temporal 
contaminant trends. Temporal trends can vary geograph
ically and there has not been a comprehensive examination 
of contaminants in polar bears of Canada in more than 
I O years. These locations were chosen based on the 
variabiliry of OC concentrations observed in polar bear 
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Figure 1. The regions of the Canadian Arctic that polar bears 
were chosen from for analysis of contaminants 

Beaufort Sea 

Lancaster Sound / Jones Sound 

West Hudson Bay 

-Southeastern 
Baffin Island 

populations from the 1980s and ea rly 1990s (Norstrom 
et al., 1998). Scab le of isotopes of nit rogen and carbon in 
muscle are also in che process of bei ng determined, and 
will be compared with ringed seal values ava ilable from 
other studies to assess if the feeding behavior of polar 
bears varies between regions. These resu lts have been 
compared to past studies on OCs and metals in Canadian 
polar bears. 

In che 2001 and 2002 hunting seasons, adipose samples 
from polar bears from several representative regions of che 
Canadian Arctic were gathered for contaminant analys is. 
In addition to the affi liation in the title, other Canadian 
government departments chat participated in sample 
collection and distribution and/o r sample analysis were 
NWRI (Environment Canada), NWRC (CWS, Environ

ment Canada), Dept. of Sustai nab le Develop ment 
(Government Nunavut), Dept. of Resources, Wi ldlife and 

Economic Development (Government of the NWT) and 
the Ontario Ministry of Natural Resources (Government 
of Ontario) . Female polar bears were chosen from 
5 regions in the Canadian Arctic (NWT and Nunavut, 
Figure I) . These locat ions were chosen based o n che 
variability of PCB, OC and MeSO,-PCB/-DDE concen
trations observed in po lar bear popu lations from che 
1980s and early 1990s (Letcher et al. , 1995; Norstrom ec 
al ., 1998) . The number of samples was chosen to provide 
the necessary statistical power based on OC variabil ity in 
polar bears . Norstrom et al. ( 1998) and H enri ksen et al. 
(2001) concluded that a mini mum sam ple size of 10 per 
location was required fo r statistical analys is of contami
nant concentrations between locat ions. Due co the 

increase in concentrations with age in male polar bears 

and variability in concentrations encountered in young 

R. Letcher, D. Muir, A. Fisk and R. Norstrom 



bears, female polar bea rs between the ages of approxi
mately 5 and 15 were chosen. Alo ng with th e sam ples, a 

tooth was collected and is currently being used fo r aging 
the bears. Stable iso topes of nitrogen and ca rbon in 

muscle is also being determi ned (Atwell et al. , l 998; 
Ho bson and Welch , l 998) and compared to rin ged seal 
val ues available from oth er studies to assess if the feeding 
behavio r of polar bears vari es between regions . Adipose 

samples were stored at the NWRI (Environment Canada) 
and G LI ER at - 20°C or lower. 

Results and Discussion 
T he main deliverable that was ini t ially identified was to 

report on spatial and temporal trends in metal and POP 
concenrraci ons in moni to ring ti ssues of Canadian polar 
bears from areas of th e NWT and N unavut. The findings 

of these analyses are presently listed and discussed. 

Metals 
Liver sa mples were analyzed for mercu ry by cold vapour 
ato mic absorptio n spectrometry (CV AAS) and for 
24 elements using Inducti ve ly Co upled Plasma-low 
resolution mass spectro metry (ICP-MS) by NLET. 

The toxico logical significance of the standard sui te of 

organochlorine contaminants (OCs) and metals in Arctic 
biota has been discussed in recent assessment reports (de 
March et al. , l 998; M uir et al. , 1997). The OCs include 

PCB co nge ners, DDT and metaboli tes, chlordane 
compounds, H C H iso mers, chloro benzens, toxaphene, 
and a num ber of miscellaneo us compoun ds (e.g., mirex, 
en dos ul fa n, etc.) . Me tals incl ude H g (organic and 
ino rga ni c), Ag, As, Ba, Cd, Co, C r, C u, Ga, La, Li, Mn, 
Mo, N i, Pb, Rb , Sb, Se, Sr, TI , U, V, and Zn . 

More than 20 elements were detected in the polar bear 
livers; fo r b revity o nly the elements As, Cd, Pb, Se and 
Hg will be discussed (T able 1) . These elements were cho

sen based o n conce rn about their tox icity and because 
they were listed as elements of concern by AMAP (AMAP, 
1998) . Concentratio ns of As, Cd, Pb, Se and Hg in the 

polar bear livers collected in 2001 -2002 are sim ilar to 
those reported in 1982 and l 984 (Norstro m et al. , 1986; 
Braune et al., 1991). It is currently not possible to statis
tically evaluate the temporal trends of metals in polar 
bears because the age data is not yet avail able for the 
200 l-2002 samples. Concentrations of Cd and Pb were 

lower but As, Se and Hg were higher in the polar bears 
from the Southern Beaufort region. Th is trend was also 
observed for Cd, Se and Hg in polar bears in 1982 and 
l 984 (Braune et al., 1991). Levels of mercury in beluga 
livers were also higher in animals from the Beaufort Sea 
region (Fisk et al., 2003). More derailed analysis of these 
data requires age data, which is currently not available. 

POPs 
Fat samples were extracted and analyzed for traditional 
OCs and MeSO

2
-PCBs and-DDEs using CAEAL accred

ited and published methods by gas chromatography with 
electron capture detection (GC/ECD). The levels and 
congener patterns of PCBs and OC pesticides were 
determined based on methods originally described by 
Norstrom and Won (1985) with modifications (Muir et 
al., 1998, 2000; Norstrom et al., 1988, 1998; Norstrom 
and Muir, 1994), especially for MeSO

2
-PCB and -DOE 

determination (Letcher et al., 1995a, 19956, l 998, 2000a, 
20006; Sandala et al., 2003). MeSO

2
-PCB and -DOE 

standards were supplied by Dr. A. Bergman (Department 
of Environmental Chemistry, Stockholm University, 

Sweden). PCBs (40 congeners including co-elutions) and 
major OCs were determined i.e., 1-DDTs (p,pcDDT, 
p,pcDDE, p,pcDDD), 1-HCHs (o:-HCH, 13-HCH, 

-y-HCH), 1-CHLs (oxychlordane, trans-chlordane, 
cis-chlordane, trans-nonachlor, cis-nonachlor, heptachlor 
epoxide), 1-CBzs (1,2,4,5-TeCBz, PnCBz, HxCBz) 
and 1-MeSO

2
-PCBs (20 congeners). Tribromobenzene 

(PCB/OC) and 3-MeSO2-2-Me-2',3',4',5,5'-Cl
5
biphenyl 

(sulfones) were used as internals standards. Duplicate and 

blank analyses were analyzed with each block of 5 samples. 
Blank analysis indicated no background contribution, and 
duplicate polar bear fat analysis demonstrated 5% or less 
variation of contaminant levels. PCB, OC and aryl 

Table 1: Concentrations (mean ± 1 SE, ~g/g, wet weight) of five metals in the livers of polar bears collected in the 
Canadian Arctic in 2001 - 2002 (Figure 1) 

Region N As 

Beaufort Sea 11 0.46 ± 0.07 

Southeastern Hudson Bay 11 0. 17 ± 0.02 

Southeastern Baffin Bay 13 0.22 ± 0.03 

North ern Ballin Bay 12 0.37 ± 0.02 

La ncaster Sound 13 0.32 ± 0.03 

R. Letcher, D. Muir, A. Fi sk and R. Norstrom 

Cd Pb 

0.35 ± 0.06 0.06 ± 0.01 

1.06 ± 0.15 0.12 ± 0.02 

0.62 ± 0.11 0.69 ± 0.41 

1.02 ± 0.08 0.26 ± 0.05 

0.87 + 0.15 0.23 ± 0.06 

Se 

21.8 ± 6.0 

3.31 ± 0.61 

9.16 ± 2.35 

11.6 ± 0.63 

14.4 ± 2.20 

Hg 

62.5 ± 16.0 

7.34 ± 1.58 

28.4 ± 8.47 

32.5 ± 2.7 1 

45.2 ± 7.78 
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sulfone contam inant recoveries were co nsistently > 90%. 
The partic ipating GLIER and NWRI laborarori es are 
CAEAL accredited for PCB and OC analysis, and are 
participating in the NCP QNQC program. For brevity, 
only the L-PCBs, L-CHLs, L-HCHs, L-CBzs, L-DDTs 
and L-MeSO,-PCBs are listed in Table 2 for the present 
NCP report. Other POPs determined were 3-MeSO

2
-

4,4'-DDE, dieldrin, octachlorostyrene and mirex. All sum 
PCB, OC and metabolite levels, as well as congener-specific 
data will be included in peer-reviewed scientific papers that 
are anticipated for the data generated by this study. 

In addition ro these POPs, there are a number of con
taminant classes that are of emerging environmental rel
evance. The occurrence of persistent MeSO

2
-PCB 

metabolites in wildlife tissues is of growing inte rest. 
MeSO

2
-PCB levels and congener pattern have been 

reported in ringed seal, polar bear and beluga whale from 
the Canadian Arctic (Letcher et al., 1995a, I 9956, 2000a, 
20006). MeSO,-PCB and -DOE metabo lites have also 
been shown tO be bioaccumulative contam inants in the 
cod-ringed seal-polar bear food chain (Letcher et al., 
I 998; Wiberg et al., I 998). Specifically in polar bear liver, 
MeSO,-PCB and -DOE metabolites were found tO be the 
third most significant class of OC contaminants, exceeded 
only by PCBs and chlordanes (Letcher et al. , 1996) . 
Exposure of arctic wildlife and native peop les to 
MeSO

2
-PCB and -DOE metabolites, as well as other OC 

metabolites such as oxychlordane, constitutes a potential 
health risk. PCB metabo lites have demonstrated 
endocrine-related and other toxicities in vivo, but mostly 
in vitro (e.g., esrrogen, thyroid and glucocorticoid 
hormone-dependent processes) (Letcher et al., 2000a) . 
Chronic and reproductive roxicity was observed in mi nk 
exposed in vivo to 16 environmentally relevant MeSO,
PCBs. 3-MeSO,-CBI32, -CB14 1 and -CBI49, and 
4-MeSO,-CB 149 reduced thyroid hormone levels 
(T4 and T3) in blood and increased thyroid weight and 
hepatic CYP protein levels in rats. In vitro endocrine
related effects of persistent MeSO,-PCBs include: 

i) increased binding affin ity of congeners with 3 chlorines 
in orth1>-positions and an MeSO

2
-group in either the 4- or 

4' -pos ition to glucocorticoid recepto r (G R) from mouse 
and human li ve r cytoso l; ii) cyto tox icity of 3- and 
4-MeSO,-CB52, -CB70, -CB87 and -CB IOI in human 
placental JEG-3 and JAR choriocarcinoma cel ls (Letcher 
et al. , 1999); iii) competi tive inhi bition of CYP 11 BI in 
the mouse YI adrenocorti cal cell li ne by 4-MeSO

2
-CB64 

and -CB I 10 (s imilar ro 3-MeSO,-4,4'- DD E); and 
iv) inhibi tion of CYP 1113 enzyme activity in vitro in grey 
sea l ad rena ls. MeSO,-PCBs were recently shown to be 
anti-estrogenic in several in vitro cell assays (Letcher et 
al., 2002) . 

Fo r western Hudso n Bay bea rs sampled in 2001 -2002 
(Table 2), resul ts we re consistent with the apparent non
dec reas ing trend of L-CHLs and L-D DTs, and th e 
apparent decl ining trend fo r L-PCBs obse rved fro m 
I 991-1999 (Norstrom, 200 1; Muir and Norstrom, 1999) . 
Although variable between POP class and population, the 
2001-2002 spatial distribution patterns of the arithmetic 
mea n concentrations of L-CH Ls, L-PCBs and L-D DTs 
were comparatively unchanged relat ive tO distribution 
patterns reported for these populat ions in 1989-199 1 
(Norstrom et al., 1998). T here was a general decrease in 
geometric mean concentrations of L-CHL and L-PCB, 
but especia lly for p,p'-DDE (i.e., Foxe Bas in/Gu lf of 
Boorhia, Northern Baffi n Island and Easte rn Baffi n 
Island) fo r the six bea r populations from 1989-199 1 
(No rstrom et al., 1998) to 200 1-2002. 

L-MeSO
2
-PCBs decreased by about 50-60% relative to 

1989-199 1 levels for comparab le populations (Table I) 
(Letcher et al. , 19956). However, the L-MeSO,-PCB to 
L-PCB concentration rat ios were virtually unchanged over 
approx. 10 yea rs sugges ting that L-MeSO,-PC B and 
L-PCB concentra tions are temporally co-va riab le in polar 
bears. Compa risons of mea n 3-MeSO

2
-p,p'..DDE 

concentrations and 3-MeSO
2
-p,p'.DDE to p,p'.DDE rat ios 

for 2001-2002 (not shown) with spatial assess ments for 

Table 2: Concentrations (arithmetic means (%RSD, ng/g, lipid wt.) of the sum (L) PCBs, several DCs and L-MeS0 -PCBs) 
in adipose tissue of adult female polar bears from six Canadian Arctic populations collected in 2001 - 2002 

2 

(see Figure 1) 
Population n 1 -PCB 1-MeSO -PCB 1 -CHL ~ -ODT 1-CBz 1 -HCH 

Beaufort Sea 12 2678 ± 50 154 ± 53 2225 ± 34 138 ± 68 213 ± 27 386 ± 43 

Western Hu dson Bay 15 2681 ± 30 126 ± 49 1768 ± 31 219 ± 41 174 ± 33 268 ± 24 

Southeastern Baffin Bay 17 2991 ± 38 157 ± 50 2203 ± 47 139 ± 44 197 ± 41 312 ± 38 

Northern Baffin Bay 9 2799 ± 43 168 ± 29 2554 ± 40 11 3 ± 37 346 ± 52 289 ± 18 

Foxe Basin/Gulf of Boothia 1360 ± 59 90 ± 30 2391 ± 47 136 ± 109 331 ± 63 533 ± 60 

Lancaster/Jones Sound 6 1966 ± 33 128 ± 28 1902 ± 34 79 ± 44 276 ± 69 337 + 48 
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bear populations sampled in 1989-199 1 were similar as 
fo r 1-MeSO

2
-PCBs (Table I) (Letcher et al., 19956). 

Overall the present 200 1-2002 results for the concentra
tions of major POPs (Table 2) appear to be consistent with 
spatial and temporal trends over rhe 1990s. At present, 
interpretations of the present data should be made with 
caution since accurate aging of the female bears remains to 
be determi ned. OC, PCB and MeSO

2
-PCB/-DDE data 

for the present Canad ian bears will be compared with 
recent data for these contaminants in the adipose tissue of 
polar bear collected from East Greenland in 1999 and 2000 
(Dietz et al. , 2003; Sandala er al., 2003). 

At NWRJ , BDEs were analysed in Florisil eluates pro
vided by GLIER using GC-MSD in the electron capture 
negative ion (ECNI) mode. Methodology for the work 
has been described by Luross et al. (2002). 

To out knowledge, this is the first report of BDEs in the 
tissues of polar bear from any population (Law et al., 2003). 
In the blubber of Canadian Arctic ringed seal (Phoca hispida) 
collected from subsistence hunts in 1981, 1991, 1996, and 
2000, sum BOE concentrations were recently shown to be 

increasing exponentially over this period in male ringed seals 
aged 0-15 years (Ikonomou et al., 2002). Penta- and hexa
BDEs were shown to be increasing at approximately the same 

rate (t2 = 4.7 and 4.3 years, respectively) and more rapidly 
than tetra-BDEs (t2 = 8.6 years) in this age/sex grouping. 
Levels found in ringed seal blubber were in the low ng/g 
(l ipid weight) range. Based on these findings, we had 

predicted the BDE-47, -99 and -153/154 would likely 
dominate the BOE congener profile in Canadian polar bears. 
Our present find ing for BDEs in polar bear fat (Table 3) 
demonstrates that 1-BDE concentrations are higher than 
found recen tly in the blubber of ringed seal from the same 
regions (Ikonomou et al., 2002). Furthermore, the BDE-47 
accounts for 50% or more of the 1-BDE levels regardless of 
popu lation. BDE-153 is the next most abundant congener 
followed by BDE-99. lkonomou et al. (2002) found an even 
higher dom inance of BDE-47 in Canadian ringed seal 
blubber. Th is may indicate that higher brominared BOE 

congeners are bioaccumulating in polar bear relative to 
ringed seal, and/or lower brominated BOE congeners are 
more rapidly merabolized in polar bear relative to ringed seal 
(Hakk and Letcher, 2003). 

PerAuorinared acids (PFAs) in polar bear liver were analyzed 
using the method of Hansen er al. (2001). This method 
involves extraction with methyl ten-bury] ether in the 
presence of ion-pairing reagent tetraburylammonium 
hydrogensulfate (TBAS) . Liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) was used for quantifica
tion of the PFAs. At the NWRJ, experience exists with this 
method for the analysis of PFAs in fish (Moody er al., 
2001a) and bioaccumulation studies with fish (Martin et 
al., 2003). 

PerAuorooctane sulfonate (PFOS) was the predominant 
PFA in polar bear liver, detectable in all samples at con
centrations ranging from 0.19 to 4.95 ug/g (Table 4). 
Other PFAs ranging from perAuorooctanoic acid (PFOA) 
to perAuoropentadecanoic acid were also detected at 
concentrations that were 5 to I Ox lower than PFOS 
(Smithwick et al., 2003; Manin et al., 2003). PFOS 
concentrations were highest in samples from southwestern 
Hudson Bay (mean 2.12 ug/g ww) and lowest in samples 
from the southern Beaufort Sea (Table 4). 

Concentrations of PFOS in the liver samples were generally 
higher than reported by Kannan et al. (200 I) for samples 
from northern Alaska. There is a lot of concern about rhe 
presence of these compounds in rhe global environment 
because PFAs have no known route of degradation (Renner, 
2001). PFAs are classed as non-mutagenic carcinogens and 
may cause other effects in wildlife such as liver enlargement 
and reduction of male sex hormones. Manufacturing of 
PFOS related compounds by 3M Co., the major producer, 
was recently phased out but production of related perAuoro
sulfonates continues. Many perAuorinared compounds are 
widely used to treat carpets and clothing and they may 
degrade to PFAs and thus the environmental burden of PFAs 
may increase over the next decade because of degrading 
commercial products and lack of environmental degradation. 

Table 3: Concentrations {arithmetic mean± %RSD, ng/g, lipid weight) of BOE congeners and the sum (1) of BDEs in the 
adipose tissue of adult female polar bears from six Canadian Arctic populations collected in 2001-2D02 {see Figure 1) 
Population BDE-47 BDE-100 BDE-99 BDE-154 BDE-153 1-BDE 

Beaufort Sea 12 7.7 ± 51 0.7 ± 55 2.9 ± 96 0.1 ± 0 1.3 ± 57 12.8 ± 60 

Western Hudson Bay 15 15.3 ± 24 1.5 ± 30 5.2 ± 24 14 ± 378 11.4 ± 49 34.8 ± 36 

Sou theastern Baffin Bay 17 16.5 ± 6 1.1 ± 29 3.5 ± 23 0.1 ± 0 11.6 ± 151 32.8 ± 52 

Northern Baffin Bay 7.5 ± 32 0.7 ± 56 2.1 ± 15 0.1 ± 0 2.2 ± 91 12.6 ± 34 

Foxe Basin/Gulf of Boothia 6.8 ± 44 0.7 ± 52 3.1 ± 46 0.1 ± 0 1.6 ± 69 11.8 ± 41 

Lancaster/Jones Sound 6 6.6 + 25 0.6 + 20 3.1 ± 18 0.4 ± 200 1.5 ± 84 12.2 ± 22 
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Table 4: Arithmetic mean concentrations (µ,gig, wet weight) and range of concentrations of PF0S in the livers of adult 
female polar bears from four Canadian Arctic populations collected in 2001-2002 (see Figure 1l 

Population Mean 

Beaufort Sea 1.04 

Southeastern Baffin Bay 10 1.16 

Lancaster/Jones Sound 9 1.19 

Sanikiluaq 2.12 

The implications for wildlife and people in the Canadian 
Arctic are unknown but should be investigated. 

At the beginning of March 2003, a NCP Workshop was held 
in Ortawa. Partial POP and metabolite data was presented 
at this conference (Letcher et al., 2003). Results on the 

perfluorinated organics were also recently presented ar the 
SET AC-Europe conference (Smithwick et al., 2003). 

A number of papers in peer-reviewed scientific journals are 
expected from the results of this study. With completion 
of the stable isotope analysis for trophic level assessments, 
and aging of the bears, the writing of manuscripts will 

begin in earnest. 
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Abstract 
Recently it was discovered that humans and animals from 

various urbanized and remote global locations contained 
a novel class of persistent Auorinated contaminants, the 
most pervasive of which was perAuorooctane sulfonate 
(PFOS). To provide a preliminary assessment of fluori
nated contam inants in Canada, polar bears, ringed seals, 

arcric fox, mink, loons, fulmars, guillemots, and fish were 
collected at various locations in the circumpolar region 
for analysis of liver concentrations. PFOS was generally 
the dominant co ntaminant detected, and concentrations 

in polar bear liver were higher than any persistent organo
ch lorine chemicals previously reported in polar bear fat 
such as PCB, ch lordane, or hexachlorocyclohexanes, 
indicating the importance of this class of chemicals. Lower 
co ncentrations of perAuorooctanoic acid (PFOA) and 
heptadecaAuoroocrane sulfonamide (FOSA) were also 

detected. It was also discovered chat all animals contained 
significant co ncentrations of long-chain perAuoroalkyl 

J. Martin, S. Ma bury and D. Muir 

carboxylates (PFACs) ranging in length from 9 to 

15 carbons. Confirmation of these analytes in biota was 
provided by two independent mass spectral methods. In 
general, odd-length PFACs exceeded the concentration 
of even-length PFACs. In mink, PFAC9 concentrations 
exceeded PFOS concentrations, indicating chat PFACs 
should not be neglected in future monitoring efforts. By 
comparison of equivalent species between northern 
Canada and industrialized regions of the United States 
and Canada, it is evident that contamination by PFOS, 
and presumably PFACs, is much lower for animals living 
in the Canadian Arctic than near urban centers. 

Key Project Messages 
1. A novel series of perAuoroalkyl carboxylate contaminanrs, 

ranging from 9 to 15 carbons, were confirmed and quan
tified in animals collected from the Canadian Arctic. 
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2. Polar bear liver was the most contaminated tissue 
analyzed and concentrations of PFOS are higher than 
other contaminants previously reported in polar bear fat 
such as PCBs, chlordane, or hexachlorocyclohexane. 

3. Fish and mink living in the United States (mid-latitude) 
are more contaminated than fish and mink living in the 
Canadian Arctic/subarctic, indicating that abiotic 
concentrations are lower in the remote Canadian 

environment than surrounding industrialized regions 

to the south. 

Objective 
Determine levels of PFOS and PFACs in livers of selected 
biota including mink, seabirds, and seals, for comparison 
with the same or similar species in the Great Lakes and other 
regions that have been reported by other investigators. 

Introduction 
The widespread contamination of wildlife (Geisy and 
Kannan, 2001; Kannan et al., 2001a, 20016, 2002a, 
20026, 2002c, 2002d) and the general human population 
(Hansen et al. , 2001; Taves, 1968) with perfluorinated 
acids and heptadecafluorooctane sulfonamide (FOSA) has 
been described in many recent publications. Perfluorooc
tane sulfonate (PFOS) is the dominant PFA in all biotic 

samples analyzed to date, while perfluorooctanoate 
(PFOA), perfluorohexane sulfonate (PFHxS), and FOSA 

are detected only occasionally in wildlife. In human 
serum, PFOA and PFHxS are generally present at much 
higher levels than in wildlife, indicating that exposure 
may be attributable ro contact with commercial products 
containing these surfactants or their derivatives. 

These observations in wildlife and humans quickly led to 
a voluntary manufacturing phase-out by the main producer 
of perfluorinated acids, and garnered the attention of 
national and international environmental protection 

agencies. Perfluorinated acids are a concern because they 
have no known route of degradation in the environment 
and are bioaccumularive when the perfluorinated chain 

reaches a length of between 6 and 7 carbons (Martin et al., 
2003a, 20036). The health effects associated with long
term exposure to perfluorinated acids for humans and 
wildlife is the subject of a present risk assessments US EPA 
(2003) , though some perfluorinated acids are potent 
peroxisome proliferators (Berthiaume and Wallace, 2002), 
inhibitors of gap-junction intercellular communication in 
in vitro tests (Upham et al., 1998), and tumour promoters 
in animal srudies (Biegel et al., 2001). 
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Perfluorinated acids ranging in chain-length from 2 to 
13 carbons (some evidence for longer ones) have been 
confirmed as thermolysis products of polyretrafluoroethylene, 
yet the environmental impact of this observation has yet to 
be establ ished. Furthermore, long-chain perfluoroalkyl 
carboxylates (PFACs), such as perfluorononanoic acid 
(PFAC9) and perfluorodecanoic acid (PFAC I0) have been 
used in industry (Fluoropolymer Manufacrurers Group, 
2003), yet there are few reports of their environmental 
distribution. The only report of long-chain PFACs in biota 

are in fish collected following a spill of aqueous film forming 
foam (AFFF) into the Etobicoke Creek (Moody et al., 2002), 

however, given that long-chain PFACs are not listed as active 
ingredients in AFFF it seems prudent to examine for their 
presence in other environments. The unknown environmen

tal distribution of long-chain PFACs represents a serious 
knowledge given their persistence, bioaccumulation poten
tial, and potential to cause adverse toxicological effects. 

In this study we look for the presence of fluorinated 
organics in the tissue of biological specimens collected 
from the Canadian circumpolar region. Liquid chroma

tography coupled with tandem and high-resolution mass 
spectrometry revealed that PFOS, FOSA, PFHxS, and 
PFOA are not the only fluorinated organic contaminants 
of biological significance. Using standardized criteria for 
identification we have confirmed and quantified several 
long-chain perfluoroalkyl carboxylates (PFACs) in animals 
from remote areas. The implications for wildlife and 
people in the Canadian Arctic are unknown, but are 
linked, given that many of these animals still serve as 

traditional foods for people in the Canadian north. 

Methods 

Sample Collection 
All biota samples were collected by local subsistence hunters 
and trappers. Ringed seals from Holman were collected in 
200 1 with the assistance of Lois Harwood (DFO lnuvik), 

while seals from Qausuittuq/Grise Fjord were collected in 
spring of 1998 as part of the Northwater Study (F isk et al., 
2002). Loons were collected around Kuujjuarapik in 1992, 
while fulmars and guillemots were co llected from Prince 
Leopold Island in 1993. Arctic fox were collected from 
trappers in Arviat in March 2001 (Hoekstra er al., 2003). 

Fish samples were collected from the mouth of the Great 
Whale River at Kuujjuarapik and in Lake Minto in July 2002 
with the assistance of rhe local Cree Trappers Association . 
Samples of mink from the Yukon were collected by trappers 
in winter 2001/2002 from the southwestern part of the 

Territory east ofWatson Lake, in the area of Blind Lake and 
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C row River. Polar bears were collected February 2002 in 
eastern Hudson Bay near Sanikiluaq by Inui t hunters who 

supplied samples co Jackie Bourgeois and M itch Taylor of 
the Department of Sustainable Development, Govern ment 
of N unavut Wildlife Service. 

Analysis of perfluorinated acids 
Analyti ca l standards of potass ium PFH xS (99.9%), and 
potass ium PFOS (86.4%) we re ob tained from 3M 
Company (Sc. Paul, MN) . PerRuorohepcanoic acid (99%), 
PFOA (98%), perRuorononanoic acid (PFAC9, 97%), 
perAuorodecanoic acid (PFAC I0, 98%), perAuoroundeca
no ic ac id (PFAC l l , 95%), perAuorododecanoic acid 
(P FAC 12, 95%), and perfl uorocecradecanoic acid 
(PFAC I4, 97%), we re purchased from Sigma-Aldrich 
(Oa kvill e, 0 ), and perAuoro hexanoic acid (PFHxA, 
95%) was obtained from Oakwood Research Chemicals 

(West Colu mbia, SC). 

Sample extraction 

A small amount of ti ssue (0.5 g) was removed from che 
who le liver, or parti al liver, fo r analys is. To minimize 
po tential co nra minario n, whenever poss ible, the liver was 

cue open and an internal sample was removed for analysis. 
Live r t iss ue was th en homogenized in 15 mL plastic 
(po lypro pylene copo lymer) centrifuge cubes containing 
3 mL of Na

2
CO

3 
(0.25 M), 1 mL of water, I mL of the 

ion- pairing agent T BAS (0.5 M adj usted to pH 10), and 
100 µL (25 ng) of the internal standard, PFHpA. The 
resul ting homogenates were extracted with 5 mL of MTBE 
by shaking vigo rously for 10 min , followed by centrifuga
tion to iso late the orga nic phase. T he MTBE supernatant 
was collected in a separate plastic cube, and this extraction 

process was repeated once mo re, combini ng the superna
cants. T he MTBE was blown to dryness under high-purity 
nitrogen gas, and the analyres were taken up in I co 2 mL 
of 50:50 water/ methanol by vorcex ing for 30 s. The solu
tio n was th en fi ltered through 0.2 µ m nylon filters into 

po lypropylene via ls for analys is. 

LC/MS/MS 

Routine quantitative instru mental analysis was performed 
by LC/MS/MS using previously described conditions. 
Water and methanol solvents (0 .0 I M ammonium acetate) 
were del ivered at a tota l Aow rate of 250 µL-min I by a 
Wa ters GOOS co n tro ll er, and samples were injected 
(10 µL) with a Wa ters 7 17 plus autosampler. Chroma
tography was performed o n a Genesis CS column (2. I X 
50 mm, Jones C hromatography, Lakewood, CO, USA). 
Initi a l mobile phase co nd itio ns were 80: I 0 water/ 
methanol, fo llowed immedi ately by an 8 min ramp to 
0: I 00 , a 2 mi n hold , and reverting to initial cond itions 
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at 10 min. The detector was a Micromass Ulrima (Micro
mass, Manchester, UK) equipped with an eleccrospray 
interface operating in negative ion mode. Data was 
acquired by tandem mass spectrometry using a multiple 
reaction monitoring (MRM) method chat monitored one 
co three transitions (parent -+ daughter ion) for each 
compound. 

PFHpA was spiked into each homogenate as an internal 
standard before extraction and recovery was between 
75 and 100% for all animals. PFHpA could not be detected 
in unspiked tissues. Quantification was performed based 
on the relative response of each analyce to PFHpA using 
a standard curve constructed from known quantities of 
standards extracted from water in rhe same manner as 
tissue samples . Standard injections were made every six 
to nine samples co monitor sensitivity drift, and the 
coefficient of determination for standard curves always 
exceeded 0.98 between 2 .5 and 1000 pg of analyre 
injected. This range was appropriate for quantification of 
all analyre concentrations in all animals except for PFOS 
in polar bears. Detectable responses chat resulted in 
concentrations below our lowest standard were reported 
as < 0.5 ng•g- 1, while any response having a signal to 
noise ratio less than 3 was reported as non-detectable 
(n.d.). For analysis of PFOS in polar bears it was necessary 
to add a higher standard (equivalent of 10 ng injected). 
Unforcunarely, this resulted in non-linearity at high 
concentrations, thus any PFOS concentration exceeding 
che highest standard by 2-fold was reported as 

> 4000 ng-g 1
• 

An instrumental blank response was always present for 
PFOA which made quantification difficulc or impossible in 
most animals due to our resulcing method detection limit of 
2 ng-g- 1• The background response could be minimized and 
stabilized, bur nor eliminated, by reducing the column 
equilibration rime between sample injections. The precise 
source of the conraminacion is unknown, bur was localized 
to the liquid chromatograph, and is presumably a result of 
PFACs leaching out from internal fluorinated polymers. 
For example, PFAC sales are repotredly utilized as Auoropoly
mer polymerization aids (Fluoropolymer Manufacturers 

Group, 2003). 

Results and Discussion 

Confirmation of PFACs in biota 
Confirmation of PFAC detection in polar bears was 
initially performed using liquid chromatography coupled 
to a triple quadrupole mass spectrometer by comparing 
the relative response of two secondary mass transitions 
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(i.e. parent --+ daughrer) to the primary transition used 
for quantification. For all analyres, the relative response 
of all secondary mass transitions were close to those 
produced by injection of an authentic standard, and the 
error was within the tolerable limits defined by the 
European Communities (Table I) (Commission of the 
European Communities, 2002). PFACl3 and PFACl5 

Figure 1. Map of Canada indicating the location of samples 
collected for fluorochemical analysis 

could nor be confirmed by thi s method d ue to a lack of 
authentic standards, however, secondary mass trans itions 

analogous to other PFACs were detected for PFACl3, and 
retention rimes were appropr iate relat ive to PFAC l 4 
(Figure 2). Confirmation of PFACs was further achieved 

by accurate mass measurements using liqu id ch romatog
raphy coupled to a quadrupole-time-of- Aight (QTOF) 

mass spectrometer. For most PFACs, the resultant accu rate 
mass meas urements were withi n 5 ppm of the calcu lated 
mass (Table I ). For PFAC 13 and PF H xS, instru ment 

respo nse was near ro detection limits, thus resu lting in 

poor ion statistics and a relatively large error (i.e. 20 and 
11 ppm, respectively). PFACl4 and PFACl5 cou ld not 
be detected above background on the QTOF instrument. 
Overall, the weight of evidence suggests that long-chain 
PFACs, ranging from PFOA to PFACl5, are present in 
the Canadian circumpolar environment. 

Concentrations in biota 
Polar bear livers had the h ighest concentration of each 
perAuorinated acid among al l animals analyzed in this 
study. PFOS concentrations always exceeded I ug•g- 1 

(mean= 3. 1 ug•g- 1
) in the liver. T here are very few reports 

of organochlorine concentrations in polar bear liver with 

Table 1. Confirmation criteria achieved by accurate mass determination and by monitoring of secondary mass 
transitions for all fluorinated contaminants. 

Accurate Mass Determination Ratio of Secondary to Primary MS/MS Transitions 

QTOF Mass Polar Bear Authentic 
Analyte Calculated Mass (ppm Error) Secondary Transitions Ratio (n = 5) Standard Ratio % Error % Allowed' 

PFAC9 462.9631 462.9650 (419. 219) 0.130 0.133 5.1% 30% 

(419 .169) 0.047 0.050 6.2% 50% 

PFAClO 512.9599 512.9606 (469 269) 0.169 0.169 0.28% 30% 

(469 219) 0.185 0.188 1.6% 30% 

PFACll 562.9567 562.9567 (519 .. 269) 0.210 0.214 18% 25% 

(519 219) 0.159 0.164 3.3% 30% 

PFAC12 612.9536 612.9564 (569 .319) 0.199 0.186 6.6% 30% 

(569 269) 0.188 0.175 6.7% 30% 

PFAC13 662.9505 662.9640 (663..319) Present 
Not Available 

(663..269) Present 

PFAC14 712.9472 < LOD (669 .. 219) 0.035 0.029 16% 50% 

(669 .169) 0.014 0.014 1.5% 50% 

PFAC15 762.9440 Not Detected (763 .. 169) 
Not Detected Not Available 

(763 .3 19) 

PFOS 498.9303 498.9278 Not Determined 

PFHxS 398.9365 398.9408 Not Determined 

PFOSA 497.9461 497.9477 (498 .169) 0.028 0.035 26% 50% 
1 Tolerance according to Commission of the European Communities (2002) based on primary abundance relative to primary transition 
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Figure 2. LC MS/MS chromatogram of a polar bear liver extract showing a novel homologous series of 
perfluoroalkyl carboxylates 

,oo 
Perfluoropentadecanoic Acid (PFAC15) CF,(CF,),,CO, l .,, 763 > 719 

,oo 
Perfluorotetradecanoic Acid (PFAC14) cFl(CF1) 11co1 .,, 713 > 669 

HIO 
Perfluorotridecanoic Acid (PFAC13) CFl( CFl)ll COI 

• % 
663 > 619 

Perfluorododecanoic Acid (PFAC1 2) CF,(CF,),.CO, 613 > 659 

Perfluoroundecanoic Acid (PFACl 1) CF,(CF,),CO, 563 > 519 

Perfluorodecanoic Acid (PFACl 0) CF,(CF,),CO, 513 > 469 

Perfluorononanoic Acid (PFAC9) CF,(CF,),CO, 463 > 419 

,. ,., 1000 ,,.,. 

Retention Time .. 
which to compare directly, however, PFOS liver concentra
tions exceed individual PCB, chlordane, and HCH-relaced 
chemical concentrations in blubber (Muir and Norstrom, 
2001). These PFOS concentrations are also three-fold 

higher chan chose reported by G iesy and Kannan (2001) 
fo r polar bear liver collected in Alaska (mean= 350 ng•g- 1

) , 

albeit San ikiluaq is at a considerably lower latitude, perhaps 
closer to sources. Polar bears were the only animals to have 
quantifiable concentrations of PFOA, ranging from 2.9 to 
8.6 ng-g-1. However, PFOA was not che only PFAC 
detected in polar bea rs, in face, the entire homologous series 

of longer PFACs, ranging in length from 9 to 15 carbons 
were detected in th ese animals (F igure 2). The mean con

ce ntration of individual PFACs in polar bear liver ranged 
from < 0.5 ng• g 1 to 180 ng•g 1

, and generally decreased 
with increasing perAuorinaced chain-length. The concentra
tion of these novel PFACs are all at least an order of 
magnitude lower than PFOS in polar bears, but PFAC9, 
PFAC I0 , and PFAC l I concentrations exceed PFOA and 

FOSA co nce ntrations (Ap pendix I). 

T he dominant PFAC detected in all mammals was PFAC9, 
and concenrrations generally decreased for all other PFAC 
homologues as th e per fluoroalkyl cha in-l ength was 
increased. It has been shown that the bioaccumulation 
potential of PFACs increases with increasing perAuoroalkyl 
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chain-length, suggesting chat che abiocic environmental 
burden of PFACs is likely skewed towards PFAC9. PFOA 
was detectable in polar bear liver samples but not in any 
ocher organism, owing partially to the high limit of 
detection. Overall , it can be generalized chat PFOA is a 
minor contributor to the overall burden of PFACs. For 
example, in polar bear liver PFOA concentrations were 
more than an order of magnitude lower than PFAC9. 

Although PFAC concentrations generally decreased with 
increasing chain-length for mammals, a consistent trend 
was observed in all animals whereby odd chain-length 
PFAC concentrations exceeded the shorter, even chain
length PFAC concentration. For example, PFACl 1 was 

usually higher than PFAC!0, and PFAC13 was usually 
higher than PFACl 2 concentrations. This contamination 
profile is shown most clearly for polar beats and ringed 
seals (Figure 3). The contamination profile foe birds and 
fish was different from chat observed in mammals. The 
most dominant PFAC in birds and fish was PFACl 1, with 
lower concentrations of longer and shorter homologues 
alike. However, the same relative odd/even pattern chat 
was shown in mammals (i .e. PFACI I > PFACIO, and 
PFAC13 > PFACl2) was also apparent in all birds and 
fish , bur was most evident in loons wherein concentra
tions were quantifiable for most PFACs (Appendix I). 
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Figure 3. Contamination profile of fluorinated contaminants in polar bear and ringed seal 

Polar bear (Ursus maritimus) n = 7 

:C l000 
bi) 
·;;; 
3: 100 
~ 

The reason for the difference in contamination profiles 
of mammals and fish is unknown. 

Although there is great spatial variation in the samples 
analyzed, it can be generalized from the data that mammals 
feeding at higher trophic levels (i.e. polar bear) had higher 
concentrations of PFOS and PFACs than mammals feeding 
at lower trophic levels. The same general conclusions have 
been made by Giesy and Kannan (2001) for PFOS 
concentrations in a survey of wildlife around the globe. 

There was very licde variation in either ringed seal or polar 
bear liver concentrations within each population analyzed. 
For the most part, the difference between the maximum 
and minimum concentration was less than a factor of three. 
The same was not true for either arctic fox or mink liver. 

In these animals there was generally more than an order of 
magnitude separating the minimum from the maximum 
concentration (Appendix 1). This variation is presumably 
a function of feeding habits for these species. For example, 
arctic fox are opportunistic feeders that may be inAuenced 
by terrestrial and/or marine food webs, depending on food 
availabiliry, and this can inAuence chlorinated contaminant 

concentrations (Hoesktra et al., 2003). 

The only neutral Auorinated contaminant that was ana

lyzed for was FOSA. Heptadeca-Auorooctane sulfonamide 
was detected in all animals except fulmar and guillemots, 
and ranged in concentration from < 0.5 to 110 ng•g- 1

• 

Surprisingly, arctic fox liver had a higher mean FOSA 
concentration than polar bears, despite having 5-fold 

lower concentrations of all perAuorinated acids. T his may 
be a function of diet but could also indicate that polar 
bears have a greater metabol ic capacity for degrading 
FOSA. FOSA concentrations were lower than PFOS in 
all mammals and birds, but not in fish. With the excep
tion of brook trout and lake trout, all fish had higher 

306 

:c 
bi) 
·;;; 
3: 
.; 
3: 
:.; 
~ 
bi) 

~ 

100 

10 

01 

Ringed seal (Phoca hispida) 
Holman (n = 9) 

concentrations of FOSA than PFOS, indicating that 
FOSA is an important route of exposure to PFOS equiv
alents for animals consum ing fish. There is some evidence 
chat trout had a higher capacity to metabolize FOSA to 

PFOS than other fish because brook trout and lake trout 
had the lowest FOSA concentrat ions and the highest 
PFOS concentra tions of all fish. 

Although polar bears appear to be the most contaminated 
organ isms with respect to fluorinated contaminants, rhis 

is presumably a function of their diet and high feeding 
rate, rather than simple geograp hy. When the concentra
tion of PFOS is compared for the same species between 
the arctic and mid latitude environments, it is evident 

that animals living in mid-latitudes are much more heav

ily contaminated. For example, Giesy and Kannan (2001) 
reported a mean liver PFOS concentration of2630 ng•g- 1 

for mink in che Midwest U nited States, compared to the 
mean value of 8.7 ng•g- 1 reported here for the same species 

in the Yukon. Lake whicefish from Michigan waters had 
mean PFOS concentrations of 67 ng•g- 1

, compared to 
12 ng•g- 1 reported here for the same species in the Great 
Whale River, Kuujjuarapik. Common loon from North 

Carolina averaged 290 ng•g- 1 in liver (Geisy and Kannan, 
200 I), compared to the same species in Kuujjuarapik 
having mean concentrations of 20 ng•g- 1 PFOS. Ringed 
seals from the Baltic Sea had liver PFOS concentrations 
exceeding 400 ng•g- 1 (Ka nnan et al., 20026), compared 

to 16 and 19 ng•g- 1 for ringed seal from Holman, and 
Grise Fjord, respectively. 

The two bird species collected from Prince Leopold Island 
provided a unique opportunity to exam ine the influence 
of both diet and annual migration pattern on fluorinated 
co ntam in ant concentrat io ns. Guill emots had non

detectable concentrations of all analytes, whereas fulmars 
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have quantifiable concentrations of PFOS, and detectable/ 
non-quantifiable concentrations of PFAC9, 11, 12, and 13. 
G uill emots are known to reside year round at Prince 
Leopo ld Island, feeding primarily on marine fish and 
amphipods at the ice edge. Fulmars also feed on marine 
amphipods and fish, but are different from guillemots 
because they will occasionally scavenge marine mammal 
carcasses, and because they migrate south to the eastern 
coast of Canada (North Atlantic Ocean) in winter; both of 
these facto rs may result in greater exposu re to fulmars than 
gui llemots. Loons are ecologically different from both 
fu lmars and gui llemots because they feed in the freshwater 
environment on fish and migrate great distance annually, 
some as far south as the Gulf of Mexico. These differences 

are presumably both important factors that contribute to 
the relat ively high contamination ofloons with fluorinated 
contaminants. 

The fluorinated contaminants reported here can be 
categorized as two distinct classes of chemicals: PFACs 
(i.e. PFOA and PFAC9-l 5), and PFOS equivalents (i.e. 
PFOS and FOSA). As with ch lorinated contaminants, it 
may be useful to cons ider the sum of each individual 
contam inant class for risk assessment purposes. Although 
there is licrle coxicological data for all chese contaminants 
with which to perform a risk assessment, che sum of 
PFACs and sum of PFOS equivalents is shown in 
Appendix I . The sum of PFOS equivalents is usually the 
dom inant class of Auorinared contaminants; however, in 

mink PFAC9 exceeds the concentration of PFOS indicat

ing that attention should also be paid to chis class of 
contaminants in future monitoring efforts. 

Conclusions 
I . The elevated concentrations of PFOS in polar bear liver, 

wh ich were higher chan any persistent organochlorine 

chemicals previously reported in polar bear fac such as 
PCB, chlordane, or hexachlorocyclohexanes, indicates 
che importance of this chemical in particular and the 
perAuoro acid class of chemicals in general in Canadian 

arcric marine ecosystems. 

2. The presence of low but readily detectable levels of 
PFOS in mink and arctic fox, as well as lake trout, 
ind icate char rhis contaminant is important in rerrescrial 
and fres hwater food webs as well. 

3. T hese and o ther Auor inared contaminants require 
futu re attention thro ugh monicoring and risk assess
menr given chat the magnitude of contamination is 
simi lar to total PCBs and that their coxicity is noc yet 

understood. 
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,- APPENDIX 1. Fluorinated Organic Contaminant Concentrations (ng-g- 1 wet weight) in Canadian Arctic biota 
~ 
"- Site and Year PFOA PFAC9 PFAC10 PFACl 1 PFACl 2 PFACl 3 PFAC14 PFAC15 PFOS PFOSA SUM PFAC SUM PFOS ~:;;· ---
V, MAMMALS 

! Polar Bear (n = 7) Saniki lu aq Mean 8.6 180 56 63 6.2 11 0.51 < 0.5 3000 12 325 3012 
~ Ursus maritimus 2002 Min 2.9 108 35 56 4.7 7.5 < 0.5 < 0.5 1700 < 0.5 
~ 

= Max 13 230 76 78 8.2 14 1.1 < 0.5 4900 44 
0 

s: 
~ - I Arctic Fox (n = 10) Arviat Mean n.d. 22 14 13 1.5 2.2 < 0.5 n.d. 250 19 53 269 

A/apex lagopus 2001 Min n.d. 2.2 1.9 0.78 < 0.5 < 0.5 < 0.5 n.d. 6.1 < 0.5 

Max n.d. 86 72 55 4.8 7.1 1.9 n.d. 1400 110 

Ringed Seal (n = 9) Holman Mean n.d. 5.9 2.1 3.3 0.44 0.57 < 0.5 n.d. 16 0.36 12 16 
Phoca hispida 2001 Min n.d. 3.3 0.98 1.4 < 0.5 < 0.5 < 0.5 n.d. 8.6 < 0.5 

Max n.d. 8.8 3. 1 5.4 0.74 0.94 < 0.5 n.d. 23 0.52 

Ringed Seal (n = 10) Qausuittuq Mean n.d. 4.9 2.9 3.8 0.76 0.95 n.d. n.d. 19 2.0 13 21 
Phoca hispida 1998 Min n.d. 2.4 2.1 2.0 0.56 0.68 n.d. n.d. 10 < 0.5 

Max n.d. 8.1 3.8 5.9 1.3 1.6 n.d. n.d. 37 5.5 

Mink (n = 10) Yukon Mean n.d. 16 3.7 4.3 < 0.5 < 0.5 n.d. n.d. 8.7 1.4 24 10 

Mustela vison 2001/2002 Min n.d. 2.0 0.69 < 0.5 < 0.5 < 0.5 n.d. n.d. 1.3 < 0.5 
Max n.d. 35 9.0 12 0.76 0.83 n.d. n.d. 20 2.4 

BIRDS 
Common Loon (n = 5) Kuujjuarapik Mean n.d. < 0.5 < 0.5 1.3 < 0.5 0.88 < 0.5 < 0.5 20 5.9 2 26 

Gavia immer 1992 Min n.d. < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 < 0.5 11 2.0 

Max n.d. < 0.5 0.55 2.2 0.74 1.5 < 0.5 < 0.5 26 13 

Northern Fu lmar (n = 5) Prince Leopold lsl. Mean n.d. < 0.5 n.d. < 0.5 < 0.5 < 0.5 n.d. n.d. 1.3 n.d. 
Fulmarus glacia/is 1993 Min n.d. < 0.5 n.d. < 0.5 < 0.5 < 0.5 n.d. n.d. 1.0 n.d. 

Max n.d. 0.50 n.d. < 0.5 < 0.5 < 0.5 n.d. n.d. 1.5 n.d. 

Black Guillemot (n = 5) Prince Leopold lsl. Mean n.d. n.d. n.d. < 0.5 n.d. n.d. n.d. n.d. n.d. n.d. 

Cepphus gryl!e 1993 Min n.d. n.d. n.d. < 0.5 n.d. n.d. n.d. n.d. n.d. n.d. 

Max n.d. n.d. n.d. < 0.5 n.d. n.d. n.d. n.d. n.d. n.d. 
I 
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APPENDIX 1. Fluorinated Organic Contaminant Concentrations (ng-g 'wet weight) in Canadian Arctic biota (continued) 
Site and Year PFOA PFAC9 PFAC10 PFACl 1 PFAC12 PFACl 3 PFAC14 PFACl 5 

FISH 
White Sucker (n = 3) Kuujjuarapik Mean n.d. 1.0 2.6 6.2 L3 2.7 0.76 n.d. 
Catostomus commersoni 2002 Min n.d. 0.61 1.7 3.9 0.65 1.4 < 0.5 n.d. 

Max n.d. 1.7 3.1 8.5 1.8 3.7 1.2 n.d. 

Northern Pike (n = 1) Kuujjuarapik Mean n.d. < 0.5 2.0 2.9 0.83 L3 0.35 n.d. 
Esox lucius 2002 

Arctic Sculpin (n = 1) Kuujjuarapik Mean n.d. 2.2 0.52 1.1 0.55 1.7 < 0.5 n.d. 
Myoxocepha/us 2002 
scorpioides 

Brook Trout (n = 2) Kuujjuarapik Mean n.d. 6.2 2.5 5.7 1.5 1.4 0.27 n.d. 
Sa/velinus fontinalis 2002 Min n.d. 5.9 2.3 4.9 0.83 1.1 0.22 n.d . 

Max n.d. 6.5 2.8 6.5 2.2 1.7 0.32 n.d. 

Lake Whitefish (n = 2) Kuujjuarapik Mean n.d. 3.2 1.5 3.7 1.2 5.5 1.7 n.d. 
Coregonus clupeaformis 2002 Min n.d. 2.4 L2 2.7 0.69 2.7 1.1 n.d. 

Max n.d. 4.0 1.8 4.7 1.8 8.3 2.3 n.d. 

Lake Trout (n = 1) Lake Minto Mean n.d. 3.4 2.0 6.1 2.30 4.8 0.63 n.d. 
Sa/velinus nama1.cush 2002 

PFOS PFOSA SUM PFAC SUM PFOS 

7.6 13 15 21 
6.5 10 
8.6 18 

5.7 8.7 7 14 

12 18 6 30 

39 2.8 18 42 
29 2.0 
50 3.5 

12 14 17 27 
12 14 
12 15 

31 6.8 19 38 
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Abstract 
This study has examined temporal trends of persistent 

organic pollutants and metals, especially mercury, in 
landlocked Arctic char from lakes near rhe community of 

Qausuitruq (Resolute) by analysis of annual sample 
collections. Concentrations of mercury in the char in 

Resolute Lake were found to have declined significantly 

from 1993 to 2002. However, mercury concentrations 

have actually increased in Char Lake and Amituk Lake 
over the same period and mean concenrrations in char 

from these lakes are above guidelines for subsistence 
consumption of 0.2 µ,g•g - 1 wet wt. The reasons for 

increasing concentrations in Char and Amituk Lakes are 

unknown and need to be investigated. PCBs did not 

decline significantly in char from Resolute (1997 to 2002) 
or in Char and Amituk Lakes over the period 1992/93 to 

2002. However, chlorinated pesticides (chlordane and 

hexach lorocyclohexanes) as well as chlorobenzenes 
declined significantly berween 1992 and 2002 in Amiruk 

Lake and in Char Lake from 1993 to 2000. Concentra

tions of endosulfan and polybrominared di phenyl ethers 

increased significantly in char in Resolute Lake from 1997 

D. Muir and G. Kock 

to 2002. This illustrates rhar rhe lake is responding to 

increases in global emissions of these chemicals which 

have been shown to be increasing in Arctic air (endosul
fan) and biota. The lack of a trend for PCBs in char is 

also consistent with results from Arctic air during the 

mid-1990s. 

Key Project Messages 
Mercury concentrations have declined significantly in 

landlocked char from Resolute Lake from 1993 to 

2002 but have increased in char from Char and 

Amiruk Lakes over the same period. 

• PCB levels have not declined significantly in char from 
Resolute, Char or Amiruk lakes while concentrations 

of the pesticide endosulfan and brominated flame 

retardants have increased. 

• The reasons for increasing mercury in rwo of the three 

lakes for which there is long term data need to be 

investigated. 
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Objectives 
1. Determine temporal trends of persistent organic 

pollutants (POPs) and metals in landlocked Arctic 
char from lakes in the Canadian High Arctic islands 

by analysis of annual sample collections. 

2. Investigate factors inAuencing contaminant levels in 
landlocked char such as the inAuence of sampling 
cime, water temperature and diet. 

3. Determine levels of current POPs and metals as well as 
"new" potential POPs in fish from lakes of importance 
to the community of Qausuittuq and provide this 
information on a timely basis. 

Introduction 
Small lakes in the high Arctic are replenished annually 
with snowmelt runoff and direct precipitation, which 
represent significant fractions of their water budgets. 
Declining concentrations of POPs, or increasing levels of 
previously unstudied POPs, in air and precipitation 
should be reAecred relatively quickly in changes in levels 
in food webs and top predator fishes, compared to the 
vast marine environment. We know this to be the case 
from the sedimentary record of POPs and mercury (Hg) 
in small Arctic lakes (Muir et al., 1996; Lockhart et al., 
1998; Muir et al., 2003). 

The value of annual long-term sampling of fish for mea
surement of temporal trends of contaminants was well 
illustrated by studies in Sweden. Arctic char have been 
collected since 1980 in Lake Abiskojaure, 200 km north 
of the Arctic circle, and northern pike were collected from 
Lake Storvindeln, a forest lake in northern Sweden since 
1978. Samples were collected annually and were selected 
for consistency in sex, age, size and sampling season. Each 
annual sample at a given location was represented by 
10-25 specimens, thus within-year variation could be 
estimated. Declines in levels ofrDDT (DDT+ DDD 

+ DOE), PCBs and hexachlorobenzene (HCBz) but not 
hexachlorocyclohexane (HCH) isomers, were noted in 
fish from the Arctic locations (Olsson and Reurergardh, 
1986; DeMarch et al., 1998). The char data provided a 
more accurate temporal trend than pike muscle since the 
char has a higher concentration of far. Because of annual 
sampling, the Swedish program was also able to detect 
increases in DDT inputs due to the use of DDT in East 
Germany in 1984 (Bignert et al., 1993). 

The assessment of contaminants conducted by the NCP 
Qensen er al., 1997) found that there was limited infor
mation on temporal trends in fish especially in rhe eastern 
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and High Arctic. This study was designed to help fill rhar 
knowledge gap. Lakes near Qausuittuq (Resolute) were 
selected for study of temporal trends of POPs and metals 
in fishes. Many of the lakes, e.g. Amiruk, Char, Resolute, 

Meretta, are well studied limno logica ll y and the food 
chain in Char Lake has been well documented (Hobson 
and Welch, 1995). Char from Char Lake and Amituk 
Lake have been previously analysed for o rganochlo rine 
contaminants and metals (Mu ir and Lockhart, 1994, 
1996). This study, which began in 1999, has co ll ected 
fish annua ll y from 1997 to 2002 and compared 
contaminant concentrations with older data from Resolute 
and Char Lakes in order to examine tempora l trends. 

Activities 

In 2001-02 and 2002-03 
Sample collection 

Samples were successfu lly collected in August 2002 from 
Resolute, Aqiarusuk, Amiruk, Boomerang and Sapphire 

Lakes by Dr. Guenter Kock and colleagues (University of 
Innsbruck) working with Debbie lqaluk of Resolute, using 
either hand methods or gi ll nett ing. Unfortunately only 
5 fish were obtained from Am iruk Lake. However, 19 fish 
were collected from Resolute and 25 from Boomerang Lake. 
These collections add to previous collections by members of 
the project rean1 as outlined in Table 1. 

Samples (skin on fillers) were frozen in Resolute and then 
shipped to the National Water Research Institute 
(NWRI), Burlington, Ontario, and stored at -20°C until 

analysis. Subsamples were also sh ipped to J. Reist (DFO 
Winnipeg). Aging of the char was done by J. Babaluk 
(DFO Winnipeg). 

Chemical analysis 

Metals 

Arctic char muscle was subsampled and acid-digested in 
a high-pressure microwave oven. Hg was analysed by cold 
vapour atomic absorption spectrophotometry (CV AAS), 
and 22 elements (Ag, As, Ba, Cd, Ca, Cr, Cu, Ga, La, Li, 
Mn, Mo, Ni, Pb, Pr, Sb, Se, Sr, TI, U, V, Zn) were 

detemined by inductively coupled plasma mass spectrom
etry (ICP-MS) (PQ-2, VG Elemental). Al l analyses were 
performed by the National Laboratory for Environmental 
Testing (NLET) at NWRl, Bu rl ington. 

O rganochlorines 
Char (muscle plus sk in) samples were homogenized, 
mixed with pre-cleaned Na,SO, and Soxhlet extracted 
with dichloromethane:hexane (I: 1). Organochlorines were 

isolated by gel permeation chromatograp hy (GPC) 
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Table 1. List of lakes and Arctic char samples collected and analysed or available fo r analysis 

Lake Island Latitude 

Am ituk' Cornwallis 75° 03'N 

Aqiatusuk Cornwallis 74°42'N 

Boomerang Somerset 73° 57'N 

Char' Cornwa ll is 74° 42'N 

North Cornwa llis 74° 46'N 

Resolute' Cornwalli s 74° 4l'N 

Sapphire Devon 75° 2l'N 

• Reported by Muirand Lockhart 1994; 1996 
2 Livers analysed for cadmium on ly; muscle samples lost in freezer failure 

followed by silica gel cleanup. Lipid was determined using 

the G PC lipid fraction . T he chromatography on silica gel 

was used to separa te PC Bs an d p,p~DDE from more 

ch lordane and toxaphene com ponents, p,p'-DDT and 

H C H iso mers. The rwo fract io ns from the silica gel col

umn were th en analysed by gas chromatography with 

el ectron -capture detectio n (GC-ECD). Separation was 

accomplished on a HP 6890 GC using a 30 m DB-5 column 

w ith H
2 

ca rri e r gas. 1PC Bs rep resented the sum of 

103 co nge ners. Toxaphene and PBDEs were analysed by 

low reso lutio n GC-negati ve io n MS usi ng a HP 5973 

M SD. Sel ected samples of Fraction 1 were also run to 

check q uantificatio n of roxaphene congener P26. PBDEs 

were quanti fied using an extern al standard consisting of 

32 co ngeners. Gas chro matograph ic conditions for the 

PBDEs were as described by Lu ross et al. (2002). 

C o-planar PC Bs (77, 126 and 169) were determined in 

the lipid-free extracts. T hey were spiked with BC-labelled 

surroga tes, subj ected to sili ca-gel cleanup and carbon 

co lumn enri chment prio r to analys is by high reso lution 

M S. Co planar PC B analyses were performed by AXYS 

An alytical (S idney, BC). 

Stable isoto pe analyses 
Muscle fro m a ll fi sh analysed fo r mercury we re analysed 

fo r stable isotopes of ca rbo n (SBC) and n itrogen (6 15N) 

a t W R! (Saskatoo n) in muscle samples using isotope 

ratio M S. 

Quality assurance (QA) 
QA steps in cl uded the ana lysis of certified reference 

materials fo r heavy metals and organochlorines, reagem 

blanks and dup licate sa mples. A reference material (NIST 

[Nat ional Institute of S ta nd ards a nd Tech no logy, 

Gaithersburg MD; http: / /ois. nist.gov/srmcaralog] 1588 cod 

liver, N IST 1974 mussels or Ca mbridge Isotopes Ltd, lake 

trou t 2525) and a bl ank we re run with each sample 

batch of I O sa mples. NLET orga nics and metals labs a re 

D. Muir and G. Kock 

Longitu de Years 

93° 49'W 1992, 2001, 2002 

94° 14'W 2002 

92° 59'W 1999, 2001, 2002 

94° 53'W 1993, 1999, 2000, 2001 

95° 06'W 2000 

94° 55'W 1993, 1997, 19982, 1999, 2000, 2001, 2002 

89° 29'W 1999, 2001, 2002 

participants in the NCP Quality Assurance Program. The 

NLET organics lab is a participant in the Quality Assurance 

for Marine Environmental Monitoring in Europe (QUA

SlMEME) programs for PCBs and toxaphene. NLET is 

certified by the Canadian Environmental Analytical Labo

ratory program of the Canadian Standards Association. 

Statistical analyses 
Recent mean concentrations of metals and organochlo

rines in char from Resolute Lake and other lakes were 

compared with results from 1992-93 using t-tests. Results 

were first tested for normality us ing skewness and kurto

sis tests. Statistical analysis showed chat concentration 

data for most elements in char muscle from Resolute Lake 

was normally distributed. Therefore, arithmetic means 

were reported and correlation analysis was conducted with 

untransformed data . Organoch lorine dara were lipid 

corrected and log transformed prior to resting significant 

differences among years using the r-cesr. 

Results and Discussion 

Spatial trends of mercury and other metals 
Mean concentrations of mercury in landlocked Arct ic 

char from Resolute, North, Sapphire, Boomerang and 

Char Lakes ranged from 0 .14 to 0.55 ug g I wer wt based 

on the most recent collections from each lake. Higher 

mean concentrations (1.3 ug g I ww) were seen in char 

from An1icuk Lake (Figure l; Table 1). The sample size 

from Amicuk was small and therefore may not be repre

sencative1 however, previous results (Muir and Lockhart, 

1994) also showed relarively high mercury in char from 

this lake compared ro other lakes in che area. Mercury was 

strongly correlated with fish length and we ight, as well as 

w ith thallium (TI), rubidium (Rb) and selenium (Se) 

(P < 0.05) in all lakes, but not co nsistently with any of 

rhe other 18 other elements chat were measured. Me rcury 
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was also significantly correlated with stable nitroge n iso

tope ratios (8 1'N). This suggests that biomagnification of 

mercury is occurring within the char population due to 

the presence of piscivorous char. 

Concentrations of mercury and I O other elements, includ

ing the toxic metals Pb, Cd, As and TI , in Resolute, 

Boomerang, Sapphire and Amituk Lakes are shown in 

Table I. We have previously reported these same elements 

in Char and North Lakes, as well as Resolute Lake (Mu ir 

et al., 2001). Lead and cadmium concentrations were 

uniformly low, approaching detection limi ts of about 

0.00 l ug/g. Thallium and arsenic showed more lake-to

lake variation. Thallium was higher in Sapphire and 

Amituk char than in Resolute, Boomerang, Char or North 

Figure 1. Mercury concentrations in muscle of landlocked 
Arctic char from six lakes in the central 
Arctic archipelago. Vertical bars represent 
95% confidence intervals. Results are from 
1999 (Sapphire), 2000 (North), 2001 (Char), and 
2002 (Resolute, Boomerang and Amituk) 

95°w so0w 

Lakes (see Muir et al., 200 1; Table I ) . Arsenic a nd 

chromium were higher in Sap phire Lake than in all other 

lakes. Sapp hire Lake is in the area of the H aughron 

meteor crater and may have unusual geology relative to 

the other lakes o n Cornwallis Island. 

Temporal trends of mercury 
Mercury concentrations in char from Resolute Lake in 

1999 through to 2002 were about 20-25% lower than 

chose from 1993 and 1997 (F igure 2). The decline from 

1997 to 2002 was statist ically significant (t-test; P = 0.001 ) 

in 2002. ln contrast, mercury co ncen trations in char from 

Char Lake and Amituk Lake we re significantly hi gher 

(P = 0.03) in recent samples (Amituk O 1-02; C har 00-0 l ) 
compared to 1992-93. The 2-3 fo ld increases in mercury 

in Arctic char from Char and Amituk Lakes are within 

the range seen in seabirds and ringed seals in the Cana

dian Arct ic arch ipelago during the 1990s (Fisk et al., 

2003). The slow declining trend in Resolute Lake suggests 

that these trends can vary widely among lakes. Differences 

in water residence time and watershed characcerisrics may 

help expla in this. 

In other work, we have found mercury co ncenrrat ions in 

a dated sed iment core from Resolute Lake have a lso 

declined d uring the past 15-20 years, while concentrations 

in a core from Amituk Lake mercury reached a maximum 

in the early 1980s and are now declining (Muir et al. , 

2003 - this volume) . Thus, the changes in concentrations 

in Arctic char in both lakes do not coincide well with total 

mercury deposition to sed iments. They may be related to 

inputs from methyl mercury which has been shown to be 

formed in we tl and areas on Cornwallis Island during 

spring snow melt (Losetto et al., 2003). 

Persistent organochlorines (OCs) 
Char (sk in on muscle) samples had detectable levels of 

abo ut 85 PCB congeners and 30 OC pesticides a nd 

Table 2. Mean concentrations and standard deviation of mercury and other major elements (µg-g 1 wet wt) detected in 
muscle of landlocked Arctic char from lakes in the area of Qausuittuq (Resolute) 
Lake N Weight (g) As Cd er Ni Pb Rb TI V Se Hg 

Resolute 10 mean 370 0.021 0.002 0.032 0.115 0.007 0.641 0.004 0.002 0.714 0.138 

(2002) SD 101 0.014 0.001 0.021 0.053 0.007 0.112 0.002 0.003 0.078 0.059 

Boomerang mean 465 0.009 0.001 0.030 0.072 0.001 0.432 0.004 0.001 0.664 0.213 

(2002) SD 138 0.007 0 000 0.011 0.011 0.001 0.230 0.003 0.000 0.069 0.183 

Sapphire 8 mean 864 0.046 0.001 0.135 0.025 0.007 0.360 0.016 0.031 0.670 0.291 

(1999) SD 1063 0.012 0.001 0.022 0.013 0.003 0.056 0.007 0.005 0.053 0.189 

Amituk mean 688 0.012 0.002 0.042 0.076 0.002 0.832 0.017 0.001 1.65 1.30 
(2002) so 533 0.004 0.001 0.016 0.029 0.002 0.167 0.007 0.000 0.210 0.834 
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Figure 2. Mercury concentrations (means ± 95% 
confidence interval) in landlocked Artie char 
from Char, Amituk, and Resolute Lakes 
(1992/93- 2002) 

Char Lake 
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related compounds. Mean concentrations in Resolute 
Lake char were virtually identical over the five year period. 
iPC B concentrations showed no sign ificant decline 
(t-test, P > 0.05) in Char Lake (1993-2000), Amituk 
Lake (1992-2002) or Resolute Lake (1997-2002) . Total 
chlordane (i CHL), total tetra-, penta- and hexachloro
benzenes (i C BZ), and rota! hexachlorocyclohexanes 
(iHC H) declined signifi cantl y betwee n 1992-02 
(Amituk) and 1993-2000 (Char) (Table 2) . i DDT (total 
DDT-related compounds) also declined but the trend was 
not Stati sti cally signifi cant due to small sample sizes. 
End osulfan co ncentra ti ons increased significantly 
(P < 0.0 1) in Amituk and Resolute Lakes but showed no 
signifi cant trend in Char Lake (T able 1). The observation 
that endosulfan is increasing in two of the three lakes is 
interesting because Hung et al. (2002) have fou nd increas
ing concentrations of this pestic ide in Arctic air over the 
period l 993 to l 998. The lack of a trend fo r PCBs is also 
consistent with the observation that PCBs did not decline 
in Arctic air during the mid- l990s (Hung et al. , 2001) . 

Results for stable isotope analysis of the Resolute Lake char 
from 1997-2001 showed that log

10
1 PCB (l ipid weight) 

was significantly correlated with 8' 5N (r'= 0.29; P < 0.01) . 
Each year, 1-3 fi sh out of 10- 12 analysed from Resolute 
Lake had 8 '5N values 3.5%0 ot more higher than others 
ind ica tin g they are feeding at a higher troph ic level, 
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probably on other char. H obson and Welch (1995) 
associated 8 15N values of 13.7%0 with piscivory in char. 
T hey also fo und a significant increase in the 8 15N of these 
fi sh with size which they attributed to cannibalism within 
the population. There were no sign ificant correlations of 
815N with length or weight in Resolute Lake char. 

Co-planar PCBs 
These congeners were measured in 6 char samples from 
Resolute Lake (2000). We chose to analyse all 209 PCB 
congeners (including all 16 non-ortho and mono-ortho 
congeners for which there are toxic equivalent factors) 
using high resolution mass spectrometry (HRMS). The 
HRMS work confirmed the presence of low pg/g levels 
of co-planar PCBs (Table 3). Concentrations and TEQs 
were, in most cases, similar to those reported previously 
from other landlocked char (by low resolu tion MS), 
however, PCB77 concentrations were higher than mea
sured previously. Mosr of the TEQs were due to PCB 126 
which has a TEF of0. l compared to 0.0001-0.0005 for 
most of the other planar congeners . PCB 169 was not 
detected ( < 0.1 pg/g) in char samples . 

Polybrominated diphenyl ethers (PBDEs) 
Because of the increasing concentrations of BDPEs 
reported in ringed seals from the Canadian Arctic 
(Ikonomou et al., 2002) we decided to examine the 
trends in our Arctic char samples. There are no previous 
results on BDPEs in Arctic char to our knowledge. 
While total PBDEs were relatively low (1.1-5.5 ng g· 1 

wet weight) the concentrations of congeners 47 and 99 
are within the range of the 30 most prominent PCB 
congeners in the same samples (Figure 3). BDE 47 and 
99 have doubled in concentration in Resolute Lake char 
(selected with 8 15N from 10-13%0) between 1997 and 
2001 (Figure 3). Mean concentrations of these PBDEs 
were significantly higher in 200 I and 2002 chan in 1997 
(t-test, P < 0.05). 

Conclusions 
Concentrations of mercury in the char in Reso lute Lake 
have declined significantly from 1993 to 2002. However, 
mercury concentrations have increased in Char Lake and 
Amicuk Lake over the same period and mean concentra
tions are above guidelines for subsistence consumption of 
0.2 ug g- 1 wet wt. The 2-3 fo ld increases in mercury in 
Arctic char from Char and Amituk Lakes are withi n the 
range seen in seabirds and ri nged seals in the Canadian 
Arctic archipelago during the 1990s (F isk et al. , 2003) . 
The slow declining trend in Resolute Lake suggests that 
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Table 3. Geometric mean concentrations (ng g- 1 lipid wt) of major 0Cs in landlocked Arctic char' 
Lake N ICBz I CHL I DDT cx-endo-sulfan I HCH IPCB 

Amituk (I 992) 12 149 ± 30 1220 ± 372 833 ± 315 4.5 ± 1.1 44.0 ± 4.2 1823 ± 724 

Amituk (2002) 4 48.7 ± 2.6 567 ± 256 416 ± 196 9.9 ± 3.3 13.0 ± 2.3 1262 ± 556 

Char (1993) 5 66.8 ± 24.0 361 ± 138 2108 ± 1040 3.5 ± 1.0 60.1 ± 16.4 5546 ± 2602 

Char (2000) 4 42.9 ± 8.6 39.2 ± 10.2 1310 ± 789 2.1 ± 1.3 11.4 ± 1.5 4883 ± 3133 

Resolute (I 997) 10 29.3 ± 5.3 84.3 ± 29.8 119 ± 44.0 1.7 ± 0.5 11.3 ± 1.9 2144 ± 783 

Resolute (1999) 10 39.1 ± 5.3 121 ± 30.4 170±44.3 2.8 ± 0.3 17 .1 ± 1.9 2347 ± 707 

Resolute (2000) 8 38.0 ± 4.6 30.5 ± 6.2 148 ± 40.9 3.0 ± 0.4 12.6 ± 0.3 2281 ± 603 

Resolute (2001) 10 32.3 ± 5.9 91.2 ± 32.3 109 ± 33.9 2.9 ± 0.6 10.5 ± 1.6 1373 ± 230 

Resolute (2002) 9 36.5 ± 6.9 89.4±11.9 114 ± 20.6 3.2 ± 0.3 12 .6 ± 0.5 2323 ± 529 
1 These are lipid weight concentrations. Wet or fresh weight concentrations are approximately 20-times lower given average lipid content of about 5% 

Table 4. Co-planar PCB concentrations in Arctic char from Resolute Lake (2000) and previous results from Char and 
Amituk Lakes 
Location Year N % lipid P37 

Resolute Lake 2000 6 5.6 14.2 

1.7 5.2 

Char Lake 1993 5 4.3 1.1 

1.9 1.3 

Amituk Lake 1993 12 4.4 0.4 

2.1 0.7 
1 TEQs based on congeners 77, 81 , 105, 114, 118, 113, 116, 156/157, 167, 169,189 

Figure 3. Concentrations of PBDEs in landlocked Arctic 
char from Resolute Lake (1997 - 2002). Bars 
are average lipid weight concentrations and 
vertical lines are 95% confidence intervals. 
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these trends can vary widely among lakes. Resolute Lake 
has a much higher sedimentation rate than the two other 
lakes, and this may inAuence exposure of char to mercury. 
Differences in water residence time and watershed 
characteristics may help explain this. 

The reasons for increasing concentrations in Char and 
Arnituk Lakes need to be investigated. Climate warming and 
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P81 P77 P126 P169 Total TEQ' 
4.3 107.9 56.3 1.3 8.47 

4.3 48.5 23.3 0.0 

2.3 22.0 73.4 3.4 7.38 

0.9 8.7 31.1 1.2 

0.6 7.1 9.3 1.1 0.95 

0.5 3.5 5.6 1.2 

the destruction of the ozone layer cou ld be resulting in 
increased exposure of biota to mercury in high Arctic lakes. 

PCBs have not declined sign ifi cantly in char from 
Resolute, Char or Amituk Lakes over the period 1992-93 
to 2002. PCB TEQs in char muscle, calcu lated with al l 

dioxin-like PCB congeners, average 8 pg/g which is rela
tively low. 

Concentrations of endosulfan and PBDEs increased 

significantly in char in Resolute Lake from 1997 to 2002. 
This illustrates that the lake is responding to increases in 
global emissions of these chem ica ls which have been 
shown to be increasing in Arctic air (endosu lfan) and 
biota. The lack of a trend for PCBs is also consistent with 
results from Arctic air during the mid- I 990s. 

PCBs and mercury have been shown to vary with trophic 
level of the cha r in Resolute Lake. Stab le isotope 
signatures of the fish are thus important in helping to 

interpret temporal trends. On ly fish with a sim ilar narrow 
range of 815N can be compared among yea rs. 

D. Muir and G. Kock 
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Abstract 

Temporal Trends of 
Persistent Organic Pollutants and Metals in 

Ringed Seals from the Canadian Arctic 
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m_kwan@makivik.org 

Project team (2001-02-03) 
2001 - Hunters and Trappers Associations of Sachs Harbour and Paulatuk 
2002 - Hunters and Trappers Associations of lnukjuaq, Kangiqsujuaq 
(Wakeham), Kangiqsualujjuaq (George River) and Quaqtaq; John 
Alikamik, Holman , NT; Sean Backus and Mike Comba , NWRI, Burlington, ON; 
Aaron Fisk, University of Georgia, Athens, GA; Paul Hoekstra, University of 
Guelph, Guelph, ON; Lyle Lockhart, Winnipeg, MB; Eric Loring, Inuit Tapiriit 
Kanatami , Ottawa ; Lois Harwood, Fisheries and Oceans, lnuvik, NWT; 
Ian Stirling, Canadian Wildlife Service, Edmonton. 

Temporal trends of mercury, PCBs, DDT, and other per
sistent organic pollutants (POPs) in ringed seals were 
studied by comparing results from samples collected in rhe 
1970-early 1990s with results from recent collections. 
Significant declines of 1PCB I O (sum of 10 major PCB 
congeners) and 1DDT (sum of DDT related compounds) 
were seen in female ringed seals from 7 of 9 locations in 
the Canadian Arctic and there was a shift to more 
recalcitrant residues, i.e. p,pcDDE and CB 153, reflecting 
older "weathered" or degraded sources at all locations. 
1HCH and 1CHL concentrations in seals showed greater 
annual % declines (up to 6% per year) than PCBs and 
1DDT at some locations. 1DDT and PCBs were found 
to be declining at 1-5% per year at 7 locarions during the 
l 990s/early 2000s. However, two eastern Arctic locations 

(Pangnirrung and Ungava Bay) show no significant trend. 
These results suggest rhar there are regional differences in 
temporal trends of persistent organochlorines possibly 
because of exposure to different water masses, e.g. Arlanric 
Ocean influence in the eastern Arct ic, and because of 
differences in atmospheric deposit ion between the eastern 
and western Arctic. During the I 990s/early 2000s, mercury 
concentrations increased from 2- to 3-fold at 3 locations, 
declined by l.5- 2x at 3 locations and showed no change 
at two others. Therefore, it appears that there is no clear 
increasing trend of mercury in ringed seals in rhe Canadian 
Arctic. The observation of borh increases and declines in 
mercury in seal li ver po ints ro rhe need fo r increased 
frequency of sampling for this contami nant. 
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Key Project Messages 
I. Temporal trends of POPs and mercury were examined 

in female ringed seals over a 25-year period at 2 loca
tions and over 12 to 15 years at 8 other locations. 

2. Concentrat ions of most POPs were lower in rhe late 
I 990s/early 2000s compared to rhe 1970/S0s and 
ea rly 1990s, however, the extent of declines varied 
widely. rooT had the largest decline (i.7x to 3.3x) 
while PCBs declined l.6-2.4x over 25 years. 

3. Mercury increases were also quite variable. Mercury 
increased 2-3x at three locations (Mirrimaralik, 
Hudson Strait and Holman) and declined by l.5-2x 
at Qausuittuq, Ungava Bay and Sachs Harbour and 
showed no change at Arviar and Inukjuaq. 

4. Overall there appears to be no geographically wide
spread increase in mercury in ringed seal liver. Year tO 

year variation in mercury in seals makes assessment of 

temporal trends difficult. 

Objectives 
I. Determine temporal trends of persistent organic 

pollutants (POPs) and mercury in ringed seals from 
locations previously stud ied in the 1980s and early 

1990s. 

2. Provide rhe information on levels and temporal trends 
of these conraminanrs ro each community participating 

in the study on a timely basis. 

Introduction 
The ringed seal is the most abundant Arctic pinniped with 
a circumpolar distribution, making this species an ideal 
candidate for exam ining spatial trends of persistent organic 
pollutants (POPs) and heavy metals in the Arctic. It is 
identifi ed as a key species for monitoring by the Arctic 
Monitoring and Assessment Program (AMAP) and for 
temporal trends monitoring in the NCP "Blueprint" 

(INAC 1999). As a top predator in nearshore pelagic food 
webs, the ringed seal prefers land fast ice or multiyear ice. 
The ringed seal diet consists of fish, mainly Arctic cod 
(Boreogadus saida), polar cod (Arctocadus glacialis) and 
crustaceans (amphipods, mysids and euphausids) (Holst et 
al., 200 I). Ringed seals are relatively sedentary and male 
ringed seals may occupy rhe same under ice habitat for up 
to 9 months (Smith, 1987). Ringed seals are hunted 
virtually throughout all coastal communities of the Canadian 
Arctic and it is therefore relatively easy ro obtain samples 
with the help of local hunters and trappers associations. 

D. Muir and M. Kwan 

The original rationale for this project was that there could 
be differences in the temporal trends of POPs and Hg in 
marine mammals across the Canadian Arctic. Recent 
seawater measurements show large spatial differences of 
HCH, toxaphene and PCBs concentrations in seawater 
between the Beaufort Sea and Baffin Bay and between 
rhose areas and Hudson Bay (Hoekstra er al., 2002; 
Macdonald er al., 2000). These differences in seawater 
levels may give rise to differences in contaminant levels 
in marine food webs and ultimately in marine mammals. 
In rhe case of HCH for example, much higher levels are 
found in ringed seal blubber from rhe central high Arctic 
than in waters inAuenced by rhe Atlantic Ocean (Muir er 
al., 2000). PCBl53 shows fewer regional differences after 
adjusting for rhe effects of age and sex using analysis 
of covariance (Muir er al., 2000) bur levels of PCBs 
are generally higher in seals in rhe eastern Arctic (Muir et 
al., 1997). 

Regional differences in concentrations are even more 

pronounced for mercury (Hg) than for persistent organo
chlorines (OCs) in seals with higher levels in the western 
Arctic (Muir er al., 1997; Wagemann er al., 1996). This 

may be due to greater sources of natural Hg in the 
sedimentary rocks of the western Arctic. When this 
project began, information on temporal trends in Hg in 
ringed seals was limited, however, results to the mid
I 990s showed increasing levels with time (Wagemann et 
al., 1996) but the rates of increase did not seem to be the 
same in the eastern and western Arctic. 

Results for OCs (in blubber) and Hg (in liver) were avail
able from previous NCP and pre-NCP studies of ringed 
seals from several communities in the eastern Arctic and 

western Arctic (Muir et al., 1997; Weis and Muir, 1997; 
Wagemann er al., 1996). Results for mercury in liver were 
available for several communities in the eastern Arctic 
(Resolute, Pangnirtung, lnukjuaq, Kangiqsujuaq) and 
western Arctic (Holman, Sachs Harbour) from the 1970s 
to 1990s although rhey had been presented only on a 
regional basis by Wagemann er al. (1996). 

Activities 

In 2001-02 and 2002-03 
In 2001-02 ringed seal samples were successfully 

collected with the help of our HTA partner organiza
tions in Sachs Harbour and Paularuk as part of the 

spring/summer hunt. Lois Harwood of Fisheries and 
Oceans (Inuvik) arranged for collection of ringed seals 
from Holman. Collection at Tuktoyakruk was unsuc

cessful due to limited hunting and the lack of a freezer 
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at the HT A office which prevented storage of samples . 
In 2002-03 ringed seal samples were collected success
fully by the HTAs of 4 northern Quebec communities, 
lnukjuaq, Kangiqsujuaq (Wakeham) , Kangiqsualujjuaq 
(George River) and Quaqtaq. These collections added 
to samples collected and analysed from Mittimatalik 
(Pond Inlet), Qausuittuq (Resolute) and lkpiarjuk/ 
Tununirusiq (Arctic Bay) in 2000 (Muir et al., 2001). 

Hunters were provided with a kit and video prepared in 
lnuktitut and English by the Kuujjuaq Research Centre 
(KRC). Collections consisted of blubber, liver, muscle, 
kidney, tooth/lower jaw (for aging) from 25 seals, most 
being adults and about half female . Essential data on 
length, girth, blubber thickness at the sternum, and sex 
was provided for all locations except Mittimatalik. All 
samples were shipped to KRC for processing. Large 
subsamples of all tissues were archived in walk-in freezers 
at -35°C in sealed plastic bags (double bagged). Aging 
was performed on tooth sections at KRC. 

Chemical analyses 

OC pesticides and PCBs in seal blubber were determined 
with the following general procedure: Blubber samples were 
homogenized with sodium sulfate and Soxhlet extracted with 
dichloromethane:hexane (1:1). Following lipid removal by 
gel permeation chromatography, OCs were fractionated on 
an activated silica gel column, then analysed by gas chroma
tography with electron-capture detection (GC-ECD). 

Separation was accomplished on a HP 6890 CC using a 
30m DB-5 column with H

2 
carrier gas. Toxaphene was 

analysed by low resolution CC-negative ion MS using a 
HP 5973 MSD in negative ion mode. All OC analyses were 
conducted by the National Laboratory for Environmental 
Testing (NLET) Organics Analysis Laboratory. This lab is 
certified by Canadian Standards Association and has 
participated successfully since 1998 in more than 12 QUA
SIMEME interlab comparisons on PCBs/OC pesticide 
analysis as well as in roxaphene intercomparisons. 

Liver and kidney samples were analysed for heavy metals 
(cadmium, mercury, lead, selenium and arsenic) at KRC 
(Kuujjuaq) using atomic absorption spectrometry (MS). 
Methyl mercury was determined (by NLET) in a subset 
of liver samples by CC-atomic emiss ion detection (AED) 
to examine the speciation of Hg. 

Quality assurance steps included the analysis of reference 
materials for heavy metals and organochlorines, reagent 
blanks and duplicate samples. The KRC metals lab and 
the NLET organics lab were participants in the NCP 
Quality Assurance Program (Stokker, 2003). 

Organochlorines concentrations in ringed seals were 
normalized to I 00% lipid. Results for both mercury and 
organochlorines were first tested for normality using 
skewness and kurtosis tests . All mercury data were 
log

10 
transformed ro give coefficients of skewness and 

Table 1. Collection of ringed seal samples for 0Cs and Hg temporal trends 1998-2002 

Location 

Nunavut 

Arviat 

Ausuittuq (Grise Fiord) 

Pangnirtung 

Mittimatalik (Pond Inlet) 

Qausuittuq (Resolute) 

lkpiarjuk/Tununirusiq (Arctic Bay) 

NWT 

Sachs Harbour 

Holman 

Paulatuk 

Nunavik 

Kangiqsujuaq (Wakeham) 

Kangiqsualujjuaq (George River) 

Quaqtaq 

lnukjuaq 
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Year of Collection 

1998 

1998 

1999 

2000 

2000 

2000 

2001 

2001 

2001 

2002 

2002 

2002 

2002 

Year analysed 

2000-01 2001-02 2002-03 Chemicals 

Hg & 0Cs 

Hg & 0Cs 

Hg & 0Cs 

Hg 

Hg & 0Cs 

Hg & 0Cs 

Hg & 0Cs 

Hg & 0Cs 

Hg 

Hg & 0Cs 

Hg & 0Cs 

Hg & 0Cs 

Hg & 0Cs 
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kurtosis < 2 whi le OC data were nor log transformed 
because of relatively low coefficients of skewness and 
kurtosis. Geometric means (back transformed log data) 
and arithmetic means were calculated for mercury in liver. 
Selected comparisons between years were made with 
the Students r-resr (two ra iled, unequal variances) 
(Excel, 2000). 

Results and Discussion 

Organochlorines 
Samples from fema le seals only were selected for analysis 
in order to minimize the influence of age in the interpre
tat ion of temporal trends of OCs (Addison and Smith, 

1974). Results are available for all 10 communities from 
wh ich we originally planned to analyse seal blubber 
samples based on the avai lability of previous data. In 
addition, a small number of samples from Holman 
(5 males and 5 females) were analysed for OC pesticides 
and PCBs in order to provide additional temporal trend 

information for the Canadian Arctic Assessment Report 
(P. Hoekstra, unpublished data). 

Arirhmeric mean concentrations (95% confidence limirs; 
ng-g- 1 lipid weight) for IPCB!0 (sum of CB 28, 31, 52, 
IOI, 105 , 118, 138, 153, 156 and 180) and CB153/ 
IPCB ratios in blubber of female ringed seals are shown 
in Figure I. This figure combines the results from this 
study of 10 locations with historical resulrs. In order to 
make this comparison some communities were combined. 
Results for Quaqraq and Kangiqsujuaq in Nunavik were 
combined as a "Hudson Strait" group because the 
communities are relatively close together. Previous OC 
results for this area were from Salluir and Kangiqsujuaq. 
Older results from Rankin Inlet (Kangiqliniq) in 1986 
were used for comparison with Arviat for 1992 and 1998. 
The seals hunted by these two communities are consid
ered to be from the same western Hudson Bay population 
(!. Stirling, personal communication). For comparison 
with earlier data IPCB!0 was used rather than all 

congeners because the results from the early 1980s and 

Figure 1. Temporal trends of I PCBl O (sum of 10 congeners) and ratio of CBl 53 to IPCBl O in female ringed seal blubber 
from 9 locations in the Canadian Arctic. Bars represent arithmetic mean concentrations (ng-g-1 lipid weight) 
± 95% confidence limits 
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Figure 2. Temporal trends of IDDT and the r_atio of_ p,p' -DOE to I DDT i~ female r:nged se~I blubber !ram 9 _locatio~s i_n the 
Canadian Arctic. Bars represent arithmetic mean concentrations (ng-g l1p1d weight) ± 95 % confidence hm1ts 
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1970s (in Muir er al., 1988) did nor include as many 

congeners as later studies. Results from early 1990s are 
from Muir er al. (1997) and Muir (1996), and from I 980s 
from Weis and Muir ( 1997). Results for Ausuittuq (Grise 
Fiord) for I 972 and lkpiarjuk/Tununirusiq (Arctic Bay) 
are from Muir er al. (I 988). All previous results shown in 

Figure I, including the samples from I 972 and I 975, 
were based on capillary GC-ECD with quantirarion using 
authentic standards. 

:SPCB I 0 concentrations were lower in samples from 
1998-2002 rhan earlier samples at all locations (Figure I). 
The clearest declining trends were observed at Ausuirruq 
and lkpiarjuk/Tununirusiq where results were available 
from rhe 1970s. iPCBI0 in seals from lkpiarjuk / 
Tununirusiq declined significantly (2.4x) from 1975 ro 
2000 and l.5x at Ausuirruq (1972 ro I 998) based on 
comparison of arithmetic means (r-resr, P < 0.05), how
ever no decl ine was observed between 1993 and 1998/ 
2000 at either location. Ar 7 other locations we compared 
results from rhe I 980s/early 1990s with rhe late 
I 990s/2000s. Ar 5 locations (Hudson Strait, Ungava 
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Bay, Qausuirruq, Pangnirrung and Arviar), LPCB I 0 
concentrations were higher in rhe early/mid 1990s than 
in rhe 1980s although differences were no r statistically 
significant. Significant declines of iPCB I 0 concentra

tions (r-resr, P < 0.05) were observed between rhe early 
1990s and late I 990s/early 2000s at Qausuirruq , Sachs 
Harbour and Arviar bur nor ar rhe other 4 locations. 
CB 153/:SPCB ratios increased at 8 of 9 locations 
(F igure I). The clearest trends again were at Ausuirtuq 

and lkpiarjuk/T ununirusiq where CB 153/iPCB ratios 
were about 0.18 in the 1970 , compared with 0.30-0.33 
in 1998-2000. This indicates a gradual shift ro more 
recalcitrant PCB congeners over the 25-yea r period. 

iDDT had rhe largest decline of any "legacy" orga no
chlorine - 2.5x at Ausu ittuq and 3.3x at lkpiarjuk/ 
Tununirusiq ,over 25-30 years whil e p,pcDOEliDDT 
increased over the sa me period (Figure 2). T he decl ine in 

iDDT was statistically sign ificant (r-tesr, p < 0.05) from 
Ausuittuq and lkpiarjuk/Tununirusiq ove r the period 
1972/75 ro 1993. Sign ificant declines ofiDDT were also 
found at 5 of rhe 7 other locations. Ar Pangnirrung and 
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Ungava Bay, no sign ifi cant differences were found for 
:£DDT berween sa mples fro m 1985, 1993 and 1999, 
although mean levels we re higher in the samples from the 

1990s. At Pangn irtung one explanation for the higher 
level s in the 1999 animals is that their average age was 
older (12 yrs) compared to the 1985 group (2 yrs). 
However, thi s was not the case in the samples from 
Ungava Bay which had simi lar mean ages for each sam
pling year. Although concentrations of major OCs gener
ally do not vary with age in reproductively active females, 
there is a gradual increase from young to very old an imals 
(F isk et al., 200 1). p,pcDDE/1DDT ratios generally 
in creased from th e 1980s to the 1990s/2000s at all 
locatio ns. This trend towards more recalcitrant DDT 
components was most ev ident at Ausuittuq, lkpiarjuk/ 
Tu nuni rusiq, Qausuittuq, and Sachs Harbour and not 
signifi cant at Pangn irtun g and Ungava Bay. 

The geographic va riat ion in temporal trends of :£PCB, 
:£DDT, 1CHL and 1HC H in female ringed seals is 

illustrated in Figure 3 by plotting the annual percent 
decline in the 1970s to 1980s or 1980s to 1990s/2000s. 
The annual percent decline was calculated by express ing 
the difference in mean concentrations berween sampling 

years as a percentage and dividing by the number of years. 
Results from Holman were also included by using mean 
concentrations reported by Addison and Smith (1998) 
combined with recent results of Hoekstra (2001, unpub
lished). The results show a decline for all four persistent 

OC groups at 8 locations. Interestingly the rwo most 
easterly locations, Pangnirtung and Ungava Bay, show low 
annual percent declines for 1CHL and 1HCH and small 
increases for 1PCBI0 and :£DDT. Ringed seals from 
Holman had comparable rates of decline of :£PCB I 0 and 
:£DDT in the 1970s and '80s to those from lkpiarjuk/ 
Tununirusiq. Neither location had a significant decline 
of:£PCBI0 during the 1990s wh ile the annual decline 
of1DDT at Holman (0 .9%) was much less than at 
lkpiarjuk/Tununirusiq (-1.8%) . 1CHL and 1HCH also 
had different trends at Holman (negligible decline or 

Figure 3. Average percent annual declines or increases of I PCB, I DDT, I CHL, and IHCH in female ringed seal blubber 
from 10 locations in the Canadian Arctic. Locations are arranged longitudinally from west to east. Bars represent 
% decline calculated by expressing the difference in concentrations between sampling years as a percentage 

and dividing by the number of years. Not all declines or increases shown are statistically significant 
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actual increases) compared ro other locations incl ud ing 
nearby Sachs Harbour (F igure 2). T he uncertainties in 
the estimation of the annual % decl ines were not inves

tigated in this preliminary assessment of the data but they 
are probably similar to the relative standard deviations of 
the mean concentrations, i.e. in the range of 30-100%. 
Therefore the annual % declines reported in Figure 3 
should be used with caution. 

Addison and Smith (1998) fou nd a 3-fold decl ine fo r 
LDDT at Holman between 1972 and 1991, which is in 
general agreement with resu lts from Ausuittuq and 
lkpiarjuk/Tununirusiq. In the case of PCBs, there are 
greater uncertainties in the trends from 1972- 198 1 at 
Holman because archived samples are not avai lable from 
1972 and analytical methodologies have changed (packed 
columns ro capillary GC columns), nevertheless, through 
reanalysis of 1981 samples by both packed column and 
capillary column GC, the authors have been ab le ro 
compare results over the 18-year period. In the present 
case, the results from 1972 from Ausuittuq consist of 
samples analysed by capillary GC with ECD detection on 
60 m 5% phenylmethyl silicone bonded columns 
(0.25 µm film thickness) with auromated split-splitless 
injection system and are therefore comparable ro present 
day analyses. 

Stern and Addiso n ( I 999) conducted a temporal trend 
study o n PC Bs and o ther PO Ps in beluga from 
C umberland Sound usi ng archived blubber for 4 sampling 
t imes from the mid- l 980s ro late 1990s. Their res ul ts 
showed a small bu t sign ificant decline in PC Bs, DDT 

group and a- H C H , bu t no ne for 13- and -y-H C H over 
the 15-year period (Stern and Addison, 1999). T he seals, 
collected from the same area (Pa ngnirtung) do not show 

a significant decline fo r PC Bs, DDT or H C H isomers. 
T hese res ul ts illustrate di ffe rences due ro species feeding 
behavior and migrato ry pa ttern . T he adul t ringed sea ls 
are more li kely fu ll-time residents of C umberland Sound 
whi le the bel uga are migrarory, spending winter in off
shore ice of Baffin Bay and the Davis Strait. 

Mercury 
Results fo r both male and fe male ringed seals were used 

for Hg in liver because Analysis of Covariance showed no 
effect of ge nder of the an imals o n H g concentratio ns. 
Concentrations of Hg in liver of ringed seals from 8 loca
tions are shown in Figure 4. Res ul ts fo r Q uaqtaq and 
Kangiqsuj uaq in N unavik were combined as a "Hudson 
Strait" group as discussed fo r the OCs. Hg concentratio ns 
ranged widely in ad ul t sea ls and we re hi ghly skewed; 
however, log transformatio n reduced skewness and yielded 
norma lly distr ibu ted data. To fu rther improve th e 

Figure 4. Temporal trends of mercury in ringed seal liver from 8 locations in the Canadian Arctic. Bars are 
geometric mean concentrations (µg-g·• wet weight) + upper 95% confidence intervals 
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com parison among years, only the 5-15 year age class was 
selected where possible {all data except Mittimatalik/Pond 

lnl ec I 976). 

Temporal trends of Hg in ringed seal liver varied widely 

among locations. Hg increased 3x in seals at Pond Inlet 

from 1976 to 2000; and 2x in Hudson Strait and 2.5x at 
Holman during the 1990s. Arithmetic mean concentra

tions of mercury in adult seals from Pond Inlet (2000) 

were 3-fold higher than results reported by Sm ith and 
Armstrong { 1978) for the same average aged animals. This 

d ifference was statistically significant (p < 0.05), however, 

the assumption chat the data are normally distributed may 
not be correct. The raw data from the Mittimatalik 

samples of I 976 are not avai lable {L.Lockhart, personal 

commun ication) and therefore there will always be great 

uncertainty in the conclusion regarding che size of the 

increase. On the other hand, the two groups of seals were 

comparable in age, which is an important co-variate for 

mercury in ad ult seals. Also, rhe mercury measurements 

in sea l tissues h ave been conducted using the same 

analytical methodology {cold vapor atomic absorption 

spectroscopy), therefore analytical differences are not 

likely to be an iss ue. Results for Arviat and Pangnirtung 

could not be compared with previous data as there are no 

published results to our knowledge. Hg concentrations 

decl ined by I. 5-2x at Resolute, Ungava Bay and Sachs 

Harbour during the 1990s. Significant year co year varia

tion has been observed at several sites, e.g. at Ungava 

1989 and 1990 (Figure 4) and at Holman {Fisk et al., 

2003), wh ich suggests chat ringed seals can vary annually 

in H g levels in liver. 

Table 2. Mean and range of methyl mercury 
concentrations (µg-g ' ww), and fraction of total mercury, 
in seal liver from 4 locations in the Canadian Arctic 
Location N Methyl Hg % of total Hg 

µg,g 1 WW 

Arctic Bay mean 0.79 4.9 

min 0.24 J.l 

max 1.43 9.6 

Resolute mean 8 0.30 13.8 

min 0.04 0.6 

max 0.53 26.1 

Sachs Harb mean 10 0.48 115 

min 0.11 0.9 

max 1.00 30.0 

Arviat mean 0.44 7.8 

min 0.17 1.2 

max 0.75 21.3 

D. Mu ir and M. Kwan 

A further illustration of the complexity of the Hg tempo
ral information comes from the work on seabird eggs from 

Prince Leopold Island in Lancaster Sound. Braune et al. 

(200 I) found a significant, approximately two-fold, 

increase in Hg in chick-billed murre eggs, a 50% increase 

in northern fulmar eggs and no significant increase in 

black-legged kittiwake eggs over approximately the same 

period as several of the ringed seal populations in this 

study. The explanation for this may be chat kittiwakes 

overwinter at lower latitudes while che murres and fulmars 

overwinter in northern waters that may nor have experi

enced a decline in Hg. The results for eggs of northern 

resident seabirds are in accord with che increasing Hg 
result for ringed seal liver from Mittimacalik. Results for 

ringed seals from Avanersuaq in northwest Greenland also 

show a significant increase in mercury from 1984 to 1998 
{Riget, 2002). However, ringed seals from Qausuitcuq, 

which feed in the same area as the seabirds, showed 

declining trends. 

Methyl mercury 
Concentrations of methyl Hg in ringed seal liver were 

examined at 4 locations {Table 2). Methyl Hg concentra

tions were in the low or sub µg·g I range at all locations. 

These values represented from 0.6 to 30% of total 

mercury in seal liver. These results are in agreement with 

those of Wagemann et al. (1997) who found chat about 

5% of mercury in liver and 20% in kidney was in the 

form of organic mercury, probably methyl mercury. 

Conclusions 
I. Significant declines ofIPCBI0 and IDDT were seen 

in female ringed seals from 7 of 9 locations in the 

Canadian Arctic. 

2. There was a shift to more recalcitrant residues, i.e. 

p,p' -ODE and CB l 53 reAeccing older "weathered" or 

degraded sources at all locations. 

3. These results for 9 locations agree with observations 
in ringed seals at Holman {Addison and Smith, 1998), 

however, they also demonstrate chat there is regional 

variation in temporal trends of POPs. 

4. IHCH and ::i'.CHL concentrations in seals showed 

greater annual % declines {up to 6% per year) than 

PCBs and IDDT at some locations. 

5. Expressed as annual % declines, the results suggest 

LOOT and PCBs are presently declining at 1-5% per 

year at the 7 locations. However, 2 eastern Arctic 

locations (Pangnirtung and Ungava Bay) show no 

significant trend. These results suggest chat there are 
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regional differences in temporal trends of pe rsistent 
organochlorines possibly because of exposure to dif
ferent water masses (e.g. Atl antic Ocean infl uence in 
the eastern Arctic) and to differences in atmosp heric 
deposition between the eastern and western Arctic. 

6. During the I 990s/early 2000s, mercury concentra
tions increased from two- to three-fold at 3 loca tions, 
declined by l.5-2x at 3 locations and showed no 
change at two others. Therefore, it appears that there 
is no clear increasing trend of mercury in ringed seals 
in the Canadian Arctic. 

7 . The observation of both increases and decl ines in 
mercury in seal liver indicates chat discern ing short 
term trends in mercury in this species is difficu lt. The 
results point to the need for increased freque ncy of 
sampling for mercury trends. 

8. Methyl mercury concentrations in sea l liver were 
generally a small fraction of total mercury in the same 
samples (0 .6 to 30%). The reason for the variation in 
% methyl mercury among ind ividua l animals is 
unknown. 
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Abstract 

Heavy Metal Trends in Yukon Caribou, 
Over 6500 Years, Using Teeth Recovered 

from a Melting Ice Field 
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the Environment, Yukon Government; Yukon Heritage; and adjunct, 
Geological Survey of Canada. 

Objectives 
The transport of heavy metals to the North appears to be 
increasing, but the available temporal databases available 
are limited in their range. In the Yukon, mountain ice fields 

have began melting and revealing large numbers of human 
artifacts and fauna! remains. These sites were sampled by 
the Yukon Governmem and dated to 8000 ybp . The 
materials recovered included quamities of caribou 
mandibles and teeth summer, which range in age from 

310 to 6320 ybp. The analysis of carbon and nitrogen 
isotopes, and metal concentrations, is in progress. 

I. To determine the historical levels of heavy metals, such 

as cadmium, in the tissues of ca ribou through exami
nation of recently discovered fossi l teeth. 

2. Compare this historical record with modern teeth 
from extant herds in the same geograph ic region , to 
develop a long-term trend for heavy metal transport 

and bioaccumulation in car ibou in the southwest 
Yukon. 

Key Project Message 
It is important to determine the trend in metal transport 
imo the North. 
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Introduction 
The transport of heavy metals to the North appea rs to be 
increasing, mostly through the ana lysis of sediment cores. 
To what extent anthropogenic sources have increased o r 
if changes in global climate a re ge nerati ng increased 

P. Roach , P. Outridge and R. Farnell 



Figure 1. Carbon dating for Yukon caribou teeth 
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transport of metals is unclear. The northern temporal 
databases available are often limited to ten years or less. 
Recently, mountain ice fields in rhe Yukon have been 
melting and revealing large areas of caribou, other faunal 
remains, and human artifacrs (Kuzyk er al., 1999). The 
ice fields were summer refuge areas for caribou in historic 
rimes, and were occupied seasonally over thousands of 
years. The Yukon Government's Renewable Resources 
program formed the Ice Parch Research Group to examine 
rhese sires. Recently, the Yukon Northern Contaminants 
Program has joined this Group and obtained rh e samples 
for this current project. 

Dating has determined rhar the areas were occupied from 
8000 ybp ro I 60 ybp (R. Farnell, unpublished data). The 
recovered ca ribou remai ns included quantities of man

dibles and teeth, which can be both aged and used for the 
analysis of metal exposure through diet. These teeth offer 
an opportunity to measure trend for metals transported 
into the Yukon, from the pre-industrial era to present. 

Activities 

In 2001 - 2002 
Twenty-seven reerh (17 ancient, 10 modern) have been 
collected. Ca rbon daring of the teeth has been completed, 
yielding a chro nology of from 3 10 ro 6320 ybp . The 

P. Roach, P. 0utridge and R. Farnell 

results for metal analysis and the carbon and nitrogen 
isotopes are still in progress. A trend chart showing heavy 
metal bioaccumulation rates for Yukon caribou, through 
the mid to late Holocene, will be generated after reception 
of these results. Carbon and nitrogen isotopes will be 
analyzed by MS and will provide a check on rhe potential 
for changes in diet to have influenced the intake of metals 
over time. These methods will be similar to those 
previously employed to determine geologic versus anthro
pogenic sources in marine mammals (Outridge er al., 
1997, 2000). 

Results and Discussion 
The analysis of samples, from this natural archive, will 
improve our understanding of the temporal trends for 
metal deposition in the Yukon. The metals analysis of rhe 
historical and modern samples, coupled wirh the carbon 
and nitrogen isotopes, will allow us to chart rhe trend in 
heavy metal bioaccumularion in caribou going back to 
rhe mid-Holocene. Recent research in rhe Yukon has 
produced a palaeoclimaric record for rhis period of the 
Holocene (Picnitz et al., 2000), which will allow us to 
compare the carbon and nitrogen isotope data from the 
faunal samples, with the reported climate. The metal 
trends, coupled with the climatic data, may provide 
direction for local climate change research. 
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Project Completion Date 
This project is robe completed in the fall of 2003 . 
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Pat Roach, Department of Indian Affairs & Northern Development, 
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Winnipeg, MB. 

Abstract 
Forty caribou kidneys from seven Yukon herds were ana
lyzed for 26 elements. Concentrations of renal arsenic, 
copper, lead, mercury, selenium and zinc should be 
considered normal, background levels. None of these 
elements occurred at levels at which toxicological effects 
in rhe caribou would be expected. Renal cadmium con
centrations in Porcupine caribou were not significantly 
affected by year, indicating a stable situation with respect 
to cadmium dynamics in that environment. The barren
ground caribou in this study had concentrations of renal 
cadmium similar to other Arctic barren-ground caribou, 
while the woodland caribou tend to be much more 
variab le. This may be attributable to differences in dietary 

habits between rhe two subspecies. There is potential for 
older ca ri bou in some Yukon herds to be at risk of renal 

dysfunction due to high renal cadmium. Health Canada 
has recommended limiting consumption of caribou 
kidneys based on previously collected data. 

Key Project Messages 
I. Most elements measu red in caribou kidneys were at 

norma l background levels, and are stable over time. 

P. Roach 

2. Some Yukon caribou herds have high levels of cadmium 
in their kidneys. This cadmium is likely from natural 
mineralizations rather than industrial pollution. 

Objectives 
I. To investigate the fate and effects of contaminant 

deposition and transport to the Yukon, allowing 
Northerners to better manage the issue of contaminants. 

2. To determine levels of contaminants for use in long
term trend monitoring. 

3. To provide additional information for use in updating 
health advisories. 

Introduction 
The issue of contaminants in traditional foods is an 

ongoing concern for the many Yukoners that use fish and 
wildlife as a food source. Over the last 10 years the Yukon 
Contaminants Committee (YCC) has studied contan1inants 

in traditional foods throughout the Territory. While this 
research has, in large part, provided confidence that Yukon 
traditional foods are safe and healthy food choices, it has 
also given rise to two health advisories: one on fish from 

Lake Laberge and Atlin Lake for toxaphene, and one on 
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kidney and liver from wild game, incl ud ing moose and 
caribou, for cadmium. I r is one of the goa ls of YCC to 
continue to monitor contam inan ts in Yuko n trad itio nal 

foods to ma intain public confidence in these food sources, 
co determine if contaminant concentrations are changing 
over rime, and to determine if there are local 'hot spots' fo r 
conraminanrs of concern. 

Burbor and lake trout have been selected as the two fresh
water fis h ind icator species fo r contaminants in rhe Yukon. 
T hese fish are com monly used as traditional foods and have 
been extremely important as a long-term wi ndow fo r 
producing relevant information for consumers. Kusawa and 
Quiet Lakes have been selected as sampling sires fo r burbor 
and trout. These lakes have been sampled in the past and 

can sustain a yearly sampling protocol, making them excel
lent choices for temporal trend monitoring in these fis h. 

Although previous data indicate low levels of PO Ps in 
salmon, the 1998 CINE Dietary Study recommends rhar 
toxaphene and chlordane levels in all species of sa lmon 
and trout consumed by Yukon First Nations be monitored 
over rime to ensure they do nor rise above cu rrent levels. 
These food species are co nsumed often an d a small 
increase in contaminant concenrrarion would resul t in 

significant increase in exposure levels in rhe popu latio n. 
Tolerable daily intakes are already exceeded in some 
instances. Salmon, therefore, will also be monitored for 
contaminants on an ongoing basis. 

Moose and caribou are the most commonly used terrestrial 
traditional foods in the Yukon. A small cost-effective annual 
hunter collection program of caribou and moose kidneys, 
liver, and muscle tissue, has been carried out since 1993 
through YCC. Samples have been analyzed for metals, and 
duplicate samples arch ived fo r possible fu ture analysis. Th is 
year the focus for analysis was on caribou to compare to 
previous years and th us mon itor possible tempo ral trends 
in contaminants. 

Activities 

In 2000-2001 
Results of the fish sampl ing program are nor avai lab le at 
this time. 

The hunter survey program rece ived sa m ples from 
90 moose, 34 car ibou and o ne mul e dee r fro m the 
200 I hunting season. All moose and deer samples, as well 
as the ca ribou liver and muscle samples were archi ved fo r 
potential future co n tamin an t analys is. In o rd er ro 
complete the sam ple of 40 caribou kid neys targeted fo r 
this project, 6 kid neys were added fro m the tissue arch ive. 
Because of the opportun istic nature of the hun ter survey, 
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it was not poss ible to ta rget o ne ca ribo u herd o nly. 
Considerable effort was made to so li cit samples from th e 
Finlayson ca rib o u herd , which had bee n sampled 
ex tensively in 1992 and aga in in 1993 . However, th e 
population of this herd is now declining, licensed hunting 
has been reduced to a permit hunt and th e loca l First 
Nation has voluntarily redu ced irs harvest. As a result , 
only one sample was received from this herd. In total the 
sa mple of 40 caribou kidneys covers 7 herds, on ly one of 
which has a sample size > 3 . Fortu nately, we received the 
greatest number of kidneys ( 17) from the Porcupine herd , 
for which we have reasonable sample sizes on an annual 
bas is dat ing from 199 1. T his makes it an excell ent herd 
to examine tempo ral trends in conta min ants. 

Al l caribou kidn eys were analyzed fo r a suite of 26 ele
ments by Elemental Research Inc., Vancouver, BC, by the 
induct ively co u p led plas ma with mass spectrosco py 
technique (ICP-MS) . Results fo r all elements analyzed are 
avai lable in Gam berg (2002), but onl y rh e fo ll owi ng 
elements of interest will be d iscussed in this repo rt: 
arse ni c, cadmium , copper, lead, mercury, sel enium and 

zinc. Results are expressed on a dry weight basis. Remain
ing homogenate was archived for potential future analysis. 
Each caribou fo r which a too th was submitted was aged 
using the cementu m technique. T he effect of age and year 
were determi ned using Po rcupi ne ca ribou data collected 

through this program since 199 1 fo r all elements except 
arsenic, lead and selenium. Fo r th ese elements, different 

analytical techniqu es befo re 1994 resulted in detection 
li mits grea ter than meas ured va lues in later yea rs. 
Acco rdingly, on ly data fro m 1994-200 I were used in the 
statistical analysis of these three elements. 

Results 
There was littl e va ri ati o n in renal a rseni c and copper 
measured in this study (Table I). Kid ney samples from the 

Finlayson and Ca rcross caribo u were notably higher in 
cadmi um than samples fro m other herds, al though low 
sample sizes precl uded statistical analysis of this di ffe rence 
(Figure I). Renal lead concentra tions were generally low 

and usually less than 0.50 g-g 1
• Exceptions to this included 

two Porcupine caribou with 0.63 and 1.22 g·g I lead in 
their kid neys. Renal mercury concentrat ions varied an1ong 

herds, and although sample sizes were too low to allow the 
statistical comparisons of ca ribou herds, Figure 2 suggests 
that some herds (Carcross, Finlayson and Little Rancheria 
in particular) may have higher mercury concentrations than 
others. This pattern is supported by previously coll ected 
data that indicate average renal mercury levels of 4.1 8, 3.36 
and 2.48 g-g I respectively fo r the Ca rcross, Finlayson and 
Little Rancheri a cari bo u herds (Ga mberg, 2000). 
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Table 1. Average renal concentrations (g-g 1 dry weight) 
of elements in Yukon caribou from the 2001 collection. 
Effects of age of caribou and year of collection on renal 
concentrations within the Porcupine caribou herd are 
expressed as NS (non-significant), + (positive) or 
- (negative) at a significance level of ex = 0.05 

Effect Effect 
Element Average Range of Age of Year 

Arse nic 0.34 0.21-0.64 NS NS 

Cadmiu m 54 10-381 + NS 

Copper 23.5 18.2-3 1.1 NS NS 

Lead 0.2 0.06-1.22 + NS 

Mercury 1.96 0.86-6.48 + 
Selenium 1.6 3.1-6.9 NS + 
Zinc 115 85-181 + NS 

Figure 1. Renal cadmium concentrations in seven Yukon 
caribou herds. Samples collected in 2000 and 
2001 
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Figure 2. Renal mercury concentrations in seven Yukon 
caribou herds. Samples collected in 2000 and 
2001 
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Discussion and Conclusions 
Concentrations of renal arsenic, copper, lead, selenium and 
zinc are similar to those found in caribou from Northwest 
Territories (Elkin and Bethke, 1995) and should be 
considered normal, background levels. Although there were 
significant positive relationships between age and renal lead, 
mercury and zinc in the Porcupine caribou, the absolute 
increases in each element from age 0 (fetus) to 11 were 
siight and of little toxicological significance. le should be 
noted chat even the highest lead concentrations found in 
this study were well below the threshold level of 80 g-g- 1 

that is thought to be indicative of lead poisoning 
(Scheuhammer, 1991) . It is questionable whether the 
positive relationship between year of collection and renal 
selenium is an actual trend . The absolute change in 
selenium was slight and the significance level was not high 
(r = 0.13; p = 0.04). Continuing research may confirm or 
refute this apparent trend . 

All mercury concentrations found in this study were low 
relative to chose found in caribou from the Northwest 
Territories (Elkin and Bethke, 1995) , and the highest 
mercury level measured in this study, (6.48 g-g- 1 dry 
weight or 1.3 g-g- 1 wet weight in a Carcross caribou) is 
far below the threshold level of 30 g·g 1 wet weight cited 
by Scheuhammer ( 1991 ) at which neurological effects 
might be expected co occur. Braune et al. (1991) suggested 
chat high mercury levels in the Canadian Arctic reflect 
naturally occurring geological sources rather than indus
trial pollution. Mercury levels found in this study should 
be considered natural background levels. Although year 
was negatively correlated with mercury in the Porcupine 
caribou, if the notably higher 1991 data are removed , 
there is no significant correlation between renal mercury 
and year. It is unclear why the 1991 data are higher than 
the ensuing years, but it seems likely that mercury levels 
in rhe Po rcupine caribou are relatively stable over time. 

The relationship between renal cadmium and age has been 
extensively described in the literature (Crete et al., 1989; 
Gamberg and Scheuhammer, 1994), and has been seen 
in previous work of this type in the Yukon (Gamberg, 
1993, 1997, 1998, 1999, 2000, 2001). It is important to 
consider age as a factor when comparing cadmium levels 
among herds or species. Renal cadmium concenrrations 
in Porcupine caribou were not significantly affected by 
year, indicating a stable situation with respect to cadmium 

dynamics in rhar environment. 
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The barren-ground caribou in th is study (Porcup ine herd) 
had concentrations of renal cadmium sim ilar ro those 

found in five barren-ground herds studied in the Northwest 
Terrirories (Elkin and Bethke, 1995) . The wood land 
caribou (all the other Yukon herds) tend to be much more 

variable in cadmium levels (Figure 1 ). T hi s may be 
attributable to differences in dietary habits between the two 
subspecies. Barren-ground caribou feed mainly on lichen, 
which absorb contaminants along with necessary nutrients 

from the air. Having no root system, lichens do not absorb 
anything from the soil on which they grow. Arctic lichens 
are blanketed with low concentrations of cadmium brought 

to the north by long-range transport via large air masses. 
In the absence of local point sources of airborne cadmium, 

this is virtually the only route of cadmium contamination 
for barren-ground caribou, and it tends to be fairly 

consistent across che Arctic. 

Woodland caribou habitat is much more wooded than the 

tundra preferred by barren-ground caribou. Woodland 
caribou are also less migratory, inhabiting a much smaller 

home range. They feed on lichens, but also have a variery 
of browse available to them in their wooded habitat. One 
of the preferred species of browse is willow (Salix sp.), 

which absorbs cadmium very effectively from the soil in 
which it grows (Crowder, 1991) . Woodland caribou 
inhabiting a home range naturally high in cadmium, then, 

would be exposed to much higher levels of cadmium over 
their lifetime rhan barren-ground caribou feeding primarily 

on lichen. Conversely, woodland caribou inhabiting an area 
low in natural cadmium would have far less of this 

particular contaminant accumulating in their organs . 

Although average renal cadmium for all herds measu red 
in this study is well below the critical threshold value 
(400-800 g-g- 1 dry we ight) at wh ich re nal tub ul e 

dysfunction has been shown to occur (Kjel lstrom, 1986), 
one Finlayson caribou did have renal cadmium (381 g-g- 1

) 

approaching the critical range. This ind icates potential 
for older caribou in some Yukon herds to be at risk of 

renal dysfunction due to high renal cadmium. 

Health Canada has recommended limiting consumption 
of caribou kidneys based on previously collected data. 
Because cadmium levels have not changed over time, the 

recommendations should still be relevant. 

Expected Completion Date 
The caribou portion of th is project has been completed. 
Fish results are expected February 2003 . 
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Abstract 
Beaver and muskrat meat are an important part of the 
diet of the Gwich'in people in the Mackenzie Delta 
region of the Northwest Territories. In 2001, beaver and 
muskrat samples were collected by local trappers, and 
analysis was completed to determine levels of organo
chlorines and heavy metals. For organochlorine analysis, 
beaver and muskrat liver samples were pooled by species, 
sex and location. PCBs, DDT and chlordane levels were 
very low and well below available guideline levels. 
Chlorobenzene, mirex, heptachlor and toxaphene were 
below detection limits. Beaver and muskrat muscle, liver 
and kidney were analyzed for heavy metals . Levels of 
metals in beaver and muskrat meat were very low or 
considered normal for terrestrial wildlife. Levels of 
cadmium in beaver liver (10.32 µ,gig d .w.) and kidney 
(55.46 µ,gig d.w.) were comparable with those found in 
Fort Resolution (liver= 6.6 µ,gig d.w.) (Kennedy, 1999) 
and the Yukon (liver = 12.94 µ,gig d.w., kidney = 

95.12 µ,gig d.w.) (Gamberg, 2000) . As beaver liver and 
kidney are not consumed by residents of the GSA, a 
healrh assessment was not necessary fo r these organs 
(Snowshoe, 2002, pers. comm.). The key message for 
residents of the Gwich'in Settlement Area is that beaver 
and muskrat meat are safe to eat and ca n continue to 
form part of the traditional diet. 
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Key Project Messages 
I. Beaver and muskrat meat are safe to eat. 

2. Beaver livers and kidneys have levels of cadmium 
which reflect natural background levels and are con
sistent with other terrestrial wi ldlife leve ls. 
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Photo 1. Norman Snowshoe, GTC 

Objectives 
I. To determin e the presence and quanti ty of contami

nants in country foods consum ed in the Gwich' in 
Settlement Area (GSA) . 

2. To measure rhe uptake of metals and organochlorines 
into beave r and muskra t o f the Mackenz ie Ri ver 
Delta. 

3. T o identify potential heal th risks to Gwich' in consum
ing beaver and muskrat. 

4. To identi fy potenti al heal th pro blems in wildli fe 
populations. 

5. T o train communi ty members in enviro nmental 

sa mpling. 

6. To develop baseline data o n contaminant levels 1n 
muskrat and beaver in the Mackenzie Delta. 

7. T o compare data with similar studies completed, e.g. 
Slave River D el ta . 

Introduction 
Muskrat and beaver are consumed by Gwich' in residents 

in the Mackenzie Delta area as a staple of their spring and 
summer di et. The consumers reported eat ing both beaver 
and muskra t fo r 0.4 day/week, and I 4% and 18% 
reported th at they consumed beaver meat and muskrat 
meat, respectively (Receveur et al. , 1996). O nly one other 
study has been completed o n beaver and muskrat in the 
Nwr, raking place in 1998 in the Slave River Delta near 
Fort Resolutio n at the so uthern end of the Mackenzie 
Bas in (Kennedy, 1999) . One of the objecti ves of the 
present srudy is to ga ther data at th e north end of the 

N. Snowshoe 

Mackenzie River Basin , around lnuvik and Aklavik. T he 
results of the present study will provide a snapshot at 
either end of the basin. A,; there has never been any work 
of this natu re in rhe Mackenzie River D elea, the study 
also provides important baseline data fo r the region, as 
wel l as reAecting the im po rtance of beaver and muskrat 
in the diet of th e Gwich' in people. 

Activities 

In 2001-2002 
Sampling locations were selected in areas regularly trapped 
fo r beaver and muskrat. These were determined through 
meetings with rhe N ih tat, Terlir and Ehdiitat Gwich'in 
Renewable Resource Councils. 

Between May 30 and June 15, 2001, trappers from the 
Gwich'in Settlement Area harvested 27 beavers and 
12 muskrats for th is study. The whole animal was collected 
and later dissected in lnuvik. The date of collection was 
recorded along with the name of the trapper, the species 
co llected, the sex of the animal and the approximate age 
of the animal (juvenile or adult). Samples were taken from 
both the east and west side of the Mackenzie River. 
Approximate sampling locations are presented in the 
fo llowing map. 

Norman Snowshoe (Gwich' in Tribal Council) and Alan 
Ehrlich (DIANO) worked with Liz Gordon (GNWT), John 

Lucas Jr. (GNWT) and Dennis Thompson (local hunter and 
trapper) , to measure, weigh and skin the animals. The livers 

and left and right kidneys were also weighed. It was noted 
that some body measurements were estimated as the head or 
rail of the animal was occasionally missing. Muscle, liver and 
kidney samples were sent for contaminants analysis. In 

Photo 2. Norman Snowshoe (GTC), John Lucas Jr. (GNWT) 
and Liz Gordon (GNWT) 
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Figure 1. Beaver & muskrat sample locations 
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Photo 3. Norman Snowshoe (GTC) and Dennis Thompson 
(trapper) 

addition, the lower jaw, stomach contents and a fat sample 
were collected. Sample processing rook place at the GNWT 

Department of Resources, Wildlife and Economic Develop
ment laboratory in Inuvik. 

Liver samples from 14 beavers and 12 muskrats were sent to 

Laurie Chan at Centre for Indigenous Peoples' Nutri tion 
and Environment (CINE) laboratory at McG ill Universiry 

in Montreal fo r organoch lorine analysis by GC-Mass 
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Photo 4. Dissected muskrat 

Spectrometer (these were pooled in to 7 san1ples according 
to sex and collection location). T he following were analyzed: 

total PCBs (the sum of 5 1 congeners) and chlorinated 
pesticides (chlorobenzene (CBZ), hexachlorocyclohexane 

(H C H ), heptachlo r epox ide (H E) , chlo rdane (CHL), 
d ichloro-d iphenyl-crichlo roethane (D DT ) and mirex 

(MIR)). As muscle can be reasonably expected robe lower 

in organochlorines than liver, it was decided that it would 
not be analyzed if the liver results were low. Strict quali ty 

control measures were buil t into all the analyses. 

M uscle, liver and kidney samples were sent to T aiga Envi

ro nmental Laboratory in Yell owkni fe fo r metals analys is 
fo r arsenic (As), cadm ium (Cd), ch ro mium (Cr), cobalt 

(Co), copper (Cu), iro n (Fe), lead (Pb), manganese (M n), 
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nickel (Ni) and zinc (Zn) by JCP-Mass Spectrometer. Ten 
muscle, ten liver and ten kidney samples were analyzed 
fo r both beavers and muskrats. 

M uscle, li ver, kidney and tail samples were also archived 
in lnuvik if required for further analysis in the future. 

In the lab, MI molars were removed from each beaver 
and muskrat and sent to Marson's Laboratory in Montana 
for cementum analysis to age the animals. 

All laboratory analysis was completed by March 2002. 

Results 
All beaver and muskrat samples were cementum-aged by 
analyzing a vertical section of the M 1 molar for growth 
patterns. All muskrats were aged one year or less. The ages 
of beavers varied between one and five years, with an 
average age of approximately three years. Differences in 
ages of beavers between rhe east and west side of the 
Mackenzie River were not evident. 

Organochlorines 
Levels of total PCBs (the sum of 51 congeners) and 
ch lorinated pesticides (chlorobenzene, hexachlorocyclo
hexane (HCH), heprachlor epoxide, chlordane, dichloro
d iphenyl-tt ichloroerhane (DDT), mirex and toxaphene) 
were determined. These results are presented in Table 1. 

Also included for comparison are gu ideline levels used by 
Health Canada. 

Liver samples were pooled by species, sex and location, 
fo r a coral of seven pools. Since organochlorines were only 

detected at low levels in the Slave Delta study, research 
interests were satisfied by analyzing fewer samples and by 
pool ing samples . The results showed very small amounts 
of organochlorine contaminants, with the majority of the 
results below rhe 0.1 ng/g (ppb) wet weight detection 
limit (see Table 1). 

Total PCBs were detected in only three of the seven pools 
analyzed. The highest concentration was approximately 
20 ng/g, which is about 100 rimes below Health Canada 
guidelines for human consumption. DDT levels were over 
200 rimes below Health Canada guidelines for human 
consumption. The only other pesticides detected in some 
pools were chlordane and HCH, and all were below levels 
considered normal for any food purchased in a store 
(Kennedy, 1999). Chlorobenzene, mirex, heptachlor 
epoxide and toxaphene were below detection levels in all 
samples analyzed. 

As with the beaver and muskrat study which cook place 
in the Slave River Delta, there were no clear differences 
between species, sex or location (Kennedy, 1999). Results 
are quite similar to rhe Slave River Delta sires with results 
well below guideline level. Results are also similar to a 
study of beaver and muskrat in the Yukon, with very low 
levels found in liver (Gamberg, 2000). 

Following his analysis, Or. Laurie Chan of CINE stated 
the following: "all organochlorine data are relatively low 
and should nor pose any health concern for people con
suming them [beavers and muskrats]". This statement was 
very simi lar ro that made in the Slave River Delta study 
(Kennedy, 1999). 

Table 1: Data summary of organochlorines in beaver and muskrat liver in the Gwich'in Settlement Area (ng/g or ppb wet 
weight) 

West side of Mackenzie River East side of Mackenzie River 

Beaver Muskrat Beaver Muskrat 

Organochlorine* Males Females Unknown Males Females Males Females Guideline level** 

Total PCB nd nd 1.14* 6.09 20.26 nd nd 2000 

DDT 17.27 8.82 18.88* 13.19 10.67 23.77 4.22 5000 

Chlordane 2.78 1.12 4.39* 1.93 0.79 2.14 nd not available 

HCH nd nd nd nd 8.14 nd 0.47 not available 

Chlorobenzene nd nd nd nd nd nd nd 300 

Mirex nd nd nd nd nd nd nd 100 

Heptach lor nd nd nd nd nd nd nd not available 

Toxaphene nd nd nd nd nd nd nd not availab le 

*Detection limit for all organochlorines is 0.1 ng/g 

.. Guidelines provided by CINE (originally provided to CINE by Health Canada) 

nd = not detected 
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Based o n che low or undetectable results of d iox ins and Levels of iron and zinc are natural ly quite variable, and the 

furans in che Slave River Delea study, these organochlorines results are considered normal (Elkin, 2002, pers. co mm.) . 

were not reseed in che present study. Levels of arsenic, chromium, cobalt, lead, manganese and 
nickel were very low in all sa mples . These results were 

Heavy Metals si milar to the Slave River Del ea results (Kennedy, 1999), 

Muscle, liver and kidney in beavers and muskrats were as well as the resul ts from a study of Yuko n beaver and 

analyzed for heavy metals (As, Cd, Cr, Co, Cu, Fe, Pb, Mn, muskrat (Gamberg, 2000). Levels of copper in the samples 

Ni, Zn). These results are presented in Table 2. T he metal were also with in che same range as boch chese stud ies. 

levels in tissues were generally low and representative of Cadm ium levels in muskrat m uscle, livers and kid neys 
natural backgro und levels (Elkin, 2002, pers. co mm. ). were quite low, and sometim es undetectab le. T hese res ults 
There were no sign ificant d ifferences between che mea ns mirrored che Slave River Del ea data (Kennedy, 1999) and 
of the san1ples taken ease of the Mackenzie River, compared the Yuko n data (Ga mberg, 2000). As with muskra t 
to chose taken west of che river. muscle, cadmium in beaver m uscle was not dececced. T his 

Table 2. Mean concentrations of metals in beaver and muskrat in the Gwich'in Settlement Area (µg/g or ppm dry weight) 

As Cd Cr Co Cu Fe Pb Mn Ni Zn 

[0.5] [0.1] [0.3] [0.1] [0. 2] [3] [0 .1] [0 .1] [0 .1] [10] 

Beaver muscle (n = 10) 

Mean 0.83 nd 0.33 nd 5.78 300.1 nd 0.98 nd 161.2 

Standard deviation 112 90.81 0.74 5119 

Percent detection 50% 10% 100% 100% 100% 100% 

Beaver liver (n = 10) 

Mean 0.78 10.32 0.54 0.1 2 14.75 1244.4 0.33 13.02 0.21 152.6 

Standard deviation 0.31 5.88 2.3 1 336.12 0. 17 7.05 38.7 1 

Percent detection 60% 100% 50% 20% 100% 100% 100% 100% 10% 100% 
Beaver kidney (n = 10) 

Mean 0.86 55.46 0.52 0.16 16.89 319.4 0.35 9.12 0.14 180.8 
Standard deviation 0.49 33.76 0.35 2.58 62.91 2.28 60 .22 
Percent detection 60% 100% 60% 40% 100% 100% 30% 100% 20% 100% 

Muskrat muscle (n = 9) 

Mean 0.53 nd 0.87 nd 4. 89 357. 78 nd 1.01 0.34 91.56 
Standard deviation 1.44 186.65 0.56 23.83 
Percent detection 11 % 44% 100% 100% 100% 22% 100% 

Muskrat liver (n = 10) 

Mean 0.62 0.13 0. 05* 0.1 7 11.50 2365 0.11 6.80 0.11 73.70 
Standard deviation 0.05 3.25 616.90 1.95 11.27 
Percent detection 30% 10% 20% 70% 100% 100% 10% 100% 10% 100% 

Muskrat kidney (n = 9) 

Mean 0.64 0.26 0.37* 0.18 10.52 637.78 nd 10.02 0.16 72.89 
Standard deviation 0.39 0.07 175 151.89 10.50 10.40 
Percent detection 22% 22% 67% 67% 100% 100% 100% 33% 100% 

• For these samples the detection limit was O instead of 0.3 

I l number in bracket represents the detection limit for each metal analyzed 

n = the number of samples analyzed 

nd = not detected (results were below the detection limit) 
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resul t is identical to chat of the Slave River Delea study 
(Kennedy, 1999). 

The mean cadmium level in beaver livers was 10.32 µ gig 
dry weight (d.w.). This is slightly higher than the mean level 
of 6.60 µgig d.w. calculated for the Slave River Delea 
(Kennedy, I 999), and lower than the mean level of 
12.94 µgig d.w. calculated for the Yukon study (Gamberg, 
2000). These levels are comparable to other terrestrial wildlife 
and are reflective of local geological condit ions (CACAR, 
1997; Elkin, 2002, pers. comm.). The mean level of cadmium 
in beaver kidneys in the Mackenzie River Delea was 
calculated to be 55.46 µgig. This is about half the amount 
measured in beaver kidneys from the Yukon, which averaged 
95.12 µgig d.w. (Gamberg, 2000). Beaver kidneys were not 
analyzed in the Slave River Delta study therefore compari

sons can not be made. 

There was a positive correlation berween levels of cadmium 
in beaver liver and kidney and the fresh weight of the 
organs and length/s ize of the animal. The correlation 
berween levels of cadmium in beaver organs and the age of 
the animal was established by Kennedy (1999), but was 
not as pronounced in the present study. 

While meta l levels were va ri ab le among animals, the 
co ncentrations in both beaver and muskrat were generally 
below those associated with toxicological effects in differ

ent mammalian species (CEPA, I 994). 

Discussion and Conclusion 
This study involved numerous res idents of the Gwich'in 
Se ttl ement Area, from trappers to lab technicians, to 
Gwich'in Tribal Council staff. By conducting preliminary 
laboratory procedures in lnuvik, several individuals were 
able to gain valuable experience in basic scientific tech

niques. These individuals will also be in an ideal position 
to communicate the results back to Gwich'in residents. 

This study has res ulted in useful baseline data on beaver 
and muskrat in the Mackenzie Delta. It complements both 
the Fort Resolution and Yukon studies. Overall levels in 
the Mackenzie Delta (north end of the Mackenzie Basin) , 

were simi lar to those in Fort Resolution (so uthern end of 
the basin). This informatio n is very valuable to Gwich' in 

residents, and will aid them in making informed decisions 
abo ut their food choi ces. 

It should be emphasized that although liver and kidneys 
of certain land mammals ca n be a very small source of 

cadmium , rhe largest so urce of cadmium to humans is 

cigarette smoke. Smokers have 20 to 30 times hi gher 

N. Snowshoe 

average levels of cadmium in their blood then non
smokers (CACAR, 1997). 

Beaver and muskrat are an excellent source of iron, protein 
and vitami n B (GNWT H SS, 1995). Animals such as 
beaver and muskrat are very nutritious, and an important 

part of a diet including a variery of traditional foods. le is 
also important to remember that hunting and trapping of 
these an imals contributes to social, economic, cultural and 
spi ritual well-being. 
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Abstract 
This research is aimed at documenting and accounting for 
the temporal and spatial trends of mercury and organo
chlorine contaminants in the ecosystem of several Yukon 
lakes with a focus on Lake Laberge. Although there was a 

significant 30% decline in total Hg concentrations (1993 to 
1996) from Laberge lake trout, there is no evidence of 
significant change from 1996 ro 1998 (Figure I) . A 50% 
decline in mercury concentrations was measured in lake 

trout from Kusawa Lake after 1999. A smaller decrease was 
observed in trout from Quiet Lake sometime between 1993 
and 1999. OC concentrations in trout from Kusawa Lake 
have decreased over the three-year period from 1999 to 
2002. No apparent changes or trends in OC levels in lake 

trout from Quiet Lake were observed and levels remain 
significantly lower than those in trout from Kusawa and 
Laberge. Laberge lake trout have displayed a significant 

downward trend in OC levels over the eight-year period 
from I 993 to 2001. Unlike Kusawa, the downward trend 
in the Laberge trout OC levels may, at least in part, be 

342 

attributed ro increases in overall fish populations {since the 
closure of the fishery) offsetting various ecosystem param

eters such as trophic status of prey biota. 

Key Project Messages 
I. Mercury concentrations in lake trout muscle from 

Lake Laberge and Quiet Lake have decreased since th e 
early 1990s with no d istinctive pattern since the 
declines. Kusawa Lake also shows an Hg decli ne 

post-1999. All average {and length adjusted) levels of 
Hg from lake trout muscle from these 3 lakes still 

exceed recommended health guidelines for subs istence 
fisheries (0.20 µgig). 

2. Lake Laberge had the highest mercury concentrations 
in lake trout muscle fo ll owed closely by Kusawa and 
Quiet Lake as of 2002 . 

3. Organochlorines sti ll appear to be decreasing in lake 
trout from Lake Laberge and Kusawa Lake. OC levels in 
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Figure 1. Length adjust (AN COVA) muscle mercury concentrations in lake trout from Kusawa, Laberge and Quiet Lakes 
(1992-2002) 
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Quiet Lake remain relatively unchanged at concentra
tions significantly less than Kusawa and Laberge fish. 

4. Fulton (K) condition factors in Lake Laberge trout 
show a mild pattern of change potentially caused by 

changing fish populations. 

5. Lake Laberge trophic structure has shown little change 
from 1993 ro 2001 with rhe exception of Northern 
pike, Tricopterans and snail s, as characterized by 
stable nitrogen isorope analyses. 

Objectives 
I. To document the temporal and spatial trends of OC 

(orga nochlorines such as PCBs, DDT, toxaphene) and 
Hg (mercury) in fish from Yukon lakes to determine 
whether contam inant levels in the fish and thus 
exposure to people who consume chem, are increasing 

or decreas ing with time. 

2. To determine the underlying factor(s) responsible for 
the observed decline of organochlorines and patterns 
of mercury concentrations in Lake Laberge fish. 

Introduction 
Very few studies ex ist on direct temporal trend information 
of organochlorine contaminants and heavy metals in fish 

G. Stern, P. Roach and M. Diamond 
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from either rhe Arctic marine or freshwater environments. 
Dara variabiliry in available studies is derived from short 
sampling periods and confounded by changes in analytical 
methodology as well as variability due to fish age/size, or 
dietary and population shifts (CACAR, 1997; AMAP, 
1998). By comparison, temporal trend data for contami
nants in Lake Ontario lake trout (Borgmann and Whittle, 
1991) and in pike muscle from Srorvindeln, Sweden 

(AMAP, 1998) are available over a 15- to 30-year period. 

A temporal trend study of contaminants in fish from Lake 
Laberge is of particular interest because of the unusually 
high organochlorine contaminant levels found in the lake 
trout (muscle) and burbot (liver) in 1991 (Kidd et al., 
1993, 1995). As a result of the high historical levels of 
commercial exploitation, Lake Laberge has a relatively 
low abundance of lake trout and a high abundance of 
species such as burbot and sucker as compared to other 
regional lakes (Thompson, 1996). Because of reduced 
competition and an increased forage base, it is hypothe
sized that Laberge lake trout have switched from an 
insectivorous to a strict piscivorous diet, resulting in faster 
growth and more far accumulation than lake trout from 
other non-exploited systems such as Kusawa and Fox 
Lakes. This hypothesis will be reviewed by examining the 
trophic structure (food web) of Lake Laberge by using 
stable isotopes of carbon and nitrogen to characterize food 
sources (Hesselein er al., 1993) and predator hierarchy 
(Kidd er al., 1998) within the lake. In response to the 
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high toxaphene concentrations, H ealth Canada issued a 
public health advisory, recommending char consumption 
of lake trout Aesh be limited and that no burbot livers 

should be used for human consumption. These actions 
resulted in the shut down of rhe commercial , spore and 

subsistence fisheries on Lake Laberge. 

It has been postulated char if the lake trout stock in Lake 
Laberge could be rehab ili tated and a predator/prey 
balance restored to a level comparable with other regional 
lakes, then contaminant levels sho uld decline (DeGraff 

and Mychasiw, 1994). As a result of the health advisory 

and consequently a decreased rare of fishing, lake trout 
abundance in Lake Laberge has almost doubled between 
1991 and 1999 (A.Foos, YTG, pers. comm.) This part of 

our temporal trend studies is being conducted to 
determine whether an increase in trout abundance has, as 
predicted, resulted in reduced organochlorine concentra

tions in fish . 

Although organochlorines are evident in northern 
climates, several independent lines of evidence suggest 

that inputs of mercury to northern Canada have increased 
over pre-industrial levels. With a few exceptions, minimal 

or no direct temporal trend information on mercury is 
available in biota from either rhe Arctic marine or fresh
water environments . NCP noted this as a signifi cant 

knowledge gap. 

Mercury levels in Arctic seals and whales have increased since 

the 1970s (Wagemann er al., 1996) and more recently, Stern 
et al. (2000, 2001) have reported char mercury levels in 
burbor muscle from Fort Good Hope, on the Mackenzie 

River, have increased by 36% over the 15-year rime period 
from 1985 to 2000. Muir er al. (2000) reported no 

sign ificant changes in mercury concentrations in Arctic char 
from Resolute and Char Lakes over the 7-year period fro m 

1992 to 1999. 

Since 1991 , fish have been sampled from lakes and rivers 

throughout the Yuko n Terri tories (Palme r, 1999). Many 
of these tissues have been archived and are availab le for 

chemical analysis and inclusion as part of a temporal trend 
study. Lake trout and burbor were chosen as ind icator 

species because they are consumed as Country/Trad itional 
foods and have been extremely im portant as a long-term 

window for producing relevant information for consumers. 
Kusawa, Laberge and Quiet Lakes were selected for the 

temporal trend srudy on mercury (Palmer, 1999) and as 
a result, more recent co ll ect io ns have been made to 

supplement chose available from the earl ier co ll ections. 

This report derails the latest data collected and analysed 

on mercury and organochlori ne concentrations for lake 
trout sampled from Laberge, Quiet and Kusawa Lakes 

from 1993 to 200 I. 

Activities 

In 2002- 03 
Collection of lake trout and burbor from Kusawa, Laberge 

and Quiet Lakes has conti nued. Extract ions and 

chromatogram analysis are nearly completed for all biotic 
samples and some abioric sa mples. Statistical analyses for 

all biotic samples are presently underway. All stable 

isotope analysis has been completed. 

Table 1. Mean (S.D.) muscle mercury levels (µ,g/g wet wt.) in lake trout from Kusawa, Laberge and Quiet Lakes (1992-2002) 
Kusawa 1992 1993 1996 1998 1999 2001 2002 

3 14 18 10 

Length 535.0 (72.6) 514.6 (106.0) 550.6 (1 14.3) 500.0 (78.2) 

Hg 0.54 (0.21) 0.57 (0 39) 0.29 (011) 0.29 (010) 

Laberge 1992 1993 1996 1998 1999 2001 2002 

13 14 6 17 

Length 482.8 (1103) 489.3 (95 0) 700.0 (125.4) 590.0 (1077) 646.2 (1031) 570.0 (121.1) 

Hg 0.44 (013) 0.33 (010) 0.61 (0 24) 0.43 (0.21) 0.55 (0.26) 0.38 (0. 15) 

Quiet 1992 1993 1996 1998 1999 2001 2002 

18 8 20 9 

Length 522.6 (135.0) 561.3 (48.2) 499.5 (185.2) 595.0 (174.1) 

Hg 0.44 (0 28) 0.31 (0 08) 0.35 (0 27) 0.39 (0 21) 
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Results and Discussion 

Mercury 
Although there was a sign ificant 30% decline in total Hg 
concentrations (1993 to 1 996) from Laberge lake trout, 
there is no evidence of significant change from 1996 to 
1998 (Figure 1). A 50% decline in mercury concentrations 
was measured in lake trout from Kusawa Lake after 1999. 
A small er decrease was observed in trout from Quiet Lake 
sometime between 1993 and 1999. A summation of the 
data used in statistical analyses can be found in Table I. All 
trout muscle samples exceeded the Health Canada guideline 
level of 0.20 µ,g Hg/g (tissue) recommended for fish used 
for subsistence fisheries as of 2002. 

Organochlorines 
Lip id adjusted OC concentrations (e .g. 1CHB and 
:£DDT) in Kusawa Lake trout have decreased over the 
three-year period from 1999 to 2002 (Figures 2 and 3). 
No apparent changes or trends in OC levels in lake trout 
from Quiet Lake were observed and levels remain 
significantly lower than those in trout from Kusawa and 
Laberge. Laberge lake trout have displayed a significant 
downward trend in OC levels over the eight-year period 
from 1993 to 2001. Unlike Kusawa, the downward trend 
in the Laberge trout OC levels may, at least in part, be 
attributed to increases in overall fish populations (since 

the closure of the fishery) offsetting various ecosystem 
parameters such as ttophic status of prey biota. 

The hypothesis of changing trophic status of biota in Lake 
Laberge was investigated using stable isotope measure
ments. Nitrogen isotopes indicate some general upward 
sh ifts in the trophic status of some fish but this is also 
accompanied by a slight increase in 1\ 15N for primary food 
sou rces such as clams and snails (Table 2) . The only 
significant change in fish was for northern pike 
(NP; p < 0.05) whose 815N level indicates they have shifted 
by 1.5 pans per mil towards a higher trophic level. Tricop
terans have also shown a significant increase in 8 15N levels 
from 1993 to 2001. All other species have maintained their 
general trophic levels as described in l(jdd et al. (1993). It 
is hypothesized that with increasing fish populations in 
Laberge, more young of the year are available as prey in 
warm, shallow and weedy areas, which are known habitats 
for northern pike (Scott and Crossman, 1973). An 
increased diet of young fish as opposed to insects could 
increase the pike 1\ 15 values. 

Snails are the only organisms to have a significant difference 
in stable carbon isoropes from 2001 as compared to 2000 
data (p = 0.04, Table 3). 1\ 13C did not change significantly 
in trout over the 8-year period from 1993 to 200 I. More 
comparisons of other organisms with earlier years may be 
possible if rhe data can be located for further srudy. 

Figure 2. Lipid adjusted (AN COVA) I,OOT concentrations in lake trout muscle from Kusawa, Laberge, and Quiet Lakes 
(1992-2002) 
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Figure 3. Lipid adjusted (ANC0VA) IDDT concentrations in lake trout muscle from Kusawa, Laberge and Quiet Lakes 
(1992-2002) 
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Table 2. Stable nitrogen isotopes (815N in parts per mill for all biota collected from Lake Laberge in 2000-2001. 1993 isotope 
values are from Kidd (1996). Snails and northern pike 815N values are significantly different between 1993 and 2001 
615N 

2001 2000 1993* 
Species Mean so Mean so Mean so 
LT 17 13.18 0.39 6 13.49 0.33 32 12.36 0.85 

BB 30 12.41 0.41 18 12.34 0.41 32 12.06 0.59 
INC 6 11.73 0.33 11.48 0.35 0 n/a n/a 

NP 5 11.09 0.21 10.83 0.52 10 9.62 0.75 
LWF 13 9.38 0.71 15 9.27 0.45 36 8.22 1.15 
CIS 8.99 0.61 22 8.68 0.39 14 7.87 0.47 
AG 8.97 N/A 0 

LNS 6 8.62 0.75 14 8.15 0.56 12 7.57 0.92 
RWF 20 7.65 0.85 6 8.05 0.87 8 7. 16 0.76 
BWF 0 n/a n/a 7 7.85 0.44 3 6.55 1.10 
Tricoptera 5.18 1.02 0 9 2.55 1.38 
Chironomids 4.20 0 8 4.02 1.14 
Snails (fami ly Lymnaeidae) 18 3.21 0.56 17 1.96 1.36 6 2.05 1.01 
Snai ls (family Planorbidae and Valvatidae) 4 1.26 1.39 
Clams 1 2.48 3.11 I 2.19 n/a 
Dipterans (other than chironomids) 3 2.18 0.38 0 
Ephemeroptera 1.65 0 
Plankton 0 n/a n/a 4.95 0.69 6 4.94 1.22 
• from Kidd (1996) 
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Table 3. Stable carbon isotopes (o13C in parts per mill for all biota collected from Lake Laberge in 2000-2001 . 
1993 isotope values are from Kidd (1996) 

o13C 

2001 2000 1993* 

Species Mean SD Mean SD Mean 
LT 17 -28.21 1.39 6 -29.51 2.36 10 -27.57 

BB 30 -27.41 0.47 18 -27.45 0.80 

ING 6 -27.40 0.61 2 -26 07 0.09 

NP -25.34 0.73 -24.71 0.71 

LWF 13 -24.69 141 15 -25.04 1.37 

CIS 2 -29.95 0.29 22 -29.65 0.37 

AG -23.23 n/a 

LNS 6 -2118 0.54 14 -21.39 0.83 

RWF 20 -25.25 3.17 6 -24.36 2.64 

BWF 0 n/a n/a -2175 117 

Tricoptera 3 -32.6 1 3.29 0 

Chironomids 1 -22.54 0 

Snails 18 -24.27 169 17 -20.38 2.78 

Clams 1 -28.32 -27.69 

Dipterans (other than chironomids) 3 -25.20 2.94 0 

Ephemeroptera -29.58 0 

Plankton 9 -33.03 126 

* from Kidd (1996) 

Figure 4. Fulton's condition factor (Kl based on [weight*! 00000/length3
] for lake trout from Laberge, Kusawa and 

lluiet Lakes between 1993 and 2002 
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Fulton's condition factor was used to estimate overall fish 
health and to predict any change rhar may be occurring 
in weight to length ratios. Fish that have a smaller K value 
are considered less robust indicat ing that they are 
becoming slimmer. Fish condition factors for Laberge 
follow a general decrease from 1993 to 2001 with a slight 
increase in 2002. This pattern is similar to the trend in 
OC levels bur has nor been correlated. Condition factors 
for Quiet Lake and Kusawa lake trout have also shown 
mild decreases from previous years to present (F igure 4). 
The patterns in condition factors of Laberge lake tro ut 
are similar to two generalized response patterns as 
described by Munkirrrick and Dixon (1989) and thus may 
be attributed to changes in rhe fish populations. These 
changes would have created a broader or perhaps a lesser 
food base (depending on rhe species) for foraging. The 
fish population and lake biomass data are limited at this 
rime due to a 2 point 'curve' and changes in sampling 
methodology from 1991 to 1999. An additional study 
(3rd rime point) is planned for either rhe summer of 2003 
or 2004. 

Expected Completion Date 
Temporal trend studies are long-term propos itions and 
thus annual sampling is projected until at least 2005. 
Present sample collection extractions and chromatography 
is near completion and data analyses should be finished 
by !are 2003. 
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Abstract 
Samples of liver of beluga from the eastern Arctic have 
been analyzed for mercury sporadically since 1984. These 
results offer some opportunities to estimate temporal 
changes and these opportunities will grow as future 
collections add more recent data. Mercury levels in beluga 
liver have increased since the mid- I 980s in Arviat and 

Pangnirtung and since the early 1980s in rhe western 
Arctic. Collections from Iqaluit, Kimmirut and Sanikiluaq 

appear to have increased levels but there are fewer than 
I O years between the earliest and latest collections. There 
have been no clear changes in Grise Fiord and Coral 
Harbour. One set only of narwhal data spans more than 
I O years; narwhal from Pond Inlet have been collected on 

four occasions between 1978 and 1999 and mean levels 
ranged from 6.3 to 12.6 ug•g- 1 with the highest values in 
the collections of 1992 and 1994. Mercury levels found 
in walrus are lower than those measured in either beluga 
or narwhal. Probably this difference reAects different feed
ing habits between walrus and both species of whales. 
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Key Project Messages 
I. Total mercury levels in beluga, narwhal and liver are 

much higher than levels used to regu late the sale of 
commercial fis h (0.5ug-g 1). 

2. Levels of mercury in liver of walrus are lower than those 
in the whales but they still exceed the gu ideline. 

3 . Only a small fraction of the mercury in beluga liver 

is present as methyl mercury although even the methyl 
mercury concentrations exceed the consumption 
guidelines for fish. 

4. There are regional differences with beluga from the 

western Arctic general ly having higher levels of mercury 
in liver than those from the eastern Arctic. The reverse 
is true for levels of cadmium. 

5. T he proportion of mercu ry present as methyl mercury 
in eastern Arctic beluga were somewhat higher (-19%) 
than those measured in the western Arctic an imals 
(-11%). 
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6. While there is considerable variation from place to 
place, the data suggest chat levels of mercury have 
increased since the mid-1980s. The data from so me 
locations also suggest chat levels may have peaked in 
the mid-1990s and have declined slightly since then. 
However, few data extend over long periods of time 
and there are some inconsistencies among location s 
making it difficult to be confident about trends yet. 

Objectives 
I. To define temporal trends in concentrations of 

mercury in tissues of narwhal, beluga and walrus from 

the eastern Canadian Arctic. 

2. To develop the data from which to track trends in the 
levels of mercury on a stock-by-stock basis of beluga, 
narwhal and walrus from which to project future 

levels. 

Introduction 
The levels of mercury in organs of northern marine 

mammals generally exceed the two guidelines used to 
regulate the sale or domestic co nsumption of fish 
(0.5ug•g- 1 for sale of commercial fish and 0.2ug•g- 1 for 
subsistence consumption). The extent to which this 

results from natural processes acting o n the northern 
geological settings, climate change or from the import 
of industrial mercury with air and water movements is 

not clear. Studies of sediment co res suggest th at about 
half che mercury coming into northern lakes is of 
anthropogenic origin (Lockhart et al. , 1998). Mercury 
has been increasing in air over the North Atlantic (Slemr 
and Langer, 1992) and mercury has been measured in 
air and in snow in the Arctic (Lu et al. , 200 I). There 

seems lircl e doubt that some industrial mercury has 

reached Arctic ecosystems. 

A previous study of mercury in northern animals pooled 
data from different locations in the eastern and western 

Arctic and reported a trend to higher levels in both 
regions (Wagemann et al., I 996). With growi ng recogni
tion chat Arctic populations of marine mammals are 
composed of multipl e stocks that are hunted separately 
in different communities, th e need is for trend data on a 

stock-specific basis. 

Whales may range considerable distances from the 
communities where they are hunted, but the hunting itself 
is usually relatively close to the communities . Fo r this 

study, the stocks are not described biologically but are 
rather simply described by the communiti es where the 
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samples were obtained. Hence two or more commun ities 
may hunt che same stock if those communities are 
relatively near each other. For example, Igloolik and 

Repulse Bay may hunt the same stocks. 

The raw data from several investigations are archived in 
che Freshwater Institute and comprise records from about 
1800 marine mammals, moscly beluga, ringed seals, 
narwhal and walrus with a few bowhead. Biologists 
concerned with stock management obtain various samples 
from hunter kills and chose samples form the basis of 
most of our analyses . Over rime, the accumulated data 
wi ll offer the means to detect any regional or temporal 
trends. This report has been generated from the raw data 
exclusively, not from previously published accounts. 

Activities 

In 2001-2003 
No report was made for this project in 2002 and so rhis 
report covers data accumulated throughout 200 I and into 
early 2003. The collection of samples is done indepen
dently of this project and is not described here. The 
analytical methods have been described in previous reports 
and have been continued to date. While the project is 
concerned with mercury, the same samples have also been 
analyzed for selenium and cadmium. The reason for 

inclusion of selenium is that it generally ameliorates the 
toxicity of mercury and it may be useful in evaluation of 
the risks of consuming marine mammals with high levels 
of mercury. Cadmium is included because its concentra
tions sometimes reach high levels, notably in kidneys, and 
consumption advisories have been issued to restrict 
consumption of kidneys of some land animals. 

Only 8 animals from Sanikiluaq and 2 from Iqaluit were 
collected in 2002, additional collections from these 
2 locations will be conducted in 2003 . Analysis of these 
animals (2002 and 2003) will be completed in the 
2003-2004 fiscal year. Collections of walrus samples 

beyond 1996 have not as of yet been successful. 

For comparing collections of beluga and walrus taken at 
different rimes from a single location, the mercury levels 
were log-transformed and then analyzed by the General 
Linear Models procedure of SAS with age as a covariate. 
The age-corrected levels of mercury were examined for 
scac iscical differences at a probability of 0.05. With 
narwhal, ages are not known and so total length was used 

instead of age. 
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In some instances, the origi nal analyses were reported on 
a dry weight basis. In these cases, the dry weight unit was 

converted to wet weigh, using the formula: 

Concentration (wet weight)= [dry weight].(100-(100% 

moisture) 1
) 

1
• 

Results 

Beluga 
The results are summarized in Tables 1-3. Table I lists 
the average ages and the mercury, selenium and cadmium 
concentrations in the livers of belugas from a number of 
communities for all the samples available. The data is 
tabulated as arithmetic mean values. Parallel data is avail
able for kidney and more restricted data is available for a 

number of other organs. The results in Table 1 show total 
mercury since it is that value that is used by Health 
Canada for assessment and since we have methyl mercury 

data on only a small fraction of the samples. 

Mercury in liver of beluga is usually related to the age of 
the whales with o lder an imals having hi gher levels 

(Figure I). For that reason, statistical comparisons were 
made using age-adjusted means. The two collecti ons at 
Arviat differed significantly with higher levels of mercury 
in liver in 1999 (12.7ug•g- 1

) than in 1984 (6.6ug•g 1
). 

There were no statistical differences among the age-adjusted 
mean concentrations of total mercury in the samples of liver 

from the Coral Harbour (1993, 1997, 2000) and Grise Fiord 
animals (1984, 2001) . Levels in beluga liver from Iqaluit 

appear to have increased significantly from 7.6ug•g I in 1993 
to 16.3ug•g I in 1994. While this increase is statistically 
meaningful, it is probably an arcifact since the two sampling 
periods were on ly one year apart and the change seems too 
large to have occurred over a single year. The 8 Iqaluit 
samples collected in 2002 will be analyzed after the planned 

2003 collection has been completed. Age-adjusted mercury 
levels in beluga liver from the Lake H arbou r/l(jmmiruc 
animals show a steady increase over the three sampling 

periods in 1994, 1997 and 2001. In the Pangnirtung animals 
the highest levels were observed in the 1994 and 2002 
samples. The mean levels of mercury in the liver of the 
Sanikiluaq animals appears to have increased greatly between 
1994 and 1998, however, the statistical interpretation of this 

data is complex because of a strong interaction term between 
age and year of sampling. A more rigorous interpretation will 
await the inclusion of the 2002 and 2003 results. Mean liver 

concentrations of mercury are higher in the western Arctic 
and have increased since the early 1980s. They appear to 
have reached a peak in the mid-I 990s and to have declined 

somewhat since then. 
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The mechylmercury data avai lable to dace on beluga livers 
are shown in Table 2. Comparing the levels of methyl
mercury with levels of total mercury in beluga from the 
same sources and times (Table I) , it is clear that only a 

small fraction of the total mercury is present as mechyl
mercury. However, although the proportion present as 
mechylmercury is sma ll , the levels of mechylmercury are 
still well above the consumption guideline for commercial 

fish. Previous stud ies with beluga and ringed seals has 
shown chat ge nera lly less than 20% of total mercury in 
li vers of chose species is present as mec hylmercury. 

Surprisingly, che proportion of mercury present as 
mechylmercury in the beluga from rhe eastern Arctic was 
somewhat higher (about 19%) than in those from the 

western Arctic (abo ut 11 %). 

Levels of selenium in liver of beluga from the western 
Arctic seem co parallel the levels of mercury (Table 1), as 

might be expected from the observation that seals and 
whales score liver mercury as a selenide (Wagemann et al., 
2000) . There is a correlation between mercury and 

selenium in several whale organs, notably those with a 
low proportion of methyl mercury; the relationship between 
mercury and selen ium in beluga liver is shown in Figure 2 

without regard for time or place of collection. 

Cadmium was not formally part of this project and is not 
discussed full y here, but a regional trend in levels of 
cadmium is apparent with higher levels in most collections 

from the eastern Arctic than in those from the western 
Arctic. With the exception of Arviat, there appears co be 
no obvious increase in levels of cadmium in liver of beluga 

over cime. Curiously, levels in Sanikiluaq appear co have 
fallen considerably between 1994 and 1998. The apparent 

increase in Iqaluit is probably an artifact since the two 

collections were only one year apart. 

Narwhal 
Levels of mercury in liver of narwhal are summarized in 

Table 3. There was some correlation between mercury in 
liver and whale length (F igure 3) . For comparing among 
yea rs at a given locat ion , log-transfo rmed values for 

mercury concentrations were used in the General Linear 
Models procedure of SAS to allow adjustment for the 

relationship betwee n mercury and length. The age
adjusted levels of mercury in liver did not change over the 
1993-1996 period. However, a signifi cant increase in 
mercury was obse rved in the samples collected from the 

2001 whales (Table 3). The most extensive narwhal 
samples we have are from Pond Inlet. Statistically, there 

is a significant interaction term between year and length 
but the sample taken in 1978 had somewhat lower levels 

than those from I 992 (p = 0.087) or I 994 (p = 0.036), 
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""' Table 1. Mean ages and concentrations of total mercury, selenium and cadmium (all µg-g- 1 wet weight) in liver of beluga whales from the Canadian Arctic 
u, 

"' N Mean St Dev N Mean St Dev N Mean St Dev "' 
:-0 N Mean Total Hg Total Hg Total Hg Selenium Selenium Selenium Cadmium Cadmium Cadmium 

~ Species Location Year Age Age (µg,g ') (µg,g ') (µg,g- ') (µg,g ') (µg,g ') (µg,g ') (µg,g-1) (µg,g ') (µg,g- ') 

f Beluga Arviat 1984 22 11.2 23 6.6 6.9 23 4.2 2.4 23 6.7 6.7 
"" = Beluga Arviat 1999 37 11.2 37 12.7 9.9 37 8.5 6.8 37 11.9 6.7 
"' u, Beluga Coral Harbour 1993 11 16.1 11 6.5 3.0 11 4.0 2.3 11 9.0 5.2 
~ Beluga Coral Harbour 1997 19 13.1 20 13.4 28.6 20 9.1 15.3 20 8.4 3.8 ::,. 

Belu ga Coral Harbour 2000 24 8.9 25 3.9 2.5 25 4.2 2.5 25 9.2 5.8 

Beluga Grise Fiord 1984 17 5.6 17 2.0 1.7 17 2.3 1.1 17 3.1 3.8 

Beluga Grise Fiord 2001 5 4.1 5 2.1 1.5 5.0 4.0 1.2 5 2.7 1.0 

Beluga lgloolik 1995 35 11.5 35 10.6 8.5 35 8.2 3.1 35 6.6 4.1 

Beluga Iqaluit 1993 23 12.9 23 7.6 4.9 23 4.2 1.6 23 4.4 1.9 

Beluga Iqaluit 1994 7 12.9 7 16.3 8.9 7 8.8 4.7 7 14.5 5.5 

Beluga Kimmirut 1994 19 10.8 20 9.3 6.4 20 7.2 4.0 20 5.5 4.7 

Beluga Kimmirut 1997 10 16.1 9 11.7 4.2 9 5.9 1.7 9 6.9 4.0 

Beluga Kimmirut 2001 13 14.2 13 16.4 9.8 13 9.8 4.3 13 5.9 2.2 

Beluga Nastapoka 1984 14 13.2 15 10.7 13.7 10 4.6 2.3 15 5.1 2.7 

Beluga Pangnirtung 1984 11 11.1 11 5.0 4.4 11 2.8 1.5 11 6.4 6.4 

Beluga Pangnirtung 1993 12 7.8 11 8.5 7.0 11 8.9 4.5 

Beluga Pangnirtung 1994 27 8.4 27 10.7 13.4 27 6.5 2.9 

Beluga Pangnirtung 1997 24 13.0 25 8.6 4.6 25 4.8 2.1 25 5.5 4.4 

Beluga Pangnirtung 2002 10 15.3 16 11.6 7.6 16 6.7 3.6 16 5.3 2.8 

Beluga Repulse Bay 1993 2 8.0 2 3.4 3.1 2 4.8 2.1 2 9.7 5.2 

Beluga Sanikiluaq 1994 30 13.7 30 12.9 9.5 30 9.8 4.8 30 7.6 4.0 

Beluga Sanikiluaq 1998 22 13.0 22 21.1 25.3 22 16.0 14.9 22 1.3 0.6 

Beluga East Whitefish 1993 13 23.7 13 33.4 31.4 13 19.9 17.9 13 2.0 1.4 

Beluga East Whitefish 1994 12 18.8 13 17.8 19.3 13 13.3 11.5 13 1.6 0.7 
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Figure 1. Mercury in liver of beluga whales from 
communities in the eastern Arctic as a function 
of whale age 
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Figure 2. Mercury and selenium in liver of beluga whales 
regardless of location or time of collection 
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bur did not differ from the sample taken in 1999 

(p = 0.4 I). The pattern suggests peak values in the I 990s, 
similar to some of the beluga collections. 

The sample from Repulse Bay in 1993 consisted of four 
animals only with a mean level of7.9µ,g•g- 1

• The sample 

from 1999 was larger (Table 3, N = 18) with an apparently 
higher mean (I I.4µ,g •g- 1

) in sp ite of the fact chat the mean 

length was smaller in 1999. Statistically the two length
corrected means failed to meet the statistical criteri on of 

p = 0.05 to differ (p = 0.12). Future samples from Repulse 
Bay are desirable to test whether levels there are changi ng. 
Selenium in narwhal liver generally tracks the pattern of 
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Table 2. Mean concentrations of methylmerc ury (µg-g- 1 wet weight) in liver of beluga whales 

Species Location Year Organ 

Beluga Arviat 1999 

Beluga Coral Harbour 1993 

Beluga Iqaluit 1993 

Beluga Iqaluit 1994 

Beluga Repulse Bay 1993 

Belu ga Sanikiluaq 1994 

Figure 3. Narwhal, mercury in liver (µg-g·1 wet wt) as a 
function of length (cm) 
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mercury in that organ suggesting that in this species, as in 
beluga, the selenium might be used to detoxify mercury. 
Cadmium levels are high in liver but are even higher in 
kidney. Cadmium levels in liver of narwhal are considerably 
higher than those in liver of beluga. 

Walrus 
The levels of mercury in walrus liver (Table 4) are much 

lower than in narwhal or beluga, although they still exceed 
the consumption guidelines for fi sh. The few samples 
from Akul ivik stand out from the other walruses with 
higher values . Beluga from Igloolik in 1995 had a mean 
level of l0.6µg•g - 1 mercury in liver but walrus from the 
same area in 1996 had a mean level of only 2.4µg•g -• . 
Presumably the lower levels in walrus are caused by feed
ing lower in the trophic pyra mid. Samples from Hall 
Beach and lgloolik offer some potential for estimating 

temporal trends since they were sa mpled in the 1980s and 
again in th e 1990s. The effect of age of mercury levels is 
relatively weak in walrus (F igure 4), the regression equa
tion having an r2 value of only 0.08. Nonetheless, the 

G. Stern, P. Outridge and R. Stewart 

Li ver 

Liver 

Liver 

Liver 

Liver 

Liver 

Mean 
N (MeHg) St. Dev. 

(MeHg) µg-g- • (MeHg) 

7 120 0.50 

11 1.12 0.19 

23 1.47 0.37 

1.70 0.27 

0.65 0.06 

30 1.47 0.68 

same stat istical analysis used for beluga was used for 
walrus from lgloolik and Hall Beach. The values from 

lgloolik were all similar except for the results in 1996 
which were considerably higher than any from the 1980s, 
although the animals were older in 1996. Statistically, the 
age-adjusted means failed to differ at the 0.05 level of 
probability. The same applies to the two collections from 
Hall Beach. Although the mean recorded in 1996 was 
somewhat higher than that from 1988, older animals were 
taken in I 996 and the difference in levels of mercury was 
not significant statistically . 

Discussion and Conclusion 
Levels of mercury in liver of three species of marine mammals 
(beluga, narwhal and walrus) have been determined at 
intervals since the 1970s. Generally the levels of mercury 
exceed greatly the levels allowed in commercial fish sold in 
Canada. However, the toxicological significance of the high 
levels in beluga and narwhal liver are not clear. The 
predominant form of mercury is not methylmercury as it is 
in fish. It appears that beluga and narwhal store liver mercury 
as a selenide that is nor likely to be toxic either to the whales 
or to people eating them. We have little information on the 
speciation of mercury in narwhal or walrus. There are 
regional differences in levels found in beluga with generally 
higher levels of mercury in the western Arctic than in the 
Eastern Arctic. There are also species differences with levels 
found in walrus lower than levels found in either beluga or 
narwhal. Probably this difference reflects different feeding 
habits between walrus and both species of whales. 

In some instances, more than one collection was made 
from a community and those instances offer some oppor
tuni ty to detect temporal change. The data from beluga 
and narwhal generally show either increased levels since 
the 1980s or no statistically clear change. The same is true 
of walrus but the means failed to differ significantly over 
the years for wh ich data were available. No data from any 
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~I Table 3. Mean lengths (cm) and concentrations of total mercury, selenium and cadmium (all µ,g-g 'wet weight) in liver of narwhal from the Canadian Arctic 
Mean N Mean St Dev N Mean St Dev N Mean St Dev 

N Length Total Hg Total Hg Total Hg Selenium Selenium Selenium Cadmium Cadmium Cadmium 
Species Location Year Length (cm) (µg-g ') (µg-g ') (µg-g ') (µg-g ') (µg-g ') (1=g.g') (µg-g ') (1=g.g ') (µg-g ') 
Narwhal Arctic Bay 1999 27 411.4 27 12.2 8.1 27 6.5 3.3 27 6.5 3.3 
Narwhal Broughton lsl. 1993 13 455.2 14 9.4 5.7 14 8.5 5.4 14 15.4 7.8 
Narwhal Broughton lsl. 1995 27 414.7 28 13.0 9.2 28 7.1 3.7 28 24.8 210 
Narwhal Broughton lsl. 1996 8 395.0 8 11.6 7.4 8 6.2 3.0 8 18.1 14.3 
Narwhal Broughton lsl. 2001 25 425.0 25 17.8 24.1 25 9.8 5.3 25 25.2 18.2 
Narwha l Clyde River 1993 5 11.7 12.4 5 7.3 4.7 5 15.8 12.8 
Narwhal Grise Fiord 1993 3 9.3 6.1 3 3.8 0.9 3 66.9 58.8 
Narwhal Pond Inlet 1978 35 376.0 38 6.3 3.2 38 4.2 2.0 38 34.1 33.5 
Narwhal Pond Inlet 1992 9 381.3 9 10.0 5.9 9 5.4 2.6 9 46.1 37.2 
Narwhal Pond Inlet 1994 19 387.5 20 12.6 9.7 20 8.4 5.2 20 30.0 20.9 
Narwhal Pond Inlet 1999 17 393.0 17 9.6 8.4 17 5.8 4.4 16 39.8 36.7 
Narwhal Repulse Bay 1993 3 397.7 4 7.9 6.8 4 5.4 4.3 4 30.7 27.9 
Narwhal Repulse Bay 1999 16 364.7 18 11.4 7.2 

Table 4. Mean ages and concentrations of total mercury, selenium and cadmium (all µ,g-g- 1 wet weight) in liver of walrus from the Canadian Arctic 

Mean N Mean St Dev N Mean St Dev N Mean St Dev 
N Length Total Hg Total Hg Total Hg Selenium Selenium Selenium Cadmium Cadmium Cadmium 

Species Location Year Length (cm) (µg-g ') (µg-g-1) (µg-g- ') (µg-g- 1) (µg-g ') (µg-g- 1) (µg-g- ') (µg-g- ') (µg-g- 1) 

Wal rus Akul ivik 1990 4 5.7 4 4.9 0.8 4 4.0 0.6 4 11.0 2.6 

Walrus Hall Beach 1988 16 9.7 16 1.3 1.2 16 3.0 1.2 16 11.2 5.0 

Walrus Hall Beach 1996 16 14.7 16 1.6 1.3 16 2.7 1.6 15 10.8 6.7 

p Walrus lgloolik 1982 13 11.7 16 1.3 1.4 15 2.8 0.9 15 12.3 5.7 

_[ Walrus lgloolik 1983 27 12.6 25 1.3 1.0 24 2.6 1.0 25 9.8 3.8 

" 
Walrus lgloolik 1987 16 8.8 16 1.1 1.0 16 2.7 1.4 15 13.8 8.3 

~ Walrus lgloolik 1988 15 8.5 13 1.4 1.1 13 3.0 1. 5 11 13.3 10.3 

t Walrus lgloolik 1996 14 16.6 14 2.4 2.0 14 2.9 1.9 14 12.0 4.7 
~ 

~ I Wa lrus lnukjuaq 1990 8 12.4 9 1.1 0.9 9 2.3 1.1 9 5.3 5.8 
~ 

! 1 Walrus Iqaluit 1984 30 11.5 31 1.5 1.0 30 3.0 0.9 30 11.2 6.2 



Figure 4. Mercury in liver of walrus from communities 
in the eastern Arctic as a function of walrus age 
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species suggest a downward trend over the period. Some 
sers of samples suggest rhar levels may have been higher 
in the 1990s than in either the 1980s or early 2000s. 
Sediment co re data ind icate increased inputs to Arctic 
lakes since pre- indust rial rimes and cores from mid
lati tudes in North America show the same trend, except 
that very recent inputs have begun to decline (e.g. north/ 
central USA, Lake W in nipeg) . Some groups of Arctic 
ma rine ma mmals may be showing a simi lar trend . 

Expected Completion Date 
T his project officially ended March 2003. Any remaining 
analysis (e.g. 2002 and 2003 samples from Sanikiluaq and 
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Iqal u it beluga) wi ll be comp leted by Ma rch 2004. 
Additional collections and analysis will be done in future 
years with funding from DFO, FJMC, WMB, IF and 
programs such as ArcticNet. No future funding from 
NCP is anticipated . 
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Abstract 
Blubber samples from male Pangnirtung beluga, collected 
over 20 years at five time points, were analysed for 
organochlorine contaminants. A significant decline in 
concentration of major OC groups such as HCH, DDT, 
CHL and toxaphene was observed in the blubber over 
this time period while the level of the current use pesticide 
endosulfan steadily increased (3.2-fold). 

Key Project Messages 
I. A significant decline in concentration of major OC 

contaminant groups such as HCH, DDT, CHL and 
roxaphene was observed in the blubber of Pangnirtung 
beluga over the 20-year time period from 1982 
to 2002. 

2. Endosulfan sulfate levels have steadily increased over 
the same time period (3 .2-fold). 

Objectives 
To document the temporal trends of bioaccumulating 
substances such as for polychlorinated dibenzodioxins 
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(PCDD), dibenzofurans (PCDF), PCBs, DDT, toxaphene, 
coplanar PCBs and selected current use chemicals such as 
polybrominated diphenyl ethers (BDPEs) in Arctic marine 
ecosystems. This will help determine whether contaminant 
levels in marine mammal tissues, and thus exposure to 

people living in Arctic communities who consume them 
as part of their traditional diet, are increasing or decreasing 
with time. Also, to equip Canad ian delegations involved 
in international controls with appropriate information to 
formulate Canadian positions. 

Activities 

In 2001-2002 and 2002-03 
In July 2002, 8 blubber samples from male Pangnirtung 
beluga were collected by community residents. As samples 
were not received until December 2002, only the OC 
analyses and aging have now been completed. PBDE and 
nPCB analysis are sti ll underway. 

G. Stern and M. lkonomou 



Results 
Bl ubber samples from beluga in the Clearwater Fjord area 
of C umberland Sound (1982 and 1986) were obtained 
by D FO personnel (Winnipeg, MB) with the cooperation 
of local hunters. As part of an ongo ing whale sampl ing 
and stock identi ty program, supported by rhe Nunavut 
Wi ldlife Manage ment Boa rd (NWMB) and DFO, 
samples from the southern coas tline in Cumberland 
Sound (1 992, 1996, 1997 and 2002) were collected by 
hunters during their subsistence hunts using standard ized 
whale kits. Blubber, ki dney, liver, ovaries and uterus, 
muscle and the lower jaw, as well as morphometric data 
were collected fo r each animal. All samples were shipped 
froze n to the Freshwater Institute and stored at -20°C 
until analys is. An imals were aged by th in sectioning a 
can ine tooth from the rear of the lower jaw and counting 
growth layer groups (GLG) in the dentine using transmit
ted light (H eide-J0rgensen, 1994). 

All univariate analyses were perfo rmed with lipid normal
ized log

10 
transfo rm ed data to adjust for skewness. 

AN COVA was used to assess the effects of year to year 
collections (tempora l tre nds), age of the animals and 
age*year interactions (homogeneity of slope berween age 
and [O C]) using the model [OC] = year age age*year, 
whe re [O C] = log co ncentration of either individual 
contaminants or major OC groups. Differences berween 
collecti on years were examined with paired comparisons 
of age adjusted least squared mean concentrations (SAS 
Institute, 1989-1996) . O nly results fo r an imals older than 
rwo years of age were included in the analysis of covari
ance because of the large variations in concentrations seen 
in yo unger animals (Stern et al., 1994). 

Figure 1. Temporal trends of age adjusted concentrations 
of :1HCH, a-HCH, ~-HCH, y-HCH in blubber from 
male Pangnirtung beluga (1982-2002) 
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Significant declines in c,- and f3 -HCH concentrations, 
2.0 and 1.7-fold respectively, over the 20-year interval from 
1982 to 2002 were observed. 1HCH levels declined by 
1.8-fold. (Table 1, Figure 1). The decreasing trend in 
<Y-HCH concentrations is consistent with the 9-fold decline 
in Arctic airborne concentrations over the 14-year period 
from 1979 to 1993 and with the significant bur much 
smaller reduction (3% per year) of1HCH in surface sea
water Qantunen and Bidleman, 1995; Bidleman el al., 
1995). In the beluga blubber, the c,/-y ratio decreased from 
3.75 to 2.47 over the 20-year rime period. This result is 
consistent with decreased usage of technical HCH (c,-HCH 
(60-70%), [3-HCH (5-12%) and -y-HCH (10-15%)) 
since the early 1980s (Li et al., 1997). 

While 1DDT concentrations varied substantially over 
the 20-year rime period, 2002 levels were 1.5-fold lower 
than those measured in the 1982 animals (Table l, 
Figure 2). Significant declining trends were observed for 
both p,p'-DDT (4.8-fold) and its metabolite p,p'-DDE 
(2.3-fold). The p,p'-DDE/1DDT ratio changed from 
0.37 to 0.44 suggesting "old" rather than recent DDT 
inputs. 

Concentrations of the most abundant congeners in 
technical cWordane, cis- and trans-nonacWor, peaked in the 
l 992 blubber samples and declined to their lowest levels 
in the 2002 animals (Table I). The same trend was 
observed for 1CHL, with an overall 2.1-fold decline over 
the 20-year rime period. Cis- and trans-CHL levels 
consistently declined and increased, respectively, over the 
20-year time period. Peak concentrations in the 1992 ani
mals most likely reflects the fact that the use of chlordane 
was not banned in Canada and the United States until the 

Figure 2. Te mporal trends of age adjusted concentrations 
of :1DDT, pp-DDE, pp-DDT, pp-DDD in blubber 
from male Pangnirtung beluga (1982-2002) 
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Table 1. Age adjusted concentrations of OCs in male Pangnirtung beluga blubber samples (only results from animals 
> 2 years were included in the analysis of covari ance because of the large variations in concentrations seen in 
younger animals) (ng/g, lipid wt.) 

1982 1986 1992 1996 2002 Year• 

IHCH 295.52 292.28 198.30 226.60 168.58 82, 86 > 92, 96, 02; 96 > 02 

a-HCH 194.29 193.37 113.57 136.80 98.19 82, 86 > 92 , 96, 02; 96 > 02 

13-HCH 48.40 48.79 46.24 39.02 27.82 82, 86, 92, 96 > 02 

-y-HCH 52.02 48.99 33.95 45.68 41.74 82, 86, 96 > 92 

IDDT 5481.47 3980.63 5606.60 5400.62 3638.48 86, 02 < 82, 92, 96 

op-DDE 79.70 59.08 79.52 60.55 33.28 02 > 82, 86, 92, 96; 92 > 96 

pp-ODE 2020.54 1683.73 2269.27 2562.50 1601.81 96 > 86, 02 

op-DDD 198.97 126.83 259.39 317.05 245.50 86 < 82, 92, 96, 02; 82 < 96 

pp-DDD 552.58 385.53 610.63 416.24 248.06 86 < 82, 92, 96; 86 > 02 

op-DDT 

pp-DDT 1566 08 1000.12 1283.69 702.53 328.08 02 < 82, 86, 92, 96; 82 > 86, 96; 92 > 96 

Ratio• 0.37 0.43 0.41 0.47 0.44 82 < 86, 92, 96 , 02 

ICHL 1817.29 1663.13 2089.57 1521.40 876.08 02 < 82, 86, 92, 96; 92 > 96 

c-CHL 112.97 85 08 81.28 72.46 35.34 02 < 82, 86, 92, 96; 82 > 96 

1-CHL 13.57 6.18 14.35 17.81 20.93 86 < 82, 92 , 96, 02 

c-Nona 182.52 123.98 211.34 154.64 96.41 82 > 86, 02; 92 > 86, 02; 96 > 02 

/-Nona 603.31 596.71 930.79 640.82 365.40 02 < 82, 86, 92, 96; 92 > 82, 86, 96 

oxychlor 306.58 313.84 410.23 224.66 139.02 02 < 82, 86, 92, 96; 96 < 92 

ICBz 503.95 426.62 332.49 702.85 552.46 96 > 82, 86, 92; 92 < 82, 02 

ICHB 11257.59 9924.86 9646.01 10383.95 5641.96 02 < 82, 86, 92, 96 

B8-1413 (T2) 3383.89 2954.22 2717.72 2903.16 1711.46 02 < 82, 86, 92, 96 

B9-1679 (Tl2) 6625.97 5881.52 5756.66 6279.22 3464.48 02 < 82, 86, 92, 96 

Dieldrin 688.27 531.98 391.18 54 7. 71 335.43 02 < 82, 86, 92, 96 

Endosulfan 4.31 4.65 9.72 13.50 13.95 82, 86 < 92, 96, 02 

Mirex 6.64 5.26 13.65 10.80 14.97 82, 06 < 92, 96, 02 

IPCB 4575.92 3089.44 4053.17 4464.72 3554.29 86 < 82, 92, 96; 02 > 96 

Mono/di-CB 198.91 139.87 201.23 71.83 59.32 82, 92 > 86, 96, 02; 86 > 96, 02 
Tri-CB 124.75 74.22 89.14 113.11 122.43 86 < 82, 96, 02; 82 > 92 
Tetra-CB 641.86 540.94 452.60 622.73 555.27 92 < 82, 96 
Penta-CB 1343.80 873.26 1218.95 1281.24 1106.00 86 < 82, 92, 96 
Hexa-CB 1630.13 1042.98 1439.76 1765.49 1310.55 96 > 86, 92, 02; 82 > 86; 86 > 92 
Hepta-CB 550.25 348.39 544.17 516.03 352.92 86, 02 < 82, 92, 96 
Octa-CB 64.04 47.85 60.90 66.49 44.11 86, 02 < 82, 92, 96 
Nona-CB 4.42 1.93 4.68 3.15 1.77 86, 02 < 82, 92 

• Significant differences in least square mean concentrations of individual OCs and groups for all five collection years (p < 0.05); •pp-ODE 11:00T (ratio va lues were not 
log transformed) 
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late 1980s, and that countries such as Mexico contin ued, 
unti l very recently, to import over 45 tons of chlordane 
annually fro m the Un ited States where it is still legal to 
manufacture (Environ Health Perspectives 105, 1997) . 

Endosul fa n is currently used in the Un ited States, Canada 
and other countries fo r insect contro l on high value crops. 
Like DDT, endosul fan is also used to combat disease car
rying insects such as mosquitoes, Ries and lice. In 1988, 
the worldwide production of endosulfan was estimated to 
be approximately 107 kg-year_, (World Health Organiza
tion . Enviro nmental H ealth Criteria 40-Endosulfan; 
WHO: Geneva, 1984). Total usage of endosulfan in the 
US during 1992-93 is estimated to be 814,000 kg. In 
Ontario and Q uebec, Canada, usage is comparable to that 
in the high-application areas of the United States. Technical 
endosu lfan conta in two isomers, endosu lfan I and 
endosulfan II , in approximately a 7:3 ratio along with 
impurities and degradation products. In the beluga blubber 
only endosu lfa n su lfare, the degradation product of 
endosufa n, is present and levels appear to have increased 
steadily (Table I) over the 20-yeat time period from 1982 
to 2002. Conversely, rcHB, B8-1413 (T2), B9-1679 
(TI 2) and dieldrin concentrations have declined by 
-2-fold between 1982 and 2002. No clear trends were 
observed fo r PCBs. 

Expected Completion Date 
As a resul t of this study we now have OC temporal trend 
covering 20 years and 5 time po ints. PBDE and nPCB 
analysis should be completed by fall. Based on five year 
sampling intervals, an additional collection should occur 
in 2007. 

G. Stern and M. lkonomou 
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Abstract 
Tissues from burbot collected at Fort Good Hope (Rampart 
Rapids) in 2001 were analysed for organochlorine 
contaminants, mercury, selenium and arsenic. Data from 
this time point was combined with the existing metal 
(1985, 1989, 1993, 1995, 1999 and 2000) and OC (1988, 
1994, 1999 and 2000) data covering time spans of 16 and 
13 years, respectively. No significant correlation between 
length and mercury concentration was observed with 
muscle or liver for either sex. In the males, mean mercury 
concentrations in muscle increased by 35% over the 16-year 
time period. Mean Hg concentrations in muscle and liver 
over the entire data sets were 0.302 ± 0.121 (n = 128) and 
0.067 ± 0.056 (n = 122) µ g•g- 1, respectively. Muscle 
mercury levels are below the recommended guideline level 
of 0.50 µg•g - 1 for commercial sale but are at, or exceed, 
the guideline level of0.2 µ g•g- 1 recommended for fish used 
for subsistence. Levels of most major OC groups in liver 
from Fort Good Hope burbot have decl ined over the 
13-year period from 1988 ro 2001. 
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Key Project Messages 
1. Mean mercury concentrations in muscle from male 

Fort Good Hope burbot have increased by 35% over 
the 16-year time period from 1985 to 2001. 

2. Muscle mercury levels are below the recommended 
guideline level of 0.50 µg•g - 1 for commercial sale but 
are at, or exceed, the gu idel ine level of 0.2 µg•g - 1 

recommended for fish used for subsistence. 

3. Levels of most majo r OC groups in liver from Fort 
Good Hope burbot have declined over the 13-year 
period from 1988 to 2001. 

Objectives 
To document the temporal trends of bioaccumulating 
substances such as heavy metals (mercury, selenium, 
arsenic), organochlorine contaminants (e.g. PCBs, DDT, 
toxaphene, coplanar PCBs) and selected current use 
chemicals such as short chain polychlorinated-n-alkanes 
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(PCAs) and polybrominated diphenyl ethers (BDPEs) in 
burbot liver (a nd muscle for metals) from Fort Good 
Hope, so as to determine whether contaminant levels in 
the fish and thus exposure to people living in Arctic 
comm uni t ies who consume chem as part of their 
trad itional diet, are increasing or decreasing with time. 
These res ul ts will also help to rest the effectiveness of 
international controls. 

Introduction 
With a few exceptions, minimal or no direct temporal 
trend information on organochlorine contaminants and 
heavy metals in fish are available in either the Arctic 
marine or freshwater environments. Much of the tempo
ral trend data chat is available are roo limited to be 

scientifically credible because they are based on 2 or at 
most 3 sampling times. In addition, much of this is 
confounded by changes in analytical methodology as well 
as var iab ili ty due to age/size, or dietary and population 

sh ifts (CACAR, 1997; AMAP, 1998). By comparison, 
temporal trend data for contaminants in Lake Ontario 
lake trout (Borgmann and Whittle, 1991) and in pike 
muscle from Storvindeln, Sweden (AMA P, 1998) are 
available over a 15- to 30-year period. 

Very few measurements have been made of the toxic 
coplanar (or non-ortho substituted) PCBs and other planar 
OCs in Arctic fish , however, where coplanar PCBs have 
been measured along with PCDD/Fs, PC sand CDPEs, 
calculations of TCDD TEQs show char the coplanar 
PCBs, especially CB 126, account for most of the TEQs 

(CACAR, 1997). As a result, one of che priorities outlined 
in both CACA R (1997) and AMAP ( 1998) is for 
additional meas urements of coplanar PCBs in Arctic fish. 
Measurements of PCDD/F were not recommended unless 
specific sou rces are suspected . Because of their toxico

logical significance, analysis of new chemical contaminants 
(i.e. those not currently identified in che UN-ECE LRT AP 

protocols) such as PCAs and BDPEs are essential and will 
provide a "baseline" against which future measurements 

can be compared . 

Burbot is a predarory, bottom-feeding species of fish. 
Thei r sedentary nature and high lipid content of the liver 

make the species very suitable for monitoring lipophilic 
contaminanrs (CACAR, 1997; AMAP, 1998). As outlined 
in the Northern Contaminants Program Phase JI, Cal l for 
Proposals (B luep rint for Internat ional Activities, and 
Blueprint fo r Monitoring the Health of Arctic Peoples 
and Ecosystems), some of the most comprehensive 
tempo ral rrend data chat exists is for OCs in burbot liver 

G. Stern and M. lkonomou 

from Fort Good Hope (Wagemann , 1985; Lockhart et 
al., 1989; Stern et al., 2000, 2001). 

Activities 

In 2001-2002 and 2002-03 
In December 200 I and 2002, 20 and 35 burbot, respec
tively, were collected from the Mackenzie River at Fort 
Good Hope (Rampart Rapids) by community residents. 
The heavy metal and OC analyses for che 2001 samples 
now been completed and analyses of the 2002 samples 
are underway (burbot were not shipped to FWI until late 
March, 2002). 

Results 

Hg, Se, As 
Mean mercury, selenium and arsenic concentrations for 

burbot muscle and liver samples collected berween 1985 
and 2001 are shown in Table 1 and 2, respectively. No 
significant correlation between length and mercury 
concentration was observed with muscle or liver for either 
sex. In che males, mean mercury concentrations in muscle 
increased by 35% over the 16-year time period from 1985 
to 2001 (Table I and Figure I). For selenium, weak 
negative correlations exist between concenrrarion and 

length for liver and muscle in male fish. The length 
adjusted mean selenium concentrations in liver 
(ANCOVA) were 1.55, I. I 7, 0.92, 1.55 and 1.56 (µg ·g 1) 

for the 1985, I 988, 1999, 2000 and 2001 time points, 
respectively. The highest measured As concentration, 
17.16 µg·g - 1

, occurred in a muscle sample from a female 
burbot collected in 1999. 

0rganohalogens 
Table 3 lists the mean wet weight major OC group 
concentration for five collection periods between 1988 and 
2001. Table 4 summarizes the ANCOVA results used to 
assess the effects of year to year collections (temporal trends), 
% lipid and lipid'year interactions (homogeneity of the slope 
between% lipid and [OC]) of OCs in liver samples collected 

from Fore Good Hope burbot in I 988, 1994, 1999 and 
2001. Comparison with the 2000 results could not be made 
as age*yeac interactions were sign ificant for most major OC 
groups. Significant declines, 1.4- and 2.5-fold, were observed 
for both a- and -y-HCH over this 13-year time period. 
j3-HCH concentrations were below the detection limit in 
all san1ples. lnteresringly, the c,/-y-HCH ratio has increased 
from 4.3 to 8.2 which is opposite to what one might have 
expected based on the decreased usage of the technical 
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Table 1. Mean (standard deviation) concentrations of mercury, selenium and arsenic in Fort Good Hope burbot muscle 
(µ,g-g- 1) 

Collection Sex n Length (mm) Hg Se As 

Apr-85' M 10 633 (84) 0.222 (0035) 0.358 (0 087 ) 

Oec-93 M 7 677 (109) 0.231 (0.113) 0.534 (0.163) 2.291 (3.151) 

Sept-95 M 2 0.265 (0.035) 

Dec-99 M 21 676 (107) 0.286 (0.095) 0.395 (0.107) 0.637 (0.637) 

Dec-00 M 21 699 (104) 0.345 (0.097) 0.478 (0.136) 1.333 (1.944) 

Dec-01 M 10 720 (164) 0.342 (0.151) 0.295 (0 352) 3.106 (3.897) 

Apr-85' F 6 714 (140) 0.337 (0 136) 0.480 (0 126) 

Oec-93 812 (133) 0.297 (0 035) 0.321 (0 009) 6.450 (0.984) 

Sept-95 0.180 (0 085) 

Oec-99 21 735 (101) 0.259 (0 108) 0.219(0 104) 2.626 (3.815) 

Dec-00 15 732 (127) 0.364 (0 140) 0.460 (0 175) 1929 (I 621) 

Oec-01 10 747 (122) 0.336 (0.180) 0.128 (0.16 1) 1.098 (1821) 

1 Wagemann 1985; 2n = 20 

Table 2. Mean (standard deviation) concentrations of mercury, selenium and arsenic in Fort Good Hope burbot liver 
(µ,g-g- 1) 

Collection Sex Length (mm) Hg Se As 

Apr-85' M 643 (82) 0.044 (0 019) 1759 (0 558) 

Dec-88 M 8 706 (84) 0.054 (0 026) 1.230 (0 555) 3.119 (1725) 

Oec-93 M 677 (109) 1016 (1328) 

Oec-99 M 21 676 (107) 0.046 (0 024) 1.071 (0.628)2 0.607 (0.326) 

Dec-00 M 21 699 (104) 0.064 (0 026) 1646 (0.733) 0.585 (0.412) 

Oec-01 M 10 720 (164) 0.063 (0 048) 1.434 (1278) 0.839 (0 822) 

Apr-85 1 714 (140) 0.097 (0.098) 1272 (0.715) 

Dec-88 2 623 (86) 0.072 (0 035) 1460 (1529) 1.280 (1018) 

Oec-93 F 812 (129) 1062 (0 546) 

Oec-99 F 20 749 (77) 0.064 (0 069) 0.687 (0.552)2 1.353 (0.811) 

Dec-00 15 732 (127) 0.094 (0 056) 1203 (0 469) 0.632 (0.349) 

Oec-01 10 747 (122) 0.098 (0.108) 1235 (0.720) 1074 (1.227) 
1 Wagemann 1985; 2n = 19 

mixture (a-HCH (60-70%), ~-HCH (5-12%) and 
-y-HCH (10-15%)) and corresponding increase in the usage 
oflindane since the early 1990s (Li et al., 1997). The most 
plausible explanation for this result is chat -y-HCH is being 
transformed by sunlight into a-HCH during long range 
transport (Muir et al., 2000; Barrie et al., 1992; Oehme, 
1991). -y-HCH was reported to be declining at a faster rate 
than a-HCH in air samples collected at Alert, Nunavut, 
from January 1993 to December 1997 (Blanchard, 2000). 

The p,p' -DDEIIDDT ratios increase from 0.39 in 1988 
co 0.57 in 2001 suggesting "old" rather than recent inputs 
of DDT. 

Overal l, a 1.9-fold decline in the lipid adjusted mean 
concentrations of ICHL was observed. Oxychlordane, 
the principal metabolite of cis- and trans-chlorda ne, and 
second on ly co trans-nonach lor as the most abundant 
chlordane-related residue in the Fort Good Hope burbot 
liver, did not change significantly over this 13-year period. 
The decreasi ng t/c-CHL ratio suggests "old" rather than 
recent ch lordane inputs. t-nonach lor, and heptachlor 

Lipid adjusted IDDT concentrations were at their highest 
in the 1994 samples and declined by over 2-fold by 200 I. 
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Figure 1. Mean Hg concentrations in muscle samples from male Fort Good Hope burbot 
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Table 3. OCs in Burbot liver from Fort Good Hope (mean and standard deviation, ng/g, ww) 
Year Sex % Lipid :£CBz :£HCH :£CHL :£DDT :£PCB 
1988 M+ F 10 30.20 13.63 5.53 23.83 16.17 58.11 

(13.47) (4 21) (171) (737) (5 25) (18.45) 

1994 M+ F 9 30.56 8.63 5.13 1734 18.96 50.05 
(11.59) (2 63) (1 53) (6.14) (8 28) (17 55) 

1999 M+ F 21 42.10 10.04 3.78 21.00 22.84 62.77 
(13.3 1) (3.81) (1.38) (8.04) (8.59) (22.29) 

2000 M+ F 20 36.22 8.72 3.29 19.02 2124 54.62 
(15 22) (5 24) (1 98) (12 50) (14.92) (36.25) 

2001 M+ F 20 30.14 6.36 3.79 13.68 8.99 41.88 
(15.00) (3.06) (167) (6 99) (5 96) (21.26) 

:£CHB 

60.83 
(19.31) 

46.85 
(14.46) 

54.03 
(20.37) 

47.01 
(29.04) 

37.68 
(24 27) 

HCBz Dieldrin 

13.07 2.38 
(4 06) (0.74) 

8.17 2.02 
(2.48) (0.62) 

5.43 2.38 
(217) (0 93) 

4.78 2.21 
(2 89) (1.57) 

4.33 2.37 
(1 90) (1.31) 

Table 4. Lipid adjusted (ANCOVA) DC concentrations in liver of Fort Good Hope burbot. All concentrations are in ng/g 

Year Sex :£CBz :£HCH :£ CHL :£DDT :£PCB :£CHB HCBz Dieldrin 

1988 M+ F 10 15.12 6.05 26.68 18.48 64.47 68.90 14.41 2.67 

1994 M+ F 9.56 5.59 19.02 20.50 54.45 52.52 9.00 2.26 

1999 M+ F 21 7.46 2.89 15.37 16.25 46.78 38.80 4.05 172 

2001 M+ F 20 6.79 4.07 14.46 8.96 44.44 37.83 4.7 1 2.44 
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concentrations declined by 2.0- and 2.4-fold fold over 
this rime period. Conversely, heptachlor epoxide, the 
oxidation product of heptachlor increased by 2.2-fold over 
the same time period. 

1Tri-PCB concentrations have increased by 1.8-fold, while 
all other PCB homologue groups have either declined in 
concentration or did not change significantly. lPCB levels 
have declined by 1.5-fold. 1CHB and ICBz concentra
tions decreased by 1.8- and 2.2-fold, respectively. 

Expected Completion Date 
Temporal trend studies are long-term propositions and 
thus annual sampling is projected until at least 2005 
(8 time points covering 17 years for the organohalogen 
compounds and 10 time points covering a period of 
21 years for mercury). While Phase II of NCP is now 
finished , and no further funding is expected, sample 
collections will continue (funded by DFO) and analysis 
will be done as funding permits. 
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Abstract 
Detecting and demonstrating bioaccumulation of current 
use or "new" chemicals in the Arct ic env ironment is 
crit ica l in the con text of restr icting such compounds 
under global agreements such as the Persistent Organic 
Pollutants protocol of the Convention on Long Range 
T ransboundary Air Pollution and the Stockholm Conven
tion on PO Ps. Fo r this reason, and because of concerns 
about exposure of Arcti c peo ples ro these chemicals 
th ro ugh traditional diets, fl uori nated surfactants such as 
PFOS and irs precursors were studied in a food web from 
the Eastern Arcti c incl udi ng zooplankton, Arcric cod, 
deepwater redfis h, shri mp, beluga, narwhal and walrus. 
T he highest levels of PFOS were found in mammals 
illustrat ing that they do bioaccumulate. Metabolic 
differences were fo und berween redfish and mammals 
in their ability to transfo rm the PFOS precursor 
N-EcPFOSA. T his rransformation may also contribute to 
the higher levels of PFOS in narwhal and beluga. 

G. Tomy and P. Helm 

Key Project Messages 
I. Fluorinated compounds are accumulating in the Acetic 

food with highest concentrations observed in marine 
mammals. 

2. Differences in abilities to transform fluorinated 
chemicals between species are apparent. T ransforma
tion of precursor compounds may contribute higher 
levels of PFOS in marine mammals in addition to 
bioaccumulation from lower trophic levels of the 
foodweb. 

Objectives 
I. To determine the levels of fluorinated organic com

pounds (FOCs) [perfluorooctane sulfonate (PFOS) 
and perfluorooctanoic acid (PFOA)], polychlorinated 
naphthalenes (PCNs), coplanar polychlorinated 
biphenyls (PCBs), and polybrominated diphenyl 
ethers (PBDEs) in an archived marine food web from 
the Eastern Arctic. 

2. To examine the extent of accumulation and transfer 
of FOCs, PBDEs and PCNs, and coplanar PCBs in 
the food web. 
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3. To establish baseline levels of th ese contaminants 
through a survey of the Eastern Arctic food web fo r 
comparison to fu tu re studies after poss ible addition 
of these compounds ro interna tional ag reements 
(e.g. UN-ECE LRTAP - POPs Protoco l; UNEP 

Global POPs Convention). 

Introduction 
The Arctic environment has become a sentinel fo r 
highlighting the persistence and accumulation potential of 

halogenated organic contaminants over the past few years. 
This has now been formalized in an inte rnationa l 

agreement, the United Nations - Economic Commission 
for Europe (UN-ECE) Convention on Long Range 
Transboundary Air Pollution - Protocol on Persistent 
Organic Pollutants (LRTAP-POPs protocol), in which the 

presence of compounds in "remote regions" in part fu lfills 
the criteria for long range transport poten tial. T his 
agreement and the recently negotiated Stockho lm 

Convention on Persistent Organic Pollutants have 
mechanisms for adding new chemicals to the original list 
of banned or restricted compounds. Monitoring data and 
bioaccumularion information for new compounds are cited 

in documents assessing potential additions to these lists 
(e.g. Lerche et al., 2002). 

In this study, three classes of compounds, perAuorinared 

acids, brominared diphenyl ethers, and chloronaphrhalenes, 
are examin ed for the ir occurrence, accumulation and 

t ransfer in food web components from the Eastern Arctic. 
PerAuorinared acids are surfactants used in fabrics and other 

household products. PFOS has been detected in human 
blood (H ansen et al. , 200 I) and biota from around the 
globe including remote regio ns of the Canadian Arctic 
(G iesy and Kannan, 2001 ). Additionally, perAuorosulfon

amide FOCs such as n-ethyl perAuorooctanesulfonamide 
[N-ErPFOSA], which is the insecticide Sulfuramid (used 
in the U.S), were incl uded in thi s study. This compound 

can dee rhylare ro form perfluoroocranes ulfon amide 
(PFOSA), and both N-ErPFOSA and PFOSA can fo rm 
PFOS (T omy et al. , unpublished data) . 

Po lybromin ated diphenyl eth ers (PBD Es) are fl ame 

reta rdants used in a range of consumer products including 
textiles, furniture , and electronics . The estimated global 
co nsumptio n of these compounds indicates th at th eir 

usage is on the rise (deWit, 2002) . The usage patterns, 
persistence and hyd rophobiciry of PBDEs have resulted 
in startling increases in concentrations ove r the past two 

decades in ringed seal (Ikonomou et al. , 2003) and beluga 
whales (Law et al. , 2003) in th e Canadian Arcti c. 

PCNs are a group of 75 compo unds manufactured as 
complex technical mixtures for use as dielectrics for Aame

resiscance and insulating in capacito rs, transformers, cable 

Figure 1. Concentrations (arithmetic mean ± 1 standard error) of PFOS and PFOA {ng/g, wet wt.) in an Eastern 
Arctic food web 
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Figure 2. Concentrations (arithmetic mean ± 1 standard error) of N-EtPFOSA and PFOSA (ng/g, wet wt) in livers of 
redfish, narwhal and beluga from the Eastern Arctic 
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and wires, pre-dari ng the use of PC Bs (Falandysz, 1998). 
In addition to evaporation from pasc-use materials, cur
re nt so urces o f PCNs include PCB form ulations 
(Ya mashi ta et al ., 2000) and emission from industrial and 

waste combustio n processes (e.g. Abad et al. , 1999; Helm 
and Bidleman, 2003) . PC s, proposed additions to che 
list of bann ed chemicals under che UN-ECE LTRAP
POPs protocol (Lerche et al., 2002), were found in beluga 

whales and rin ged seals fro m che southern Baffin Island 
regio n of the Canad ian Arctic (H el m et al., 2002). 

Activities 

In 2002-2003 
Archived liver (FOCs) and blubber, woplankton, and whole 
fis h and shrimp (PBDEs and PC s) were extracted and 

analyzed fo r the compounds of interest. Mammal samples 
were obta ined through Fisheries and Oceans collection 

programs and sponsored by the NWMB. Fish and shrimp 
were obtai ned fro m trawls on Davis Strait in 2000 and 2001. 
Zooplankton were collected in Frobisher Bay in 2002. FOC 
and PBDE results were presented at the NCP Symposium 
in March 2003. FO C results were presented ar Dioxin 2003 
in Boston in August and a manuscript will be submitted on 
FO Cs to the special issue of Science of the Totnl Environment. 
C urrently, samples are being re-extracted and re-analyzed for 

PBD Es and PCNs. 

G. Tomy and P. Helm 

Beluga 

Results 

PF0S and PF0A 
These compounds were dececced in all animals. Figure I 
shows the levels of PFOS and PFOA in the food web from 
che Eastern Canadian Arctic. The highest concentrations 
of PFOS were found for beluga (PFOS: 8.7-14.3 ng/g, 
w/w) and narwhal (PFOS: 3.9-16.2 ng/g, w/w). 
PFOA levels were highest for che deepwacer redfish 
(2.9-57 ng/g, w/w). PFOS (1 .1-2.1 ng/g, w/w) and 
PFOA (1.7-3.4 ng/g, w/w) present in zooplankton are 

possibly d ue ro uptake direccly from che water. 

T he biomag ni ficacion factors (BMF = mean wee wt. 
concentration in predator/mean wee wt. concentration in 
prey) of PFOS and PFOA between beluga and cod were 
9.4 and 5.4, respectively. Between narwhal and cod, 

respective PFOS and PFOA BMFs were 8.5 and 3.1. 

Neutral sulfonamide precursors: N-EtPF0SA 
and PF0SA 
Levels ofN-ErPFOSA and PFOSA in the food web were 
also examined (Figure 2) since che biocransformacion of 
N-EcPFOSA co PFOS in fis h has been demons trated 

(To my et al. , 2003). One possible reacti on pathway fo r 
che transformat io n of N-E rP FOSA to PFOS is via 
PFOSA. Deepwater red fis h had che h ighest levels of 
N-EcPFOSA (1 .3-2.9 ng/g) of all che an imals. Concentra
tions in zooplankcon, shrimp, cod, and walrus were below 
method detection li mits . Relative co redfish, the higher 
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rroph ic level animals (bel uga and narwhal) had much 
lower levels of N-EtPFOSA and higher levels of PFOSA. 

PBDEs and PCNs 
PBDEs and PCNs were detec ted in mos t samples . 
However, accurate quantification could not be undertaken 
due to an error. Re-analyses and data checks are ongoing 
fo r PBDEs and PCNs and this data will be presented 
when prepared. 

Discussion 
The highest concentrations of perAuorooctane sulfonate 
(PFOS) occurred in the beluga and the narwhal providing 
a clear indication that th is compound is bioaccumulating 
in the Arctic. However, the source of this compound to 
these mammals is yet to be determined. T he results for 
N-EtPFOSA and PFOSA indicate that the precursors to 

PFOS are present and accumulating as wel l. The pre
dominance of PFOSA over N-EtPFOSA in the narwhal 
and beluga compared to the deepwater redfish suggest 
that metabolic capabili ties differ between the species and 
that narwhal and beluga are more able to transform 
N-EtPFOSA. Such d ifferences have been obse rved 
between marine species fo r o ther orga nochlo rin e 
contaminants (Boon et al., 1989) . T he higher concentra
tions of PFOS in these mam mals may in part result from 
transformation of accumulated N -EtPFOSA in addition 
to the uptake of PFOS through the food web. This is an 
area for further study. 
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Abstract 
Populations of many North American sea ducks are 

declining. Biomarkers may offer valuab le insights regard
ing rhe health and fitness of sea ducks in relation to 
contam inant burdens. In rhis study we examined body 
condit ion, immun e function, corr icoscerone stress 
response, liver glycogen levels and vitamin A Status in 
relation co tissue concentrations of mercury, selenium and 

cadm ium in female common eiders during the nesting 

period. The study was conducted in the eastern Canadian 
Arctic during July 2000. Hepatic mercury and selenium 
and renal cadm ium concentrations ranged from 1.5-9.8, 
6.5-47.5 and 74-389 µ,g•g - 1

, dry we, respectively. 

Mercury concentrations were negatively related to dissec
tion body mass, heart mass and far mass. Cadmium 
co ncentrations were negatively related co mass at capture 

and dissection mass after controlling for rhe mercury 

concentrarion-dissecrion mass relationship. Cell-mediated 
immunity was assessed by the skin swelling reaction roan 
injection of phyrohemagglurinin-P, and was unrelated ro 
meta l co nce ntration s. After adjusting rhe corricosrerone 
co nce ncrarion co account for the rime between capture 

and sa mpling, there was a negative relationship between 
the residual corticosterone concentration and selenium. 

Liver glycogen co ncentrations were nor signifi can tly 
related co metal co nce ntrations. Mercury co ncencrarions 

were positively related ro rhose of hepatic rerinol and 
rerinyl palmirare and the ratio of the retinol to rerinyl 
palmirare in liver. They were negatively related ro the rat io 
of plasma to liver retinol. Our findings do not indicate 

M. Wayland 

that exposure to metals may have adversely affected the 
health of these birds. They do, however, suggest that more 
research is required to elucidate mechanisms by which 
exposure to these metals could impact body condition. 

Key Project Messages 
I. Populations of eider ducks and other sea ducks are 

declining. The reasons for the declines are nor known 
bur contaminants have been suggested as one of the 

possible causes . 

2. Biomarkers can offer valuable insights about the health 

of animals. When linked to information about 
contaminant burdens, they can provide valuable 
information about whether contaminants are affecting 
the health of animals. If contaminants are negatively 
affecting the health of sea ducks, their reproductive 
success and survival , and therefore population levels, 

may ultimately be affected. 

3 . Our study was done at a common eider duck breeding 
colony on Southampton Island during July 2000. 

4 . The study linked levels of mercury, cadmium and 
selenium in tissues of eider ducks to various biomarkers 
char reflect rhe overall health of the animals . 

5. In general we found that the health-related biomarkers 
that we examined were not negatively impacted by 
contaminants, although one biomarker, body condition, 
was negatively related ro contaminant burdens. This 
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fi nd ing has been reported in other studies of wild sea 
ducks. However, the find ing is not supported by 
experimental research in which captive birds have been 
fed large amounts of mercury, cadmium or selenium . 

Studies must be undertaken to determi ne why the 
findings of our and ocher studies of wild ducks differ so 
much from those of controlled, experimental stud ies. 

Objectives 
To examine che relationship between biomarker responses 
(immune function, stress response, glycogen levels, 
vitamin A status, and body condition) and tissue concen

trations of mercury, selenium and cadmium in nesting 

common eider ducks. 

Introduction 
The northern common eider (Somateria mollissima 

borealis) is a subspecies of sea duck that breeds in Arctic 
and subArctic coastal areas of Canada and Greenland. Like 
other species of sea ducks in North America, ics popula
tion has declined in recent decades (Canadian Wi ldlife 

Service er al., 1998; Grano-Trevor et al ., 1998; Robertson 
and Gilchrist, I 998; Suydam et al., 2000). Contaminants 
are believed co be one of several risk factors chat may be 

contributing to these declines (Canadian Wildlife Service, 
1998). Toxic trace elements have been found at elevated 
concentrations in North American sea ducks, includi ng 

the northern common eider (Henny et al. , 1991, 1995; 
Hoffman er al., 1998; Trust et al., 2000; Wayland er al. , 
2001). In contrast, organochlorine concentrations are 

usually very low in sea ducks (Elliott and Marrin, 1998; 
O lafsdottir et al., 1998) . Several facto rs combine co make 
the northern common eider a good bioind icacor species 

for examining metal contamination in Norrh American 
sea ducks. For example, trace metal concentrations and 

recent population trends are broadly comparable between 
the northern common eider and other species of North 
American sea ducks (Wayland et al., in press). Further
more, its colonial nesding habits make it feas ible co catch 

and sample large numbers of birds in the wil d . 

Population dynamics of sea ducks are strongly inAuenced 
by survival rates of adults, whereas reproductive success, 
at least in the short term, has licde effect (Go udie er al. , 

1994). Therefore, if contaminants are contri buti ng co 
popu lation declines in sea ducks, they are most likely 

doing so by interacting with natu ral enviro nmen ta l 
scressors in such a way as to red uce adul t survival ra tes. 
For example, contaminants, through th eir poss ible effects 

on energy and nutri ent metaboli sm and the immune 

372 

system (Lawrence, 1985; Hontela, I 997), may reduce the 

abili ty of adul ts co withstand severe winter weather condi
t ions or the rigo rs of nesting. Such scressors may lead co 
mo rtali ty or a he ightened susceptibility to di sease 

(Korschgen, 1977; Fournier and H ines, 1994) . 

At present, logisti cal considerati ons limit che abili ry of 

resea rchers to co nduct lo ng- term studi es chat wo uld 
directly li nk the survival of sea ducks to their contaminant 
burdens. H owever, the use of biomarkers may provide a 

reasonab le alternat ive to such studi es. Bio markers are 
valuable coo ls because chey can provide insight into the 
health sta tus of indi vid ual animals (D epledge er al. , 

1993) . Such insights may be improved by simul ta neously 
examining a suite of bio markers, chosen specifically co 
reAect ani mal health and fitness (S tegeman er al. , 1993). 
W hen lin ked co in fo rmation about contaminant levels, it 

may be poss ib le co asce rtain wheth er exposure to 
con taminants is affect ing th e hea lth and fitn ess o f a 

particular populatio n of animals. 

Body condi ti on may be considered as a general biomarker 
of effect (Stegeman et al ., 1993) in sea ducks because it has 

been related to exposure co metals (Debacker et al. , 2000; 
Spalding er al. , 2000; Yamamoro and Santo lo, 2000; 
T akekawa et al. , 2002) and is an im portant determinant of 

fitness and survival in ducks (Milne, 1976; Berga n and 
Smi th, 1993). Similarly, changes in the immune system, 

which can affect susceptibili ty co disease, may provide 
sensitive, early warni ng signals of che toxic effects of metals 
(Lawrence, 1985; Weeks et al. , 1992) . Another potentially

useful biomarker that may be affected by exposure to toxic 
metals is the res po nse to acute stress, as evaluated by 
measure ments of corticostero ids (H ontela, 1997) . 

Corticosteroid hormones are relevan t co animal heal th and 
fitness because of their role in regulating energy metabo

lism, maintai ning osmotic balance and suppressing immune 
responses (H o ncel a, 1997). W hen acco mpanied by 

measurements of glycogen reserves, it is possible co assess 
whether contaminant-induced changes in adrenal function 

are having an effect on the physiological status and fi tness 
of che an imal. G lycogen reserves are stro ngly inAuenced by 
co rticostero id activity and are an importan t source of 

energy in fas ting animals (H oncela, 1997) . Vitamin A is an 
essential micronurrient in vo lved in growth , development, 
reproduction and immune function (U nderwood, I 984; 
Dennert, 1984). le has been widely applied as a biomarker 

in studies examining the effects of chlorinated hydrocar
bons on wildlife (Roll and, 2000). Vi tamin A sto rage and 
metabolism are also known co be affected by ex posure to 

certain metals such as cadmium (Sugawara and Sugawara, 
I 978; Massanyi et al. , 1999) . 
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In this study, we used a biomarker approach to assess 
whether exposure to cadmium, mercury and selenium is 
affecting the health and fitness of nesting, female common 
eiders at a location in the Canadian Arctic. We speci fically 
examined relationships between tissue metal concentra
tions and body condition, immune fun ct ion , th e 
co rti costeroid stress response, glycogen rese rves and 
vitamin A concentrations. 

Activities 

In 2000-2001 
This study was conducted at a common eider breeding 
co lony located within the East Bay Migracory Bird 
Sanctuary in N unavut, Canada (64°04 'N, 82°00'W) 
between July 4- 23, 2000. 

Twenty-one female common eiders were captured on nests 
between the second and third week of incubation . A 
standardized field protocol was used co collect data or 
samples for assessment of (I) immune function (2) stress 
res ponse (3) liver glycogen levels (4) vitami n A status, 
(5) body condition (6) body size (7) liver mercury and 
selenium concentrations and (8) kidney cadmium 
concentrations. 

Immune function was assayed by th e sk in swelling 
respo nse co an intradermal injection of the micogen 
phycohemagglutinin-P. Stress response was defined as the 
residual of the corti cos terone concentration after 

adjustment for rime since capture. V itamin A status was 
invest igated by determini ng concentrations of retinal in 
plasma and liver and retinyl palmi tate in liver and by 
calulacing ratios of plasma to liver retinal and liver retinal 
to liver retinyl palmitate. Overall body size was estimated 
fro m various morphometric meas urements that were 
in tegrated in a principal components ana lysis. Various 
indices of body cond ition were used including body mass 
at capture, body mass at dissection (b irds were killed one 
day after capture), heart mass, liver mass, kidney mass and 
sp leen mass and mass of abdominal and leg fat. Where 
necessary these masses were adjusted for body size. 

Statistics 

Data were checked for normality (W-statistic, PROC 
UNIVARIATE, SAS Institute, 1988). Where necessary, 
data were transfo rm ed using log, square-root or rank 
(Conover and Imam, 1981) transfo rmations co normal ize 
data. Principal component analysis was used to derive a 
principal component (PC I) from che combination ofHL, 
BL, CL, NL, TL, WL and KL. PC I explained 56% of the 
var iabi lity and was positively co rrelated with each 
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morphometric variable. le was used an index of structural 
size. We regressed body/organ masses on PC! and used 
residuals from those relationships with P-values < 0.1 in 
subsequent analyses (Kellett and Alisauskas, 2000). 

We defined the stress response in two ways : (I) the 
residual corticoscerone concentration in the first blood 
sample taken as soon as possible following capture 
(8 ± 5 min, mean ± ISO, 4-23 min, range), and (2) the 
residual corticosterone concentration in the second 

sample taken 23-50 min after capture (37 ± 6 min, 
mean± ISO, 23-51 min, range). Residuals were calcu
lated as differences between observed concentrations and 
those expected based on the linear relationship between 
corticosterone concenrrarion and rime since capture 
(corticosterone ~ I 0 .8 + 0.8 timem;,

0
, ,., P < 0.000 I, 

R2 ~ 0.45) and capture mass. 

We used residuals from relationships with P-values < 0.1 
in subsequent analyses. In these preliminary analyses that 
examined relationships between biomarkers and potential 
covariates such as body size and weight and, in the case 
of corticosrerone, time since capture, we used the more 
liberal significance value of0. l (than the traditional 0.05), 
because we believed it would be more appropriate co 
account for the possible inAuence of these covariates than 
it would be to ignore their possible inAuence. 

Then, multiple regression (forward selection method, 
PROC REG, SAS Institute, 1988) was used co examine 
che relationship between tissue metal concentrations 
(independent variables) and biomarker responses (depen
dent variables). A significance level of 0.05 was used for 
these analyses . However, in keeping with the contention 
that statistical hypothesis testing has been overused in 
wildlife science and chat more importance needs co be 
placed on describing the strength and direction of effects 
(Guthery et al., 2001), we also report trends in the data 
and use graphs to describe the relationships. 

Results 

Metal concentrations 
The geometric mean hepatic selenium concentration in the 
eiders was 16.1 µ,g·g - 1 (range: 6.5-47.5) (Table I). Mercury 
concentrations in liver averaged 3.3 µ,g•g - 1 (range: 1.5-9.8) 
while chose of cadmium in kidneys averaged 164.6 µ,g•g- 1 

(range: 74.1-389.1). Metal concentrations were not corre
lated with one another (all Pvalues 2 0.28). The selenium: 
mercury molar ratio averaged 15.1 ± 10.8 (mean± ISO) and 
ranged from 4.8-51.7. 
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Body condition and metals 
Body and organ masses were not significancly correlated 
with our index of structural size (PC!) (all Pvalues > 0.1 ). 
Therefore, it was not necessary to adjust for structural size 

before examining the relationships between metals and 
body and organ masses. Hepatic mercury concentrations 
were negatively related to dissection mass (P = 0.016, 
R2 = 0.27), heart mass (P= 0.007, R2 = 0.32) and fat mass 
(P = 0.007, R2 = 0.33) (Table 2, Fig. I). After controlling 

Table 1. Geometric means, 95% confidence limits and 
ranges of hepatic selenium and mercury and renal 
cadmium in 21 female, nesting common eiders. Units 
are in µg-g- 1, dry wt 
Metal Mean 95% CL Range 

Selenium 16.2 12.8-20.4 6.5-47.5 

Mercury 3.3 2.6-4.2 1.5-9.8 

Cadmium 164.6 138.0-196.3 74.1-389.1 

for its relationship to mercury co ncen tration, d issect ion 
mass was negatively related ro renal cadm ium and the 

relationsh ip was nearly sign ificant (P = 0.056, R2 = 0.14) 
(Table 2). Cadmium concentration was also negatively 
related to capture mass (P = 0.02, R1 = 0.25) (F ig. 1). 
Kidney mass was positively related ro hepatic seleni um, the 

relationship approaching sign ificance (P = 0.07, R1 = 0.16) 
(Table 2). After controlli ng for selen ium, kidney mass was 
negatively related to cadmium concentrat ion (P = 0.03, 
R2 = 0.14) (Table 2). 

Immune function 
Cell-mediated imm uniry as evaluated by the PHA skin 

test was not sign ifica ncly related to metal concentrations 
(P = 0.27) (Table 2). The PHA skin response averaged 

0.5 mm (!SE= 0.19, range= -0.05-3.60). 

Stress response 
The residual corcicosrerone concentration in che first 
blood sample, taken as soon as possible after capture, was 

Table 2. Summary of results of multiple regressions of various res ponse variables on tissue trace element 
concentrations in nesting, female common eider ducks 
Variable 

Body mass at 1st capture 

Body mass at dissection 

Liver mass 

Kidney mass 

Spleen mass 

Heart mass 

Fat mass• 

CMI' 

Stress response l ' 

Stress response 2' 

Plasma retinol 

Liver retinol ' 

Liver retinyl pa Imitate 

reti nol,,.,./retinol ,,,.,' 

retinol/retinyl palmitate• 

Model Step 

NOTE, Variables in rows with dashed lines had P-values > 0.1 

Trace Elem ent' 

Cd 

Hg 
Cd 

Se 
Cd 

Hg 

Hg 

Se 

Hg 

Hg 

Hg 

Hg 

Sl ope Partial R' Pr > F 

-486.6 0.25 0.021 

-382.8 0.26 0.016 
-370.8 0.14 0.056 

3.6 0.16 0.071 
- 5.2 0.19 0.03 

-5.5 0.33 0.007 

-4.1 0.33 0.007 

-16.5 0.17 0.067 

0.82 0.32 0.008 

29 1.8 0.2 0.04 

- 16.9 0.37 0.004 

4.0 0.23 0.029 

1 concentrations of all trace elements were log 10-transformed prior to analysis. Mercury and selenium were analyzed in livers and cadmium was analyzed in kidneys 

b values were square root-transformed 

c rank-transformed values for cell-mediated immunity based on PHA skin test as described in Methods 

d measured as time-adjusted residual plasma corticosterone concentration determined in the first 20 min after capture 

e measured as time-adjusted residual plasma corticosterone concentration determined between 25- 50 min after capture 
1 values were log 10-transformed prior to analysis 

e values were rank-transformed prior to analysis 
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Figure 1. Relationship between the concentration of Cd in kidney and and body mass at capture (upper left), and 
the concentration of Hg in liver and body mass at dissection (upper right), heart mass (lower left) and fat 
mass (lower right) in nesting, female common eiders. Metal concentrations were log10-transformed and fat 
mass was square-root transformed prior to analysis 

" ~ 

Body mass at capture= 2562.3 - 486 .6(1og10(Cdkidflt)')) 

P=0.01 , R2=0.15 
2000 --------------~ 

• • 1750 

1500 

m 1250 • 
1000 -+--------~-------< 

50 200 

Cd in kidney (ppm. dry wt) 

Heart mass= 18.0 - 5.5(Iog 10(Hg 11~er)) 

P=0.007 , R2=0.33 

500 

24 --------------~ 

20 • 

12 

1 2 10 

Total Hg in liver (ppm, dry wt) 

negatively related to hepatic selenium concentration, but 
the relationship was not quite significant (P = 0.061 , 
R2 = 0.17) (Table 2, Fig. 2) . lt was not significantly related 

to mercury or cadmium (Pvalues > 0.05). After account
ing for the amount of time since capture, the residual 
corcicosterone concentration in the second set of blood 
samples, taken approximately 30 min following capture, 
was positively related co capture mass (P = 0.008). After 
accounti ng for time since cap ture and capture mass, there 

were no significant relationships between residual corti
costero ne concentrations in the second set of blood 
samples and tissue metal concentrations (P > 0.05). 
Corricosrerone co ncentrations in rhe second series of 
blood sample ave raged 42.2 ng-ml - 1 ( !SE = 3.3, 
range = 13.4- 72.1). 

Glycogen 
Glycogen co ncentrations in liver were not significantly 

related co metal concentrations (P > 0.5). Glycogen 
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concentrations averaged 3.6 mg•g- 1 (!SE 0.85 , 
range= 0.6-1 7.1 ). 

Vitamin A 
Retinal , retinyl palmitate, the ratio of serum co liver 
retinal and the ratio of liver retinal co retinyl palmitate 
were not significantly related co capture mass or dissection 

mass (all P values 2'. 0.35). 

Mercury concentration was positively related co retinal 
(P = 0.008, R2 = 0.32) and retinyl palmitate concentrations 
in liver (P = 0.045, R2 = 0.2) (Table 2, Fig. 3). The ratio 
of serum co liver retinal was negatively related (P = 0.004, 
R2 = 0.37) and chat of liver retinal to liver retinyl palmitate 
was positively related to mercury (P = 0.03, R2 = 0.23) 
(Table 2, Fig. 3). Cadmium and selenium were not 
significantly related to the above measures of vitamin A 
status (P > 0.05) and serum retinal was not significantly 

related to any of the three metals (P = 0.05). 
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Discussion 

Metal concentrations 
In these nesting, female common eiders, hepatic mercury 
concentrations were similar co and renal cadmium con

centrations were similar to or sl ightly higher than those 
in other studies of sea ducks (Lande, 1977; Karlog et al. , 
1983; Norheim, 1987; N ielsen and D ietz, 1989; H enny 
er al. , 199 1; Henny er al. , 1995; D ietz er al. , 1996; 
Holl men er al. , 1998; Franson er al., 2000; T rust er al. , 
2000; Wayland er al., 200 1; Wayland et al., 2002) . 
However, mercury concenrrations in these eiders were 
lower than those found in sea ducks in San Francisco Bay, 
USA (Ohlendorf et al. , 1986; Hoffma n et al. , 1998). 
Selenium concentrations were sim ilar to those found in 

several of the studies cited above. However, they were 
lower than chose found in common eiders in Finland 
(Hollmen er al., 1998), in spectacled eiders (Somateria 
fischerz) in Alaska (Trust et al., 2000) and in scorers 

(Melanitta sp .) from Alaska and San Francisco Bay 
(Ohlendorf er al., 1986; H offman et al. , 1998; H enny er 

al. , 1995). 

We did nor measure organic mercury in the livers of these 
eiders. However, in an earl ier study we repo rted chat 

organic mercury accounted for about 70-88% of rhe total 

mercury found in the livers o f eiders (W ayl and et al. , 
2001). T his agrees with the find ings of Scheuhammer et 

al. (1998) who fo und that organ ic mercury comprised rhe 
majori ty of the mercury in rhe livers of birds when total 
mercury levels were relatively low (< 10 µ,g•g - 1 dry wt) . 

Body condition and metals 
W e found that mercury concentrations were negatively 

related to dissection mass, heart mass and far mass . We 
reported sim ilar results in an earl ier study of pre-nes ting 
common eiders (Wayland et al. , 2002) . Other fi eld stud

ies of sea ducks also reported that mercury was negatively 
co rrelated with body mass or hea rt mass (Ohlendorf et 
al. , 1991; H offman er al. , 1998) . Our res ults are consis

tent with those of a study in which captive great egret 
(A rdea a/bus) nestl ings were fed d iets contain ing 0.5 or 
5 mg-kg- 1 merhylmercury chloride in fi sh (Spald ing et 

al. , 2000). In that study, hepatic mercury concentrations 
averaged I 5 and 140 µ,g •g- 1 in birds o n rhe low- and 

high-dose di ets, respectively, and body mass rel ative to 
size was lower in the rwo mercu ry-fed groups th an in a 
control group. Simi larly, young ch ickens that were fed a 

diet containing 6 mg- kg- 1 merhylmercury weighed less 
than their counterparts on a contro l diet (Fimreire er al. , 
1970). H owever, mercury levels in mussels, the mos t 

Figure 2. Relationship between residuals of plasma corti costerone concentration {ng-ml- 1
) and Se 

concentrations {µ,g-g- 1
) in liver in nesting, female common eiders shown on a logarithmic scale. 

Residuals of plasma corticosterone concentration were calculated as the difference between observed 
corticosterone concentrations and those predicted from the relationship between corticosterone 
concentrations and the amount of time from capture until blood samples were taken 
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{corticosterone = 10.8 + 0.Stimeminutes, P < 0.001 , R' = 0.45). It was necessary to add 11 .2 to all residual 
corticosterone concentrations in order to be able to log-transform them prior to analysis 
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Figure 3. Relationships between log10-transformed concentrations of Hg in liver and the following measurements of 
vitamin A status: log10-transformed concentrations of retinal in liver (upper left), concentrations of retinyl 
palmitate in liver (upper right), the rank-transformed ratio of retinal in serum to retinal in liver (lower left) 
and the rank-transformed ratio of retinal in liver to retinyl palmitate in liver (lower right) 
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important food fo r eiders (Bustnes and Erikstad, i 988) 
are much lower than the dietary doses cited above, usually 
less than 0.1 µ.g•g- 1 (D ietz et al., 1996; R.igert et al., 
2000). T hus, their findin gs may not be directly applicable 
to eiders. Furtherm ore, several studies in which adult 
birds were fed rel atively high concentrations of mercury 
in the diet did no t show evidence of lower body weights 
in the mercury-dosed grou ps (F imreite, 1971; Heinz, 
1979; Heinz and Hoffman, 1998). 

We found that cadmium concentrations were negatively 
related to capmre mass, d issection mass and kidney mass. 
We reported similar findi ngs in earlier studies, specifically 
that cadmium was negatively related to body mass and 
fat mass in pre-nesting, fe male common eiders (Wayland 
et al. , 2001 , 2002) . O ther fi eld smdies of sea ducks have 
reported negative co rrelations between cad1n ium concen
trations and body mass (H enny et al. , 199 1; Franson et 
al., 2000). H owever, as was the case for mercury, there is 
little ex perimental evidence that cadmium has an effect 
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on body mass of adult birds (White and Finley, 1978; 
DiGiulio and Scanlon, 1985; Bennett et al., 2000). 

The lack of agreement between experimental feeding 
studies and field smdies may indicate that cadmium and 
mercury can affect body condition of wild birds through 
indirect mechanisms that are not present among captive 
birds. An alternative explanation is that, in the wild, 
cadmium and mercury concentrations fluctuate seasonally, 
in response to normal patterns of weight gain and loss 
(Rattner and Jehl Jr., 1997). In our smdy, birds were 
incubating eggs, an activiry that lasts for approximately 
24 days during which time they do not eat (Parker and 
Holm, 1990; Bonita, 2001). Consequently, eiders lose 
about 25% of their body mass during incubation (Parker 
and Holm, 1990). During this period, it is likely that 
relatively immobile metals such as cadmium and mercury 
would become increasingly concentrated in the decl ining 
pool of tissue. 
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Immune function and metals 
We did not find evidence chat che cell-mediated immune 
response co an injection of PHA-P was affected by 
exposure co mercury, cadmium or selenium at the levels 

observed in this study. In an earlier study, we reported 
that selenium concentrations were positively related co 
PHA-P-induced skin swelling in eiders (Wayland ec al., 
2002). This result coupled with che known beneficial 
effects of selenium on immune function in experimental 
animals (Kiremidjian-Schumacker and Roy, 1998), led us 

co speculate that selenium may enhance cell-mediated 
immunity in eiders (Wayland ec al., 2002). In our earlier 
study, tissue selenium concentrations were similar to those 

found in this one, indicating chat the results from che cwo 

studies should have been similar. That they were not 
suggests that our previously-held view may not be 
warranted, especially when ic is considered that inter
annual consistency is very important when inferring 

causality from contaminant exposure data (Fox, 1991 ). 

Stress response and metals 
We found that corticosterone concentrations in plasma 
in the first series of post-capture blood samples were 
negatively related co those of selenium in liver. This result 
is somewhat similar co our results in an earlier study of 

pre-nesting common eiders (Wayland et al., 2002). 
However, in that study, the stress response was calculated 
slightly differently than in this study. The relationship 

between the stress response and selenium was not evident 
in the second series of blood samples taken approximately 
30 min following capture. In agreement with our findings 

based on che first blood sample, selenium reduced 
corticosterone synthesis in seal adrenal glands (Freeman 

and Sangalang, 1977) while relatively high plasma 
selenium concentrations were associated with low basal 
serum cortisol levels in humans (Erfurth ec al., 1990). In 

contrast, acute exposure co selenium was associated with 
increased corticoscerone concentrarions in rats (Rasekh 
ec al., 1991; Pocmis et al., 1993) while selenium deficiency 

was associated with reduced corticosterone secretion 
in-vitro (Chanoine et al., 200 I). The implications of 

varying levels of dietary intake of selenium over the long 
term need to be evaluated in order to understand whether 
selenium status of these sea ducks affects their corticos
rerone response to acute stress . 

In an earlier study (Wayland et al., 2002), we found chat 

cadmium levels were positively related co corticosterone 

stress responses of fasting, female eiders during the nesting 
period. The finding was supported by experimental 
evidence that mallards (Anas platyrhynchos) chat were 

simultaneously food-restricted and exposed co cadmium 
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had higher concentrations of corticosterone chan their 
non-cadmium exposed and non-food-restricted counter

pans (Di Giulio and Scanlon, 1985) . In this study, we 
did not find evidence of a relationship between cadmium 
and the corricosterone srress response in nesting eiders. 

Because of the lack of consistency between years, we 
cannot conclude that cadmium exposure is related co che 
magnitude of che stress response in eiders. 

Vitamin A and metals 
We found chat hepatic mercury co ncentrations were 

positively related co those of hepatic retinal and recinyl 
palmitate and the ratio of retinal co retinyl palmitate in 
liver. They were negatively related to the ratio of plasma 

co liver retinal. These results suggest that mercury may 
have affected vitamin A status in these birds. The relation
ship between mercury levels and ratios of retinol:retinyl 

palmicate suggests that mercury may affect processes that 
influence the enzymatic conversion of retinyl palmitate 
to retinal or vice versa. The negative relationship between 

mercury and the ratio of plasma to liver retinal suggests 
that mercury may affect the mobilization of retinal from 
the liver co the blood stream. Retinal mobilization to 

blood is highly regulated and depends primarily on the 
secretion of the transport protein, retinal-binding protein 
(RBP), which, in turn, depends on the availability of 

retinal in liver cells and in blood (Goodman, 1984). 

Relatively few studies have examined the effect of mercury 
exposure on vitamin A status. Mercury, provided at 

extremely high concentrations in food to pigs and rabbits, 
was associated with a reduction in vitamin A in their liv
ers (Abdelhamid, 1988; Raszyk ec al., 1992) . However, 

in those studies, the autho rs found evidence of damage 
to kidn eys, livers and other organs. Such damage can 

affect the storage, metabo lism and excretion of vitamin A 
(Goodman, 1984; Underwood, 1984). There was no 

hiscopachological evidence of damage to livers and kidneys 
of common eiders with tissue concentrations of mercury 

and ocher metals chat were similar co those found in chis 
study (Wayland et al., 200 I). Thus, che results of those 

experimental studies are probably not applicable co our 
study. The relatively low levels of mercury in eider livers 

in this study coupled with che relatively high selenium to 
mercury molar ratios should have precluded any toxic 
effects of mercury (Scheuhammer, 1987). We are unaware 

of studies that have exami ned the relationship between 
vitamin A status and relat ively low but chroni c mercury 

expos ure. Such stud ies are needed in order to properly 
interpret the results we obtai ned. 

There is much evidence chat halogenated aromatic hydro

carbons (HAHs), such as PCBs and dioxins, have affected 
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rhe vitamin A status of wi ldlife (Rolland, 2000) . We 
cannot discount rhe possibility that variation in our 
vitamin A data may have been attributable to exposure to 
HAHs (which we did not measure) . However, HAH 
concentrations in li vers of eiders are normally very low 
(to tal PCBs < 0.1 µg•g - 1 wet wt, O lafsdottir er al., 
1998). In comparison, Murk et al. (1998) estimated that 
the vitamin A status of European otters (Lutra lutra), a 
species that is very sens itive ro PC Bs, would not be 
affected when PCB concentrations in their livers were 
:S 4 mg-kg- 1 (based on rh e sum of seven common PCB 
congeners) . Based on the results of these studi es, we do 
nor believe that HAH exposure in these eiders would have 
been sufficient to affect their vitamin A status. 

In this study, 15 multiple regression tests were used to 
examine the relationships between metal concentrations 
and biomarker responses. This could lead to the reporting 
of spurious significant res ults. Therefore, we have 
interpreted the results conservatively in order to avo id 
placing too much emphasis on statistical significance. We 
have emphasized rhe similari ty or dissimilariry of these 
results to those we reported in an earlier paper (Wayland 
et al. , 2002) and to those described elsewhere in the 
literature. Further, we have questioned the validity of some 
significant results that either were inconsistent with results 
reported in earlier studies or did not conform with accepted 
theory. At most, we have contended that such significant 
results may provide a basis for further research. Only when 
our results were supported by theory and consistent with 
res ults reported elsewhere in rh e literature have we 
suggested that the relationships were likely to be 'real'. 

Overall, most of the res ults of this srudy and our earlier 
studies (Wayland er al. , 2001; Wayland et al., 2002) have 
failed to consisrenrly show adverse health-related effects 
that could be attributed to exposure to mercury, selenium 
or cadmium. However, relatively high tissue concentra
tions of mercury and cadmium were consistently associ
ated with relatively poor body condi tion, a finding that 
was supported by other field studies but not supported 
by experimental dosing studies using captive birds. Future 
research should determine whether exposure of free-living 
birds to metals can affect their body condition through 
mechanisms that are not operative in experimental studies 
using ca ptive an imals. 

Expected Completion Date 
Project has been completed. 
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Patrick Roa ch, Contaminants/Waste Programs, Renewable Resources, 
Indian & Northern Affairs, Whitehorse, Yukon. 

Project team 
Yukon Contaminants Committee, and various other stakeholders 
for the individual projects. 

Abstract 
The Yukon Contaminants Committee (YCC) provides 
direction to che Local Contaminants Concerns (LCC) 
program. The LCC is intended to address concerns raised 
by individuals and Yukon communities regarding 
potential local sources of contaminants, rather than the 
long-range transport issues. Many of these are unplanned 
or "walk-in" projects chat occur through contact with the 
YCC. A number of these usually involve deformed fish, 
which people are concerned may have acquired the 
deformities through elevated levels of contaminants. In 
the 200 I field season there were four major investigations 
under LCC. The first was a project lead by a graduate 
student from the University of British Columbia, who 
was investigating the potential for mining to effect local 
vegetation. The second was a sampling trip to ltsi and 
Pelly Lakes to determine if the underlying geology was 
contributing to increased levels of mercury, as it may have 
in fish in the Northwest Terittory. The third study was an 
associated trip co rwo old mineral exploration sites . The 
fourth was a response to concerns raised by a Yukon First 
Nacion regarding a large number of abandoned barrels or 
oi l drums located on a creek. 

Key Project Message 
The Yukon Local Contaminants Concerns (LCC) program 
provides for timely responses to public concerns to specific 
issues. Discrete studies are conducted and the results are 
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considered to determine if a larger study is warranted or if 
the issue requires a response from a regulatory authority. 
In this way che LCC either answers the local concern or 
feeds into ocher agencies or the regulatory process. 

Objectives 
I. To address local concerns related to contaminated sites 

in the Yukon in a timely manner; 

2. To evaluate individual issues and respond back to 
the community and/or determine the responsible 
authority. 

Introduction 
The Yukon LCC program receives direction from the 
Yukon Contaminants Committee (YCC) and provides a 
format for responding prompcly co local specific concerns 
regarding contaminants. The LCC process includes both 
planned projects and a number of unplanned or "walk-in" 
concerns annually. 

Consequently, work under LCC varies yearly, but the 
focus remains in dealing with specific concerns through 
che use of a discrete study. LCC studies usually result in 
a sma ll report to the person or community which 
originated the concern, but occasionally resulc in either a 
larger study being planned or turning the issue over to a 
regulatory authority. Often there is no contaminant 
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problem identified, but the LCC process provides for a 
great deal of "peace of mind" for the persons o r commu
nities involved. 

Activities 

In 2001-2002 
A number of projects were conducted during the 200 I 
field season. As usual a number of small walk-in projects 
were covered and four larger studies were conducted . 
These four projects are covered here . 

Metal contamination in berries and plants 
harvested by the Little Salmon Carmacks 
First Nation, Yukon Territory 
This project addressed a concern expressed by the Little 
Salmon Carmacks First Nacion (LSCFN), regarding che 
contamination of local vegetation by a mine. Members of 
the First Nacion gather berries and hunt in the Mt. Nansen 
region near Carmacks, Yukon. Recent practices by the BYG 
Natural Resources Inc., a gold mining company, left the 
LSCFN strongly concerned about exposure ro contami
nants through their traditional foods, and consequent risks 
to their health. Other mine sites near Carcross, YT (the 
Venus Mine and the Arctic Gold and Silver Mine) have 
recently been reclaimed and their tailings capped. These 
sites occupy land traditionally used by the CarcrossiTagish 
First Nations, who are concerned abo ut health risks 
associated with direct or indirect consumption of plants 
growing in che area. The study was designed to accom
modate the concerns of both commun ities in one study. 

With assistance from First Nacion field assistants and 
Elders during the summer of 200 I , medicinally- and 
culturally-significant plants were successfully identified 
and sampled. Soil and background samples were also 
collected to ensure prope r methodology. Analys is of 
inorganic and organic arsen ic in plants growing near gold 
mine tailings that are suspected or already identi fied as 
sources of arsenic contam ination was conducted . 

Following laboratory analyses for arsen ic contents, results 
will be statistically ana lysed for spatial and temporal 
t rends using data from this and previous studi es, to 
identify any locations with high-hea lth risks using 
national and international guidelines. Ultimately, the goal 
is to determi ne if the plants are safe to ear. 

During fall 2002, fin al res ults will be presented to com
munity members and other in terested parries through 
o ral and poster presentat ions and in non-techni ca l 
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reports. Technica l and journal manuscrip ts based on the 
research will also be submitted after completion of the 
MSc d issertation by H. N icholson. 

Results 
The sampling has been taken in both locations and the 
sampl es have been sent for analysis. While the analys is is 
completed, the data is currently under evaluation by 
Ms. N icholson. A full presentation package is anticipated 
for the ea rly fa ll of 2002. 

Discussion and Conclusions 
T here are a large number of old mine sites in the Yukon 
and a signi fica nt amount of arsenic-bearin g rock in the 
loca l geo logy. Knowi ng more about which species of 
tradi tionally harvested plants have a tendency to accumu
late arsenic, fro m both natural and anthropogenic sources, 
will be a valuab le cool fo r che YCC to have ava ilable. The 
Commi ttee often has questi ons from concern ed indi
viduals, regarding rhe consum ption of country foods. The 
more derail ed the kn owledge of these foods, by species, 
the mo re accurate the response the YCC can provide. 

Expected Completion Date 
T his project is expected co end in the fa ll of 2002. 

ltsi and Pelly Lakes 
Studi es in the No rthwest T errito ri es have indicated ele
vated levels of mercury in predatory fi sh, in Lakes west of 
the Nahanni Mountains (Lockhart et al. , 2001; Evans and 
Lockhart, 2001 ). T he underlying geology in this region 
has shown naturally high levels of H g and while there is 
no indication as yet as to whether this is an inAuence on 
the levels in the fi sh, a similar region of geo logy exists in 
the Yukon (Painter er. al. , 1994) . T his area on the Selwyn 
Basin shows H g concentratio ns in strea m sediments are 

189 µ gig rather than the average of 56 µ gig in the rest 
of the Yukon. A proposal to extend the No rthwest 
Territories wo rk in to thi s region of the Yukon, was sub
mitted to NCP fo r research during the 200 I fi eld season. 
W hile this wo rk was subsequently nor funded, the local 
Ross River Dena First Nacion, in whose area the work was 
to have taken place, had been contacted as part of the 
on-going NCP consultation process. T his led to concerns 
and an expectation of an evaluation of the fi sh from lakes 
identified in the proposal. T he YCC was contacted and a 
small sampling study was deve loped ro cover two lakes 
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Figure 1. Muscle mercury concentrations in trout of 
varying lengths collected from ltsi Lakes in 
2000. The red line corresponds to the guideline 
level of 0.20 mg-g 1 recommended for 
subsistence fisheries 
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from the list on the proposal. Both of the lakes selected 

have a pop ul ation of lake trout and a small but consistent 
tradi t ional harvest of them . The two lake chains investi
gated were Irs i Lakes, on the North Cano! Road, near 
Macm illan Pass, and Pelly Lakes located Northeast of Ross 

River, Yuko n. 

Water samples were collected from each lake system and 

five lake trout were collected from !tsi Lakes. The collection 
of trout from Pelly Lakes was initially unsuccessful and the 
sudd en end of the 200 1 field season el iminated the 
potential for acquiring fish until the 2002 field season. 

Results 
Water samples from Pelly and !tsi Lakes were well below 
the CCME guidel ines for aquatic health; 0 .1 µg/L. The 
largest lrsi Lakes trout contained fish tissue mercury 

co ncentrat io ns sli ghtly greater than the subsistence 
consum ptio n levels of 0.2 µ gig, at 0.228 µg/g. 

Discussion and Conclusions 
T he water sa mpl ing is cons istent with results reported in 
the Northwest Terri rories (Evans and Lockhart, 2001), 

where the wate r chemistry indicated low levels for Hg, 
despi te the elevated levels of H g in the underlying geol
ogy. T he fis h t issue concentrations in the !tsi Lakes trout 
is cons istent with othe r Yukon lakes and reported values 

fro m Northern lakes fo r H g in predatory fish (Lockhart 
et al. , 2001 ). T hi s has left a nu mber of questions regard
ing the cause of variations in Hg levels in predarory fish. 
T here is no clear con nection ro natural or anthropogenic 

sources, and the variatio ns may be due ro subtle charac
teristi cs of the food web from ind ividual lakes. The small 
n = 5 sa mple size is roo limited ro answer these larger 
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questions and a much more extensive study of the food 
web of ltsi Lakes would be requ ired to provide further 
clarification. Sampling at Pelly Lakes in 2002, wi ll take 
place to meet the commitment made ro the Ross River 

Dena people . 

Expected Completion Date 
This p roject is expected ro end in the fall of 2002. 

Howard 's Pass and MacMillan Pass 
This was a water quality study related ro the work being 
conducted at Irsi and Pelly Lakes. The concerns about 
elevated levels of Hg in the native rock of the boundary 
area between the Yukon and Northwest Terrirories, led ro 

concerns regarding the potential for Hg drainage from 
two known ore bodies located in this region. Both of 
theses ore bodies had exploratory drifts completed into 
rhem . The drift at Howard's Pass was opened by Placer 
Dome in the 1970s, and the Tom property at MacMillan 
Pass was explored underground by Hudsons Bay Mining 
in the same period. Both have open adits, which drain ro 
the local watersheds. Sampling of these adit drainages for 

Hg has been limited and past sampling was suspect 
(Whirley, pers. comm ., 2001), due to the sampling 

prorocols employed at the rime. Subsequently, grab 
sampling of both adirs was conducted in the early summer 
of 200 I, with the intention of supplementing the work 
being done at lrsi and Pelly Lakes . 

The ores at both sires are composed of sphalerite (zinc 
sulphide), a mineral readily chemically weathered and 
known ro contain substantial mercury in the deposits at 
Howard's Pass (Painter, 1994). While similar sulphide 
ores exist at the Tom Property (Burns and de Graff, 1999; 
Kwong and Whitley, 1992) , the Hg levels are unreported 
by Hudsons Bay Mining. Natural acid rock drainage 
occurs in both of the Passes and acid mine drainage is 

substantial at both of the adits. As both sites are zinc ore 
bodies, the levels of zinc and associated metals are quire 
high in the adit discharges. 

Results 
Total mercury determined in the water samples taken 
from the drainages at rhe adirs and upstream and down
stream were below the detection limit of 0.002 mg/L. 
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Table 1. Comparison of water chemistry of metals that exceed CCME guidelines (2001) at Howard's and Macmillan Pass 
to the guidelines. Water samples were taken in June 2001 

Howard's Pass - Don Creek MacMillan Pass - Tom Creek CCME Guidelines 

Metal u/s Adil d/s u/s Adil d/s Drinking Water Protection of Aquatic Life 

Aluminum 1430 40 1240 5430 18,400 7720 5 to 100 

Cadmium 3 >I 6 97 18 5 0.017 

Copper 14 25 121 104 156 > 1000 2 to 4 

Iron 1980 118 2200 5800 82 ,900 10,300 300 300 

Lead 90 >5 75 40 104 86 10 1 to 7 

Zinc 597 802 860 627 21,100 3140 > 5000 30 

Please Note: Concentrations are in µg/l. Balded figures exceed guidelines. Guidelines are used for comparison only 

Discussion and Conclusions 
While the concentration of other metals in the adit drain
ages is high, Hg levels are below the detection limit. It 
appears that while the levels of Hg in both the reported 
ores and sediments are elevated, it is not mobilizing into 
the water column at measurable levels. Values obtained 
for the other metals have been passed to the appropriate 
regulatory authority for possible action. 

Expected Completion Date 
This project is completed. 

Tizra Creek 
Residents from Old Crow, Yukon reported a large number 
of barrels at the conRuence of Tizra Creek and Porcupine 
River. Little was known about the location's previous land 
use and they had voiced concern over the potentially 
hazardous contents of the barrels. On June 13th, 2001, 
Contaminants staff completed a reconnaissance of the site. 
This visit consisted of identifying the contents of the barrels, 
the previous owners of these drums, and a general survey of 
the site to assess any potential environmental hazards. 

Results 
One hundred and eleven barrels were found at different 
sites. Only one barrel was found to have contents and was 
identified as a 45 gallon drum of stove oil (kerosene) in 
unopened condition . Of the other barrels, 75 had 
contained kerosene, 25 of jet fuel and 10 of hydraulic 
Ruid. There was no sign of spillage or perforation of the 
drums. The contents had likely been consumed and the 
empty barrels were sorted by time in separate areas and 

388 

placed in a pile. The heavy narn re of the drum 
construction and the notation of jet fuel as JP4, indicated 
that the drums dated to befo re the 1970s. The type of 
organization of the drums for disposal is consistent with 
practices of the era. 

A short report was ge nerated and sent to th e local 
Regional Management Officer and the Yun Tut Gwitchin 
First Nation. As the site is within the Yun T ut Gwitchin 
Self Government settl ement lands, the ultimate fate of 
materials on the site rests with the Firs t Nation. 

Discussion and Conclusions 
The drum of stove oil is likely still in usable condition 
and the heavy wall drums have long been used as wood 
stoves . The site is readily accessib le from the river and the 
removal of these materials can be conducted by this 
route. 

Expected Completion Date 
This project is completed. 

The LCC program is continuin g to provide a cost effec
tive response to local concerns that have no other ready 
aven ue of approach, while meeting the requirements of 
the YCC. The YCC has allowed the LCC a signifi cant 
degree of Rexibility in respo nding to concerns as they are 
raised and it has conti nued to expand the range of issues 
it addresses. 

The LCC continues to receive good support from the 
general public, First Nations, and other government 
agencies. To date, most of the projects undertaken have 
produced an identifiable concl usion and usually with in 
an acceptab le time frame. The chall enge to LCC is the 
increas ing demand as more stakeholders become awa re of 
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the Program, and providing a comprehensive response in 
a timely manner. 
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Corporations; Pres idents, Aklavik, Holman , lnuvik, Paulatuk, Sachs Harbour 
and Tuktoyaktuk Hunters and Trappers Committees. 

Abstract 
The objective of the lnuvia lui t Regional Corporation 
Regional Contaminants Coordinator (RCC) pos ition is 
to provide the lnuvialui t and all comm un ity members 
with a better understanding about the presence of 
contaminants within the lnuvialu it Settlement Region 
(JS R), how they enter the food chain , and their possible 
effects on wildli fe and the lnuvialuit population. The 
RCC communi ca tes with co mm un ity members and 
o rganizations, and works with scientists and researchers 

to determine what work is required for the future to better 
understand contaminants issues in the !SR, and to be able 
to answer questions and concerns raised by l nuvialuit on 
these issues. Through this network, stronger communica
tion links among communi ties, schools, the Northern 
Contaminants Program, and industry have been built. 
W ith the introduction of the JSR RCC, apprehension, 
mistrust and alarm over contaminants in formation an1ong 

community members have continued to be mitigated, 
because someo ne fro m their region ca n explai n contami

nants in plain language and in their own language . 
O pportunities also arise for the RCC to participate with 
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the Northwest Territories Environmental Contaminants 
Committee (NWTECC) to develop Local Contaminant 
Concern (LCC) projects for the !SR region. 

Key Project Messages 
I . Communities within the lnuvialuit Settlement Region 

(JSR) have a broad range of concerns related to 
contaminants and their effects on wildlife and human 
health in the !SR. Ongoing, coordinated exchanges 
of information and research results among researchers, 
project managers and community members has been 
critical. 

2. Several management plans related to wildlife and the 
environment have been developed through the efforts 
of the co-management boards established under the 
lnuvialuit Final Agreement. These plans provide 
guidance to the agencies responsible for the overall 
management of the region's wi ldlife and environment. 
The identification of contaminants within the !SR 
and their impact on the wildl ife and human popula
tion of the regio n is required to help moniror the 
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impacts and was therefore added to these management 
plans as a result ofNCP work in the region. 

3. The current priority of the lnuvialuit RCC is to work 
with the different levels of government, various com
munities and industry to begin updating information 
on contaminated sites in the JSR and to assess specific 
sites about which communities are concerned. 

Objectives 
I. Achieve an appropriate level of understandi ng among 

the lnuvialuit about the presence of contaminants 
within the JSR, how they enter the food chain and 
their effects on wildlife and the health of the lnuvialuit 

population. 

2. Understand the questions and concerns lnuvialui t 
have in relation co contaminant issues within the JSR 

and beyond. 

3. Facilitate interactions within and among lnuvialuit 
communities with regard to contaminant issues and, 

in turn , to facilitate interactions among communities, 

the Northern Contaminants Program (NCP) and 
research program managers . 

4. Build capacity and partnership at the community level 
to effectively communicate community concerns and 
priorities, with regard to contaminants, to decision 

making bodies at regional, national and international 
levels. 

Introduction 
In the past within lnuvialuit communi ties, miscomm u
nication regarding contaminant issues has led to unneces
sary alarm, apprehension and mistrust. Language and 
cultural barriers have been major obstacles to effective 
communication. Promising commun ications strategies 

have now been developed at the community level and 
there has been increased communication at the regio nal 
and inter-regional levels. 

Communication of contaminants info rmation and data 
from technical components of the NCP is a major 
element of Phase II of the NCP. lnuvialuit who consume 
large amounts of traditional/country foods are continually 
requesting information on the levels of contaminants 
present in their area and their potential impact on people 
and the environment. Many of these requests have led to 
workshops dedicated to contaminants information, which 
are able to summarize and comm un icate info rm at ion 

from past and present contaminants-related research, such 
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as the Centre fo r Indigenous Peo ples' N ut rition and 
Enviro nment (CINE) di etary benefits/risks study, the 
Jnuv ik Reg ional Human Conta minants Moni to rin g 
Program and the status of conta minants in fis h and 
marine mam mals in the JSR. 

Inuvialui t are co ncerned about local co ntamination issues 

related to water qu~ li ry, so lid and sewage waste practi ces 
as well as contaminated sites from past Distant Ea rl y 
Warning (DEW) Line sites and abandoned oi l exploration 
si res, w here past and present activities have left co ntami

nants behind . Efforts have been made to deal with these 
concerns, such as the Department of Nati onal Defences 
DEW Line clean-up projects; in addi tion, abandoned well 
si tes are still an issue. 

Reports on two major nutritional surveys were made avail
able in 2000 (Kuhnlein et al . 2000; Usher, 2001). It is viral 
chat thi s information co ntinue ro be communicated 

throughout the JSR in an effective and culturally appropri
ate manner. T here also remains to be a need for broad 
community dissemination of in formation on sensitive and 

current issues, such as mercury levels in beluga muktuk, 
the clean-up of abandoned DEW Line sites, the increasing 
awareness of abnormali ties in fi sh and wildlife, high cancer 
rates and safety of communi ty drinki ng water. 

Activities 

In 2001-2002 
In the summer of 200 I, Regional Contaminants Coordina
tor, Mr. Billy Archie, resigned his position to devote his 
energies to his business interests within the region. T he 
position was advertised throughout all Inuvialuit communi
ties and I am pleased to advise that Ms. Barbara Armstrong 
of l nuvik was appointed as Regional Contaminants 
Coordinator for the period ending March 3 1, 2003. 

Activities 

Billy Archie 
Bi lly Archie worked on three main activi ties during the 
Ap ril-August porti on of his t ime as the Contami na nts 
Coord inato r. M r. Archie was invo lved with ongo ing 
communications that rook place in all JSR communiti es 
through memos and quarterly reports. H e initiated the 
T uk Harbour fis h study and M r. Archie also assisted in 
hosting the ITK CINE wo rkshop in lnuvik with Eric 
Lorin g in Ap ril 200 I. At th is ti me, two contaminants 
awareness posters were drafted durin g the C INE Dietary 
Resu lts wo rkshop, held April 4-5, 2001. Mr Archie also 
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participated in a number of teleconference meetings with 
the NWT En vironmental Contaminants Com mittee. 

The fo llowing is a list of general tasks completed by Billie 
Arch ie between April and August 200 I: 

• Attended NCP annual results workshop in Calgary 
(September 25-27). 

Initiated Tuk Harbour Study. 

ITK April CINE Dietary Benefit/Risk Workshop in 
lnuvik. 

Participated in two teleconference meetings with the 
NWT Environmental Contaminants Committee 
(October and November 2001). 

Activities 

Francine Ross 
Francine Ross filled in for a few weeks in between 
Mr. Archie's res ignation and Barbara Armstrong taking 
over the contaminants position. Ms. Ross took part in 
conference calls and received and responded to all e-mai ls 
and other communications. 

Activities 

Barbara Armstrong 
As an introduction to this new combined position with 
the lnuvialuit Regional Corporation and the Northern 
Contaminants Program, she attended the Northern 
Contaminants Program 11 eh Annual Results Workshop 
held on September 25th to 27th, 2001 at the Ca lgary 
Marriott Hotel & Telus Convention Centre. 

This initial opportunity to meet with the various researchers 
and scientists was a good intcoduction to the NCP progran1 
and an opportunity to meet with fellow contaminants 
coordinators, to learn from the research presentations, as well 
as to participate in small informative group discussions 
outside the conference rooms where a poster disp lay of 
ongoing and past studies were set up. The following is a list 
of general casks completed by Barbara Armstrong since 

September 22, 200 I: 

Attended NCP annual results workshop in Calgary 

(September 25-27). 

Orientation meeting(s) with Roger Connelly, the 
Game Council , IRC board meetings with va ri ous 
introductions to members of the Hunters and Trappers 

committees . 
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RCC training with DIANO in Yellowknife (November 
2001). 

Conducted a site visit at Taiga lab in Yellowknife and 
met with Kathy Racher to explore the possibilities of 
sending future samples co a NWT facility . 

Meeting to review health issues with Erica Myles of 
GNWT Health and Social Services. 

Conducted research on a NCP Local Contaminants 
Concern project regarding the Assessment of 
Contaminant Levels in Traditionally Harvested Foods 
in Tukcoyaktuk Harbour Study. This involved a one
day research visit to Tuk, with the appointed fish 
harvester, Chris Felix and the collection of four 
different species of fish chat were sent to che Taiga Lab 
in Yellowknife for contaminants testing. 

• Assisted potential researchers chat expressed interest 
in conducting NCP projects in preparation for sub
mitting a proposal for the 2002-2003 term. 

Prepared and submitted the RCC position proposal 
to the NCP. 

Prepared and submitted a proposal to the NCP for an 
educational community tour in the JSR to deliver 
CINE Dietary Benefit Risk information. 

Provided input on a NCP proposal for a Pan-Inuit 

poster contest by ITC. 

Prepared reporrs of my activities to the IRC and Joint 
Secretariat, Game Council, board meetings providing 
an introduction for the new RCC position and then 
a summary of my activities. 

Ongoing communications cook place in all JSR com
munities through memos and quarterly reporrs drafted 

by che RCC. 

Working relationships were established with research 
institutions, government departments/agencies, and 

lnuvialuit co-management boards. 

Participation in four Northwest Territories Environ
mental Contaminants Committee meetings. 

Informal discussions cook place with researchers to con
sider the establishment of a comprehensive monitoring 
program for contan1inants in various fish and wildlife 
species in the JSR. The expertise from the scientific 
community is needed to determine when to analyze for 
various contaminants and to help determine whether 
contaminants are increasing or decreasing in all species 
harvested by lnuvialuit. 
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Attended and participated m meetings for the 

2002 NCP proposal reviews. 

The RCC accompanied members of the Joint Secretariat 

and the Game Council on a week-long community tour 

to Holman, Sachs Harbour, T uktoyukcuk, Aklavik and 

Paulatuk. We gave presentations to students in the upper 

grade levels at each school, to Hunters and Trappers 

meetings and finally to community members regarding 

the structure, responsibilities and role of the Game 

Council in the !SR. The enviro nmental process for 

review and the status of various species of wildlife and 

marine mammals were also discussed. The RCC took 

along information posters char were distributed and 

introduced the new contaminants coordinator in both 

formal and informal meetings. I spoke ro various 

community members about returning to the communi
ties to deliver the CINE Dietary Benefit/Risk study and 

to the school staff regarding the potential of a future 

contaminants Poster Contest. These visits were generally 

a learning exercise for the new RCC and a way to 

introduce the new RCC in the role of their Contami

nates Coordinator to the individual communities. I was 

available to answer questions regarding contaminants 

and contaminant issues and to explain the role of the 

NCP at the federal and community levels. 

The RCC was also able to assist Scot Nickels from ITK 
with a Climate Change project, which included a 

weekend training workshop offering instructions on 

conducting oral research seeking Tradition Knowledge 

within Inuit Communities. Participating with this 

project allowed the RCC a second opportunity co visit 

the other communities of the JSR to ask qualitative 

questions regarding climate change for a survey. These 

community visits and the valuable opportunity to be 

in the !SR, interacting with community members, 

provided an exercise to continue to introduce myself in 

the role of their Contaminates Coordinator. The RCC 

was available to answer questions regarding contami

nants and contaminant issues and to explain the role 

of the NCP at the federal and community levels. 

Continue to assist Scot Nickels from ITK with the 

Climate Change project, in combination with a Snow 

Change project that has been organized with the Aurora 

Research Center, Mike Salomons and the Joint 

Secretariat staff. This included a second workshops in 

three communities, (The first community visits to Sachs, 

Holman and Paulacuk have sti ll not been completed). 

RCC Workshop/Training with DIANO, NCP staff, 

in lnuvik May 6th-9th with John Edwards, the new 

RCC for the Gwirch'in board. 

It is also a plan for me to return to the commun ities 

to deliver the results of the CINE Dietary Benefits/ 

Risk research in combinat ion with upcoming 

CACAR2 results. During the proposal review meeting 

the NCP Management Committee realized that the 

commun ication of CACAR2 (Canadian Arctic 

Contaminants Assessment Report 2 - a summary of 

the past 5 years of research currently being compiled), 

had not been properly addressed under the Education 

and Communications envelope . le was decided that 

the communication of CACAR2 results to both 

northern and southern audiences needs to be a focus 

for this last year of Phase 2. Thus extra criteria were 

considered when reviewing the proposals to ensure 

the projects supported CACAR2 or efforts to renew 

NCP for a Phase 3. This means that no other research 

proposals were approved for th is coming year, and all 

the education and communications funds will be 

directed towards delivery ofCACAR2 . 

Continue with my objective to assist Eric Loring with 

a proposed Pan-Inuit Poster Contest to be offered in 

the IRS, although ir will not be funded under the 

NCP program. 

The RCC is presently gathering information regarding 

the issue of old sites (drill sites, storage areas, camp 

sites, ere.) in the delta area chat were used, cleaned up 

and abandoned during the last oil and gas boom 

(1970s and early 1980s). The RCC has taken the lead 

role in investigating the present status of these old 

sites and has just had a meeting with Carole Mills and 

the contaminants staff to work towards identifying 

what types of sites should be included in the study 

and the location of the sites through DIANO in the 

hopes of developing a site visit/testing program. 

Activities 

In 2002-2003 
The Regional Contaminants Coordi nator position was 

reassigned to Mrs. Barbara Armstrong of lnuvik for the 

period starting in April 2002 and ending on March 31, 

2003. Mrs. Armstrong brings a broad experience in 

contaminants and related fields to this position and she 

continued the productive relationship with community 

organizations and their ad hoe committee members already 

established by her predecessor, Billy Archie 1999-2001. 

Barbara continued her position with the lnuvialuit Regional 

Corporation and the Northern Contaminants Program. 

Barbara attended the Northern Contaminants Program 

Canadian Arctic Contaminants Assessment Symposium held 
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on March 4ch co 8th, 2003 at the government conference 
centre in Ottawa. This final opportunity to meet with the 
various researchers and scientiscs was a welcome and useful 

aspect to the NCP program and an opportunity to meet with 
fellow concaminancs coordinators, to learn from the research 

presentations, as well as to participate in smal l informative 
group discussions outside the conference rooms where a 
poster display of ongoing and past studies was set up. A 

poster and brief oral presentation were made to highlight the 
role of the RCC in the lnuvialuit Settlement Region. 

The following are a list of tasks completed by the RCC 

since April, 2002 

Attended NCP Symposium March 4-8, 2003 1n 

Ottawa. 

Participated in RCC training with DlAND in Inuvik 

(May 6th-9th, 2002). 

Conducted a meeting and second site vis it at Taiga 
lab in Yellowknife, and met with Kathy Racher and 
DIANO staff to prepa re to send future samples to a 

NWT facility. 

Participated in creating contaminants fact sheets. 

C reated an RCC-ISR Poster. 

Meetings with Alisha Chauhan, JS-JGC to propose Key 
Message for communi ty visits relating to CACAR II 
and the distribution of the new Country Foods Face 

Sheets. 

Participa ted in the creation of the NWT-ECC 

Newsletter. 

Reviewed current research with Kelly Cott, DFO 
regarding ongoing T uk Harbour and Aklavik Studies. 

Completed resea rch on a NCI' Local Contaminants 
Concern project on the lnuvik Landfi ll. This involved 
field work with DIANO staff, the Gwich'in Tribal 

Council. Analysis was conducted at Taiga lab. 

C reated a Hisro ri ca l Map and database that records 

past JSR land use activities. 

Prepared reports of activi ties ro the IRC and Joint 
Secretariat, Game Council, board meetings. 

Ongoing comm unicatio ns took place in all ISR 
communities through memos and quarterly reporcs 

drafted by the RCC. 

Working relationships were estab lished with research 
institutions, gove rnm en t departments/agencies, and 

lnuvialuit co-management boards. 
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Participation in two in-person and I O teleconference 
meetings of the Northwest Territories Environmental 
Contaminants Committee. 

Drafted a letter for the NCP renewal support for the 
IRC. 

Results 
The RCC has been acting as a conduit for a two-way infor
mation exchange between communities and the NCP, and 
has brought contaminants issues to the attention of various 
individuals and agencies. A few proposals were drafted and 
submirced by the RCC, and some funding has been approved 

for these proposed projects as well as studies by ochet 
researchers conducting work in the JSR. 

From NCP related projects conducted in the !SR, such 
as dietary studies, and the LCC lnuvik Landfill Project, 
lnuvialuic have been informed that contaminants are 
present in traditional/country foods but at low levels, 
moniroring contaminant levels should continue to ensure 

levels continue to be low. 

lnuvialuit communities expressed health-related comments 
and concerns during the lnuvialuit Community Tour, 

which took place in January 2001 and then again during 
the community visits in 2002 and 2003. In general, all 
communities had questions about contaminants, global 
warming/climate change and the oil and gas industry/ 
development. Specific concerns of the communities are 

listed below. 

Tuktoyuktuk 
• The ocean is Aooding che landfill each year - What 

abo ut contam inants getting into the fish? 

Concerns over the state of the T uk Dump. 

Contaminant levels in geese and birds - There is no 
information on geese gizzards which are an important 

food source. 

Paulatuk 
Brucellosis in caribou. 

Global warming and changes in caribou herd migration. 

Contaminant levels in migratory birds. 

Holman 
Residents do not drink tap water, they drink water 
from melted ice blocks - Can that water be tested' 
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• Parasites and bacteria in food, including brucellosis. 

Contaminants in king eiders and geese . 

Sachs Harbour 
• Contaminant levels in geese and migratory birds. 

• Climate change. 

lnuvik 
• Oil and gas development. 

• Climate change. 

• Landfills - regulating what is being dumped. 

• The old Dump site on Navy Road. 

• Helicobacter pylori in the drinking water. 

• Making sure communication occurs with residents 
before the press. 

Aklavik 
• Exposure to asbestos - It was removed from the 

school and placed in the dump. 

• Contaminants from DEW line sites. 

• Oil and gas industry. 

• Climate change. 

• Landfill and sewage lagoon. 

• More information on levels of concern and acceptable 
daily intakes for contaminants in food. 

Conclusions 
The role of the RCC in rhe JSR is ro bridge rhe gap 
berween community members and NCP scientists and 
management. Local concerns focus on local sources of 
contamination, but this does not fall within the NCP 
mandate. To build trust and respect, it is important to be 
able to address some of these non-NCP concerns. The 
RCC position remains that in order ro communicate NCP 
information, we must first be aware of the big picture in 
our region, in particular, knowing who is responsible for 
specific local issues of water or waste management and 
what is being done about them. Therefore, in order to be 
effective, RCC's must be aware of issues both within and 
outside the NCP mandate. 
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One important thing that was learned from work 
conducted in the [SR was the results of work conducted 
by CINE, which was brought ro the attention of the !SR. 
Examining the dietary study, it has shown that for the 
most part, the people in the JSR are exposed to relatively 
low levels of contaminants. This being the case, the RCC 
urges the NCP to keep up their monitoring efforts, 
especially for marine' mammals and species which are at 
risk for heavy metals, particularly methylmercury. 

Acknowledgments 
Barbara Armstrong would like to offer a word of thanks 
and appreciation to Roger Connelly and rhe lnuvialuir 
Settlement Regions Project T eam partners , all our 
community members, Eric Loring and also the ITK climate 
change crew as well as to Norm Snow and Alisha Chauhan 
and staff at the Joint Secretariat and the Game Council. 
An extra-special thank you to Michele Culhane, Lisa Dyer 
and Carole Mills from DIANO for all your past assistance 
and support. One final note, I had the pleasure of working 
with Mr. Francis Blackduck: he will be sadly missed. 

References 
Kuhnlein, H.V. , 0. Receveur, H.M. Chan, and E. Loring. 

2000. Assessment of Dietary Benefit: Risk in Inuit 
Communities . Ste-Anne-de-Bellevue QC: Centre for 
Indigenous Peoples ' N utrition and Environment. 
ISBN# 0-77 17-0558-1. 

Tofflemire, K. 2000. lnuvik Regional Human Contami
nants Monitoring Program: Regio nal Report. lnuvik 
Regional Health and Social Services Board. 38 pp. 

Macdonald, C.R. 2000. The Status of Contaminants in 
Fish and Marine Mammals in the lnuvialuit Settlement 
Region. Prepared for The Fisheries Joint Management 
Committee, lnuvik, NWT. 52 pp. 

Usher, P. 2000. Standard edible weights of harvested species 
in the lnuvialuit Settlement Region. In. S. Kalhok (ed.), 
Synopsis of Research of Research Conducted Under the 
1999-2000 Northern Contaminants Program. Ottawa 
ON; Indian and Northern Affairs Canada: 77-79. 

B. Armstrong 



Assessing Awareness, 
Comprehension and Perception 

of Contaminants Issues in Two Regions 
of the Canadian North 

Project leader 
Christopher Furgal, PhD, Unite de recherche en sante publique, CHUQ
Pavillon , CHUL, Universite Laval; Christopher.Furgal@crchul.ulaval.ca 

Project team 
Heather Myers, PhD, Department of International Studies, University of 
Northern British Columbia; myers@unbc.ca; Stephanie Powell, MA 
(in progress), Department of International Studies, University of Northern 
British Columbia. 

Abstract 
Through the development and application of a question
naire, this project assessed the level of awareness and com
prehension of basic contaminants concepts and messages 
chat have been communicated to northern populations 

through efforts under the Northern Contaminants Program 
in the recent past. The questionnaire was implemented in 
two Baffin and two Labrador Inuit communities and was 

conducted face co face with Elders, hunters and women of 
childbearing age in these four commun ities. Participants 
reported a variety of concepts when asked what the term 
contan1inants meant co chem, potentially indicative of some 

important misconceptions regarding chemical contaminants, 

countty foods and health. Less than 50% of participants in 
Baffin indicated awareness of basic contan1inants informa

tion delivered through the Northern Contaminants Program 
in the past, wh ile awareness appeared higher (approximately 
65%) amo ng participants in Labrador communities. 

Participants' responses co: a) questions relating to the sources 
of contaminants in their community and region; b) what 
chey can do co avoid exposure co contaminants; and c) their 
perspectives on food safety, were all indications chat there is 
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a need for formal evaluations of communications in order 
to assess reception and comprehension of these important 

issues in northern regions. 

Key Project Messages 
I. The term "con taminan cs" means many things to 

northerners; some concepts are misconceptions of the 
chemical nature of contaminants as discussed within 

the NCP. 

2. A low level of general awareness of contaminant issues 

exists. 

3. Formal evaluation exercises are required to ensure 
reception and comprehension of communication 
efforts on these important issues and to improve 
messages and modes of delivery in the future. 

Objectives 
This project proposes co assess the level of awareness and 
comprehension of basic contaminants concepts and 
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messages that have been com municated to no rt hern 
populations through efforts such as those under the 
Northern Contaminants Program in the recent past. 

Specifically the project will: 

I. Develop, translate and apply a short questionnaire 
to assess che level of awareness and comprehension 
of basic contaminants concepts and messages in 
two northern regions (two communities in each) in 
che Canadian North; 

2. Compare basic perception of environmental health 

risks among these populations; 

3. Examine potential factors inAuencing differences in 
levels of awareness, comprehension and risk percep
tion among these populations; 

4. Identify needs and make recommendations for future 
communication efforts in these regions of the North 

based on results of this study. 

Introduction 
The management and communication of the risks posed 
by environmental contaminants in the food chain of 
northerners comprises a very challenging issue for health 
and environmental managers and health professionals. 
Traditional food is the anchor to cultura l and personal 
well-being in che North . It is essential to the nutritional 
and social heal eh of indigenous peoples (Van Ooscdam er 
al., 1999; Condon et al., 1995). In many comm uni ties, 
and among some sub-groups of the pop ulation, there is 
a lack of available and accessible healthy alternatives to 
these food scuffs. However, despite the vital importance 
of traditional food sources, sign ificant changes in their 
collection, use, consumption and valuation by individu
als have occurred over the past two decades (Berkes and 
Farkas, 1978; Kuhnlein, 1992; Kinloch et al., 1992; 

Condon et al., 1995; Blanchet et al., 200 I). Some of chis 
change can be attributed to the presence of industrial 
pollutants in the Arctic ecosystem and che management 
and communication strategies utilized to address concerns 
related to human exposure to these contaminants through 
country food consumption (Kinloch et al. , I 992; Jette, 
1994; Furgal, 1999) . Risk management and communica
tion strategies in the past have resulted in fear and confu
sion, distrust and anxiety; in some instances, among 
community residents they have had significant direct and 
indirect social, economic, and health impacts. 

To date, great effort and significant resources have been 
invested in commun ication and education activities on 

topics related to contaminants and country foods in the 
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Canadian North. However, lim ited attention has been 
given to formally assessing the reception , comprehension 
and aware ness of this information and the effects chat 
these communication and education activities have had 
(both positive and negative). As prev ious ly reported 
(Usher et al. , 1995; Andersen et al., 1999), little to no 
fo rmal review has been conducted on commun ications in 
the No rth co date, yet the need co conduct and docum ent 
formal or informal processes of review and evaluation in 
order co assess whether activities have in face achieved 

desired goals has been reported . 

Activities 

In 2002-2003 
A questionnaire was developed based on the general messages 
developed and delivered through previous NCP communi
cation activities (CACAR I, Contaminant Tours). The 

questionnaire was then verified and adapted in cooperation 
with Inuit field assistants in the participating communities. 
Using a method of non-probabilistic quota sampling from 
three target groups known co have been key audiences for 
these messages in the past (hunters, Elders, and women of 
childbearing age), 20% of each of these target groups were 
randomly selected from the populations of 2 communities 
in each of2 regions and invited to participate in the survey 
(Table I). 

Table 1. Participants in the comprehension survey 
conducted in two Baffin and two Labrador communities 
Community Target Group Participants 

Pond Inlet, Nunavut Elders 12 

Hunters 9 

Women of 21 
childbearing age 

Clyde River, Nunavut Elders 

Hunters 11 

Women of 25 
childbearing age 

Nain , Labrador Elders 17 

Hunters 17 

Women of 26 
childbearing age 

Makkovik, Labrador Elders 6 

Hunters 11 

Women of 
childbearing age 
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Results and Discussion 
Participants to the surveys in th e fo ur communi ties 
responded with a va ri ety of concepts when asked what 
"contamin ants mean to you"? Iss ues such as wildlife 

abnormalities (zoonoses, under weight animals) , oil drums 
lefr on che land, spoiled meats, fo od not fie co eat, and 
smoke were mentioned . The concept of "contam inants" 

includes a wide spectrum of related items (many of which 
are outside the defi nition of "chemical contami na nts") as 

understood by northerners. There is a need co understand 
why these misconceptions exisr and co rrect them in futu re 
communications as th ey inAuence the utili ty of much of 
the inform ation deli ve red from resea rch p rojec ts to 
accurately info rm personal decision making. 

Examples of responses to the question "What does 
the word 'contaminant' mean to you?" 
"Animals with abnormalities" - "Walrus that have bugs 
in th em" - "Old barceri es and foss il fuels contaminate 
o ur waters" - "Animals chat are coo skinny, ani mals with 

whi te spots and bad joincs" - "Something tha t affects 
the en viro nment and animals" - "Con ra1ninanrs mean 

bad food co me" - "Oil d rums lefr around" - "Spoiled 
meats" - "Smoke" - "Air pollution" - "I chink ir never 

goes away" - "Not fi t to eat" - "Chicken legs have 
contaminants in ch em, no r co untry foods" - "It means 

poison , co ntaminants are dangero us". 

T able 2 presents the raw res ults of recall of reception of 

contam inants communica ti o ns in rhe regio n in the past. 

In general, it appears that the level of reception and recall 

o f any past com m un icati o ns regarding co ntaminants 
issues is relatively low (mean < 50%) in N unavut com
muni t ies, wh ile in Labrador commu nities the reception 

an d recall of prev io us in fo rmat io n is h igher 
(mean > 65%). Recall of reception of information on 
contaminants in Labrador was highest among hunters, 
fo ll owed by women of chi ldbearing age and then Elders. 
In N unavut, reca ll of hearing information about 
contam inants in the region previously, was highest among 
Elders in the two communities, and approximately the 
same among hunters and women of childbearing age. 

When asked to identify the sources of contaminants for the 
region, almost al l groups participating in the survey reported 
"development on the land (oil and gas development and 
mining)" as the most common source (Table 3) . "Air 
pollution (sources from outside the region)", "local garbage 
dumps", and "mocorized vehicles" were che most frequen tly 

reported sources following development. Noise pollution, 
courists and then scientists were also reported co be a source 
of contaminants to the region by some participants. 

The questionnaire was comprised of 31 questions and 
analysis is now complete to compare reports of knowledge 
and comprehension of contaminant related issues and to 
examine potential factors inAuencing differences in levels 
of awareness, comprehension and risk perception among 
these pop ulations. These results are being discussed with 
the participaring communities. 

Table 2. Indication of awareness of contaminants in northern regions among Inuit residents of two Baffin and two 
Labrador communities 

Have you heard of contaminants in your region? 

Community Group Yes(%) No (%) Don't know - no response (%) 

Pond Inlet, Nunavut Elders 50 17 33 

WCBA* 33 5 62 

Hu nters 44 22 33 

Clyde River, Nunavut Elders 86 14 0 

WCBA* 36 24 40 

Hunters 27 0 73 

Nain, Labrador Elders 29 59 12 

WC BA* 77 19 4 

Hunters 76 18 6 

Makkovik, Labrador Elders 67 33 0 

WCBA* 71 29 0 

Hunters 91 0 

• WCBA - Women of child bea ring age 118- 401 
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Table 3. Sources of contaminants - common responses reported in decreasing order of frequency by each group of 
participants 
Community Group Most commonly reported sources of contaminants in the region 

Pond Inlet, Nunavut Elders 

WCBA 

Hunters 

Development, air pollution, garbage dump, scientists 

Development, air pollution, vehicles, garbage dump, noise, scientists 

Development, air pollution, garbage dumps 

Clyde River, Nunavut Elders 

WCBA 

Development, air pollution, vehicles, garbage dump, scientists, tourists 

Development, vehicles, garbage dump, air pollution, scientists, cleansers 

Hunters Development, air pollution, garbage dumps, noise 

Nain, Labrador Elders 

WCBA 

Hunters 

Development, vehicles, noise, air pollution, garbage dump, tourists , scientists 

Garbage dump, development, vehicles, air pollution, noise, tourists, scientists 

Development, garbage dump, air pollution, vehicles, noise, tourists, scientists 

Makkovik, Labrador Elders 

WCBA 

Hunters 

Development, vehicles, air pollution, garbage dump, noise 

Development, vehic les, air pollution , garbage dump, noise 

Development, vehicles, air pollution, garbage dump, noise, tourists, scientists 

Definitions as presented in questionnaire ("Where do these contaminants come from?"}: 

*Development- development on the land (oil and gas development and mining) 

*Vehicles - motorized vehicles (ATVs, skidoos, etc.) 

*Air pollution - air pollution from outside the region 

*Noise- airplane noise, etc. 

Wirhouc some form of formal evaluation exercise, ir is 
difficult ro assess whether communication objectives have 
been attained. With limited empirical evidence ir is 
premature ro assume rhar we fully understand rhe dynan1ics 
of risk communication with such diverse communities or 
rhe most effective ways ro engage them in decision making 
(Vaughan, 1995). The results of this project are being used 
ro discuss wirh regional communicators and researchers ro 
better understand what rhe current level of awareness and 
comprehension of basic contaminant concepts is among 
these population, why some differences in these variables 
exist, and how best ro communicate these issues ro northern
ers in the future. 

Expected Completion Date 
This project is complete and discussions are ongoing with 
regional organizations and communicators ro develop future 
research and action initiatives based on these results. 
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Gwich'in Tribal Council 
Regional Contaminants Coordinator 

Program leader 
Fred Carmichael, President, Gwich'in Tribal Counc il (GTC ), Box 1509, 
lnuvik, NT XOE OTO; phone: (867) 777-4869; fa x: (867) 777-4538 

Abstract 
The Gwich'in still rely heavily on tradi tional foods, 
comprising critical components of their diet. The 
Regional Contaminants Coordinator (RCC) position 
was developed in July 1999. T he RCC posit ion was 
developed so the Gwich'in wo ul d be able to participate 
in the Northern Contaminants Program (NCP). Du ri ng 
the past year, a major component of the NCP in the 
Gwich ' in Settlement Area (GSA) has been the develop
ment of programs to measure the level of contami nants 
in tradit ional foods. The RCC has developed programs 
that would address specific concerns under the Local 
Contaminants Concern blueprint. In this case, it was 
the collection and analysis of fish from Tsi igehtchic, NT 
and the co llection and analysis of beaver and muskrat 
from the Mackenzie Delta. The RCC has attended local 
meetings in each of the communities to add ress furt her 
concerns and pass on informatio n relative to con tami 

nant concerns. Finally, the RCC participated in NCP 
activities including NCP Res ul ts/T rai ning Wo rkshop, 
Traditional Foods Mon iroring Workshop, Emerging 
Wildlife Diseases Workshop and the Northwest Terri tories 
Environmental Contami nants Committee (NWTECC) 
meetings. 

Key Project Messages 
I . The Gwich'in Reginal Contami nants Coordinator has 

raised the awareness of the Gwich'i n in regards to 
local, national and intern ationa l contaminant issues. 
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2. Gwich' in continue to harvest and consume traditional/ 
country foods. 

3. T he RCC has attended several wo rkshops to enhance 
his capacity to ca rry out the duti es of his position. 

Objectives 
I . To promote the role of the GTC as a pa rtner in the 

NCP. 

2. T o ass ist Gwich ' in communities to identify research 
and development. 

3. To inform and educate the public about contaminants 
within the lnuvik region. 

4. T o present the results from studies that are relevant to 
the consumption of traditi onal foods in the GSA. 

5. To increase capacity at the regional/ loca l level. 

6. To coordinate regional studi es . 

7. To identi fy complementary enviro nment iss ues and 
funding sou rces. 

Introduction 
T he RCC pos ition has been identifi ed as an integra l part 
of the NCP. These frontl ine wo rkers are important in the 
communications aspect of the NCP. Since the inception 
of the NCP the Gwich' in were not involved directly with 
the program. T he Gwich ' in still have strong ties to the 
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land and still consume trad itional foods . In most cases, 
traditi onal food is the mai n staple of the Gwich'in d iet. 
T here has been concern expressed by the Gwich'in about 
conta minants fro m long ra nge and local sources getting 
inco the food chain. The GTC recognized the studies the 
NCP were doing in regards co how many contaminants 
were getting into the food chai n and the need for further 
studies to be completed in order co address the concerns 
of the Gwich ' in. T here was also the requ irement to 

commu nicate this infor mation co the Gwich'in and the 
NCP. T he GTC developed a position to participate in the 
NCP co address the concerns of the Gwich'in. 

T he activities carried out by the RCC in the second year 
were focused on participating in community initiated 
stud ies of contaminant levels in traditional foods . The 
RCC conti nued to attend comm unity meetings to hear 
co ncern s and to pass on information relative to 
contam inant iss ues. Furthermore, the RCC participated 
in all local so urce contaminant issues in the GSA includ
ing the collection and testing of muskrat, beaver and fish 
species and the remediation of an abandoned Shell Oil 
Exploration site. 

This year the focus of the RCC will be the development of 
programs co collect baseline data from the GSA, and 
consultation with the Gwich'in Renewable Resource 
Councils. T he results of these consultations will be the 
development of proposals, which will be submitted 
co NCP. 

Activities 

In 2001-2002 
Res ul ts Workshop in Calgary- Sept 25-27, 2001 

NWTECC Meetings 2001-2002 

NWTECC Proposal Review In Yellowknife - Feb 4-5, 
2002 

Ts iigehtch ic Fish Study 2001-2002 

Beaver/Muskrat Contaminant Uptake Study 2001-2002 
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Results 
This year the RCC has raised the awareness of the 
Gwich'in ro the activities of the NCP by presenting 
information at local Renewable Resource Council 
Meetings and acting as Co-chair of the NWTECC. The 
RCC has acquired information related co the consump
tion of traditional foods by collecting and testing fish, 
muskrats and beaver for contaminants. This has given the 
people of Gwich'in Settlement Area assurance that the 
fish are safe co eat. This analysis was brought on by 
concerns from people of Tsiigehtchic about possible 
contamination in local fish sources. There was also 
concern from the people of the GSA about contaminant 
levels in beaver and muskrat. The RCC position has con
tinued co provide the Gwich'in coordination in Local 
Contaminant Issues. The RCC has also participated in 
and provided information co the Gwich'in on other federal 
environmental programs including Climate Change, 
Cumulative Effects Assessments, Cumulative Impact 
Monicoring and the Yukon Development Assessment. 

Discussions and Conclusions 
The NCP is very important to the Gwich'in because of 
the their continued reliance on traditional foods. The 
Gwich ' in foresee many opportunities for future projects 
funded through the NCP. The RCC has brought to the 
Gwich'in, a position that is dedicated solely to environ
mental issues. Finally, because of continued use of 
traditional food the Gwich'in will always need informa
tion and reassurance regarding the consumption of those 
traditional foods. 
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First Nations Cancer Booklet 

Project leader 
Cindy Dickson, Council of Yukon First Nations (CYFN), 11 Nisutl in Drive, 
Whitehorse, Yukon YIA 3S4; phone, (867) 393-9214; fax, (867) 668-6577; 
e-mail: cdickson@cyfn.net 

Project team 
Community Health Representatives, Yukon Contaminants Committee, 
Jody Walker, Norma Kassi, Yukon Territorial Government (YTG) Health & 
Social Services. 

Abstract 
Since the inception of the Northern Contaminants 
Program there have been numerous workshops and studies 
in the Yukon on environmental contaminants. People 

began asking questions about contaminants and their 
health effects, particularly about cancer. These questions 
include whether cancer rates are increasing, what types of 
cancers are most common, and what the relationship is 

between cancer and contaminants. 

These and other ongoing questions have resulted in the 
need to synthesis available cancer data in the Yukon, and 

to produce a communications package to begin to answer 
some of these questions. A draft communications package 
has been developed, and this proposal is intended to 

finalize this package. 

Key Project Messages 
I. Smoking is the main cause of cancer. 

2. Eat a healthy well-balanced diet that includes tradi

tional foods. 

3. Be physically active. 

406 

Objectives 
I. To answer questions raised by Yukon First Nations 

about cancer in relation to environmental contaminants 

by completing a cancer information communications 

package. 

2. To enhance the confidence of Yukon First Nations in 
making informed decisions about tradit ional food 

consumption and other health-related factors. 

Introduction 
For several years, there has been substantial information 
on contaminants and related issues d isseminated co the 

Yukon communities, and the First Nations peoples 
through workshops, conferences and training. Commu

nications and education continues to be the top priority 
as questions and related concerns continue to surface. 
Also within 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 

was related to contam inants of a local or long range 
nature. In an attempt to address these and other related 

co ncerns, a Yukon-wide dietary study was conducted 
wh ich included an analysis of the risks and benefits of 
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traditional foods. While che results of this study showed 
chat che benefits of co nsuming traditional foods fat 

outweigh the risks, there continued co be concerns 
expressed about cancer even during the reporting of these 
results. Therefore, the Yukon Contaminants Committee 
proposed co develop a draft cancer information package 
in response co recommendations by health workers in the 
Yukon. A draft has now been completed, and this proposal 

is co complete a review of this draft and produce a final 
package. The completed cancer communications package 
will include a booklet and 2 posters, one aimed at chi ldren 

and the other at adults. 

Activities 

In 2001 - 2002 
A steering committee was establ ished co provide technical 
and culturally appropriate guidance to this project. 
Membership included che Yukon's Chief Medical Health 
Officer, Yukon Territorial Government (YTG) Health & 
Social Services representatives, Council of Yukon First 
Nations (Director of Health , Contaminants Program 
Manager), Canadian Cancer Society (Yukon representa

tive), and a Yukon First Nations elder. 

The sreering committee assisted with the development 

of the cancer booklet, which was written up by Jody 
Walker and Norma Kassi. The booklets were distributed 

Yukon wide . 
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Results 
The communications package included a booklet as well 
as colour poster, aimed at children and adults. The book
lee contains colour images, both photos and illustrations, 

as well as plain language text. 

Discussion and Conclusion 
The posters were distributed to all Yukon First Nations 
communities (Schools, Health Centres, Chief & Council) 
in collaboration with territorial and community health 
workers and the Health Commissioners. 

To dace the booklet has been used to education individuals 
about cancers and distributed at General Assemblies and 

workshops. 

Expected Completion Date 
March 2002 
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A Catalogue of Health and 
Contaminants Communication Materials 

Program leader 
Christopher Furgal, PhD, Unite de recherche en sante publique, 
CHUQ-Pavillon CHUL, Universite Laval; e-mail: Christopher.Furgal@crchul. 
ulaval.ca 

Project team members 
Susie Bernier, Research Associate, CHUL Research Centre, Beauport, 
PQ; Sarah Kalhok, NCP Secretariat, DIANO, Ottawa, ON; Eric Loring, Inuit 
Tapirisat of Canada, Ottawa, ON; Stephanie Powell , University of Northern 
British Columbia. 

Key resource organizations 
Labrador Inuit Association, Nunavik Nutrition and Health Committee, Inuit 
Tapiriit Kanatami, Dene Nation, Council of Yukon First Nations, Department 
of Indian and Northern Affairs, Health Canada. 

Abstract 
A great deal of information has been developed and 
disseminated on the topics of counrry foods, contaminants 
and health in northern regions and have been met with 

both positive and negative reception . Specifically, this 
project has identified, collected and made available more 
than 250 pieces of communication material (print, audio, 
video, other) related to the issue of health, contaminants 

and food in 5 regions of the Canadian North {Labrador, 
Nunavik, Nunavut, Northwest Territories, Yukon). The 

focus of the material collected is on those materials 
produced in relation co the Northern Contaminants 
Program projects, however it has also included pertinent 

related material produced by organizations, agencies, and 
individuals in the last 15 years for their use in the North. 
The material has been catalogued and entered into a search

able inventory or database to be posted on the Inuit 
Tapiriit Kanatami, and Council ofYukon First Nations web 
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sires so that it is avai lable to health officia ls, wildlife 
representatives, aboriginal organization representatives, key 

communicators, educators, food distributors, etc. as wel l 

as communiry individuals in the North and elsewhere. 

Key Project Messages 
I. A great deal of material has been developed and delivered 

in the North on the issues of contam inants, health and 

counrry foods. 

2. Much of this information has been developed outside 
of the North for a northern aud ience. 

3. Little of this material underwent any formal evalua

tion in its development, or since its dissemination. 

4. Regional communicators feel that they know what 
works best in the ir regions, but little evidence exists 

to support these beliefs. 
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Objectives 
I. To identify and collect available communication materials 

related to the issues of health, contaminants and food in 
5 regions of the Canadian North (Labrador, N unavik, 
N unavut, Northwest T erritories, Yukon). Focus is on 
materials produced through the Northern Contaminants 
Program research projects but includes other pertinent 
material produced on these issues in the last 15 years 
(approx.) for their use in the Canadian North; 

2. To develop a searchable catalogue or inventory of 
col lected material ; 

3 . To make available, the ca talogue/ inve ntory with 
critique through an existing organizational web-page 
and/or in electronic fo rmat. 

Introduction 
Challenges in communicati ng about contaminants, health 
and country foods have been no ted in rhe Norrh in rhe 
past (Usher et al. , 1995; Furgal et al. , 1995) and have 
resulted in perceptions and misconceptions of risks, and 
some changes in traditional cultural practices have been 
reported in Inui t populations in response to these misun
derstandings or reactions to communication (Wheatley 
and Wheatley, 1981; Dewailly et al., 1994). Choices made 
by individuals can have significant impacts on aspects of 
tradi tional lifes tyles resu lt ing in negative impacts on 
personal hea lth and socia l well -bei ng (Wheatley and 
W hea tl ey, 1981 ; D ewailly et al. , 1994). Usher et al. 
(1 995), Furgal et al. (1995) and Furgal (1999) have 
documented the need to develop and evaluate culturally 
appropriate communica ti on strategies to address the 
information needs of norrhern comm unities . To make 
best use of efforts and resources available, development 
of new materi als should ta ke into account methods , 
materials, and practices best suited for the northern region 
targe ted, reali zing their unique nat ure and the many 
differences between them. 

A number of initiatives are currently underway by 
Abo ri ginal organiza ti ons and other regions of the 
Canadi an N orth to deve lop eas ily understandab le 
communication m ateri als in a var iety of forms to 

communica te th e res ults o f scientific stud ies on 

contaminants wi th no rthern comm unities. All of these 

activities attempt to base thei r efforts on rhe principles of 
"best pracrice", building upon past efforts, lessons learned, 
and methods and materials most ap propriate for the 
region concerned. However, this is not always possib le as 
numerous in itiatives have produced a variety of materials 
in the past, ofte n with limited distrib ution, and these 
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materials are not easily accessible to communicators today 
fo r a nu mber of reasons (accessibili ty, knowledge of thei r 
existence, out of print, etc.) . Also, materials produced in 
one region are not often available, or known of in other 
regions where they m ight be helpfu l in develop ing 
material specific to that region, or may be easi ly applied 
in their existing fo rm. As a result, a great deal of efforr 
and finances are expended producing materials, and 
developing methods that already exist or perhaps have 
been delivered and met with limited success in the past. 

By identifying and collecting avail able materials and 
messages produced under NCP projects in the past and 
other pertinent communication material relating to the 
issue of contaminants, health and food from the norrhern 
regions and cataloguing them in a central database 
accessible to all interested individuals and organizations, 
this project supports current and future communicarion 
efforrs and helps develop a better understanding of what 
"best practice" is relating to these issues in rhe Canadian 
North. Additionally, it is argued that providing access to 
this form of information will d irectly support the roles 
and activities of the NCP Aboriginal parrners, Regional 
Contaminant Coordinators, and Territorial and Regional 
Contaminants Committees. 

Activities 

2001-2002 / Results 
All relevant local, regional, and national health , wildlife, 
and food distribution agencies (e.g. Northern Store) and 
organizations and Aboriginal organizations and territorial/ 
regional contaminants committees were contacted and 

asked to forward known communication materials 
produced in the last 15 years (approx.) on the issue of food, 
contaminants and health to the research team. A researcher 
then visited each of the norrhern regional centres (Nain/ 
Happy-Valley Goose-Bay, Iqaluit, Kuujjuaq, Yellowknife, 
Whitehorse) and Ottawa to follow up on these requests, 
identify and gather further materials and discuss the context 
of communications on these issues in the North. To ensure 
that all pertinent materials were collected and included in 
the database, researchers involved in the NCP during the 
past 10 years were contacted and similarly asked to forward 
any materials produced through their NCP funded research 
to the research team. 

Northern organizations/agencies contacted and included 
in the review included: 

Regional Aboriginal Organizations 

National Aboriginal Organizations 
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Regional Health Boards 

• Regional and local radio and television stations/offices 

• Regional Aboriginal Cultural Centres 

Regional Offices of wildlife, health and social services, 
and fisheries departments 

• Regional and National Offices of northern food 
distributors (ie. Northern Score) 

• National Health , Wildlife, Fisheries and Aboriginal 
Departments 

All material was then sorted and catalogued according co 
the following topics: 

• Type of material 

• Year produced 

• Tide 

• Author 

• Distribution location and number (where applicable) 

• Subject 

• Availability 

• Contact for materials 

Table 1 summarizes the types and numbers of materials 
collected and included in the database. 

A technical consultant was then hired and members of 
the research team worked with the consultant co develop 
an Internee-ready searchable database for the material. Al l 
material was then entered into the database, and visua l 
material was scanned co link to its text description. The 
database, searchable by any of the previously described 
parameters as well as a series of key words linked to the 
material tide and subject, allows the user to access and 
view (for visual materials) materials char have been 
previously used in the North . Arrangements are currently 
being made to post this database on the Inuit Tapiriic 
Kanatami website (http://www. ick.ca/) as well as the 
Council of Yukon Firs t Nations contaminants web site 
(http:/ /www.contaminants.ca) with pertinent links to 
other sites. A CD ROM version of th is database is also 
being made available in limited numbers. The website will 
then be managed by the ITK technical staff and updated 
as more materials are produced and used in che North. 

Discussion and Conclusions 
From the collection of materials included in this project, 
it appears chat a great deal of material has been produced 
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outs ide of the No rth for northern audiences. According 
co other communications stud ies cond ucted in ch e North 
(e.g. Usher et al. , 1995), the development and dissemi na
tion by northerners and in the North is critical co the 
successful reception and comprehension of messages 
intended for these communities. Further, although it was 
difficult to document for all pieces of communications 
materials co llected, it was noted chat few materials were 
reported to have been evaluated either prior to or fo llow
ing their release. Regional communicato rs and authorities 
report knowing the "best practice" fo r their communities, 
however little em pirical evidence or formal eva luation 
exists to support these arguments. This finding is 
supported by previous work done by Usher er al. (1995) 
and Lampe et al. (1999). 

Materials chat are easy to use, have rece ived posi rive 
informal feedback, and are easily adap table to vario us 
regions and cultures have been transferred, and are widely 
disseminated across the North. Such materials as the 
GNWT face sheers on country foods, and other chat have 
been developed following the same format have received 
significant attention and use to date. The general nature 
of materials, and their simple adaptability appears to have 
made them more timeless, and flexible for northern audi
ences. Their simplicity in approach, but abili ty to provide 
some detail on the issues have proven very valuable thus 
far. Other similarly, simple, and shore message oriented 
materials should continue to be developed based on what 
has been created in the past. Further, as Lampe et al. 
(1999) fo und in Labrador, the level of information 
synthesis requ ired by the general public is often much 
greater than chat assumed in many materials produced fo r 
northern audiences rhi s far. Therefore, even if informal 
in nature, some form of pre and post evaluation of 

Table 1. Summary of types of materials and numbers 
collected and included in the database on communication 
materials for health and contaminants in the North 

Type of material 

Workshop Proceedings and 
Presentations 

Pamphlets/Handouts 

MoviesNideos 

Newsletters 

Posters 

Documents (research synthesis 
reports, etc.) 

Health Fact Sheets 

Health Advi sories (actual advisory) 

Number of pieces 
included in database 

37 

27 

14 

18 

12 

89 

57 

10 
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materials must be carried out and documented to ensure 
the effectiveness of communication material creation and 

dissemination and reporting of known "best practices" on 
a regional basis. 

Expected Completion Date 
This project is now complete, and arrangements are 
currently being made to post this database on one or more 
Web sites. It is expected that ir will be lnterner accessible 
by late September 2002. 
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Abstract 
The consumption of country foods by northern residents 

represents both significant social, cultural and nutritional 
benefits but also risks related to the exposure of organic 
contaminants and heavy metals. The design of appropriate 
risk communication messages requires the understanding 

of how socio-demographic and cultural factors relate to 
differences in consumption patterns, perceptions of health 
risks and the potential impact this has on the social and 

mental well being of northern populations . This study 
conducted a more detailed analysis of the Sance Quebec 

Health Survey database to determine the relationships 
between risk perception of food chain contaminants and 
country food use, contaminant exposure and some 

determinants of social and mental health amo ng Inuit of 
Nunavik. More than 60% of Inuit su rveyed had a 

favourable perception of country food safery and reported 
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knowledge of contaminants while only 21 % of participants 
had reported mod ifying their food related habits. Individual 

perceptions of co untry foods and knowledge of contami
nants varied with some socio-demographic characteristics. 

However, the knowledge of contaminants did not appear 
to influence individual perceptions of country foods. 
Perception and/or knowledge of contaminants and country 
food were not associated with levels of country food 

consumption or contaminant intake. Yee, those individuals 
with a more favourab le perception of country foods, 

knowledge of contaminants and who reported regularly 
participating in land based activities (h unting and fishing) 
had higher blood levels of some faery acids. Finally, we 

found no association between the main study variables and 
ind icators of psychological distress o r social health. 
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Key Project Messages 
1. Knowledge of contaminants and perception of country 

foods vary with some socio-demographic characteristics. 

2. Knowledge of contaminants did not vary with perception 
of country food safery. 

3 . Percep rion of coun try foods and knowledge of 
contaminants were not associated with the level of 
country food consumption . 

4. No association existed between the study variables and 
indicarors of social or psychological health. 

Objectives 
The main objective of this project was ro examine the 
relationships between perceptions and knowledge of the 
ri sks of food cha in contamination and country food 
consumption, contaminant exposu re and some determi

nants of soc ial and mental health among the lnuir 
population ofN unavik. 

The specific objectives were to : 

1. Examine the relationship between the knowledge and 
perception of health risks versus actual country food 
intakes, and co ntaminant exposure co determine the 

influence of the perceptions of contaminants on actual 
consumption behaviours; 

2. Examine the knowledge and perception of health risks 
related ro contaminants in country foods according 
to socio-demographic factors and the level of partici
pation in land based activities (hunting, fishing, etc.) 
by individuals; 

3. Examine the relationship between country food use 
and some determinants of social and mental health 
status and thus indirectly the impacts of these 
perceptions on aspects of social and mental health 
among Nunavimiur. 

Introduction 
Country food is central ro the values, economy, physical, 
soc ial and mental health of Inuit communities and 
individua ls and reflects the close relationship between 
Inuit and their envi ronment. Moreover, rhe act of 

hunting, process in g, sharing and consuming country 

foods adds ro psychological and spiritual well-being 
(Usher, 1995). However, at the same time, country food 
is the primary so urce of exposure to most persistent 

environm ental co ntam in ants for Inu it. Strong evidence 
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exists regarding a decrease in traditional food consump
tion by Inuit over past decades and that a fear of 
contaminants may play a role in influencing this reduction 
(Blanchet et al., 2000; Sance Quebec, 1995; Dewailly et 
al., 1994). Because of the uncertainties inherent in risk 
assessments and rhus risk management processes, 

ambiguous messages have been communicated to the 
Inuit popu lation in the past (i.e., there are contaminants 
in country foods, but they are still the best foods ro eat; 
the benefits outweigh the risks, but research is ongoing 
to better understand the risks posed ro human health of 
country food consumption) . Indeed, an examination of 
past experiences of health advisories has revealed potential 
impacts on the well-being of Inuit populations as they 
have resulted in confusion, fear, stress, anxiety, changes 

of consumption patterns, use of harvest areas, etc. 

(Grondin et al., 1994; Usher et al., 1995). A better under
standing of the relationships between perceptions of 
contaminants and actual country food related behaviours, 
of the many facrors influencing these perceptions; and the 
relationships between perceptions, participation in 
country food related activities (including consumption) 
and aspects of social and mental health in Inuit commu
nities is required ro help better manage and communicate 
ro northern populations the risks and benefits of country 
foods and ro support informed decision making on these 
issues. Currently, many of these relationships are hypoth
esized yet little or no quantitative data exists ro support 
these arguments. 

Risk determination for traditional food must simultaneously 
consider the potential risks from exposure tO contaminants 
and the socio-cultural, nutritional, economic and spiritual 
benefits associated with traditional foods (Van Oostdam et 
al., 1999; Furgal et al., 2001). Indeed, designing an appropri
ate risk communication strategy requires understanding how 
socio-demographic and cultural facrors relate ro differences 
in consumption patterns, perceptions of health risks related 
ro food contamination and the potential impacts these 
activities and perceptions have on the social and mental well· 
being of northern populations. 

Activities 

In 2002-2003 
The work for this project consisted of a more detailed 
analysis of the existing data collected in 1992 during the 
Same Quebec Health Survey among Inuit of Nunavik, 
with an extension of our analysis to contaminant intakes 

by using contaminant databases previously developed at 
the Public Health Research Unit ofCHUL (Quebec). 
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Food contam inan t data was d rawn fro m d a tabase 

developed for the previously NCP fu nded project "H ealth 

risk assessment and elaboration of publ ic health ad vices 

concerning contaminants in Nunavik", (D ewailly et al. , 

1996) . Information for chis study was also gathered fro m 

several of the questionnaires used in the Sa nce Q uebec 

Study including: 

24-hour dietary recall (Completed by 433 Inui t 

ranging from 18 to 74 years of age - 197 men and 

236 women), 

Household questionnaire gathering standard socio

demographic characteristics about the population and 

which included the following: 

• A perceptual index used to assess Inuit opin ion 

regarding three country food statements ("commer

cial foods are less healthy and less nou rishing than 

country foods"; "commercial foods are better and 

more modern than country foods"; and "commercial 

foods are better because country foods are contami

nated by pollution"; Sance Quebec, 1994) . 

Knowledge of country food con taminatio n by 

PCBs and other contaminants. 

• Changes of food habits fo llowing the announce

ment of PCBs in the breast mi lk of Inuit women. 

Frequency of country food consumption (marine 

mammals and associated food items). 

• Level of participation in traditional land activities 

(hunting and fishing) . 

• Variabl es rela ting to de termin ants of social and 

mental health (such as psychological distress and 

social support) . 

Data analysis 
Ar ithmeti c means a nd 95% confiden ce inte rva ls of 

co nta minant a nd country foo d in takes and b lood 

concentratio ns of co ntan1inants were calculated according 

to va rious catego ries . Analysis of va riance (AN OVA) was 

used ro exa mine co mpariso ns am o ng groups and chi

square cesrs we re a lso used to co mpare the proportio ns. 

All statistical analyses were conducted with the Statistical 

An alysis System (SAS, 1996) software and scaciscical sig

n ifica nce was set at p $ 0 .05. 

Partial non-response 
Sance Quebec reviewed and val idated the data using intra

and inter-questionnaire techniques. When there was variatio n 

in th e profiles o f respo ndents and non-res pondents, 

no n-respondents were rejected. H owever, the partial non

respo nse, wh ich co nsists of the non - response o n each 

questio n o r variable, could have resulted in some biased 

estimates in the present study. T hus, caution should be used 

in interpreting the results. M o reover, in this study, we used 

data fro m the 24-hour dietary recall to assess country food 

and contam inant intakes acco rdin g to the main study 

variables. The value of the 24-ho ur dietary recall method in 

assessing the intake of groups is well es tablished (Willer, 

1998). It can provide a fai r estimate of a population's average 

Table 1. Level of perception for country foods according to knowledge of contaminant health risk and attitudes 

Knowledge of health risk associated to 
contaminants 

- Yes 

-No 

(p value) 

Changes in living habits 

-Yes 

-No 

(p value) 

Participation in land based activities 

- Yes 

-No 

(p value) 
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Less Favourable 

18.8 

18.9 

(0.002) 

40.6 

127 

(< 0 001) 

18.9 

16.4 

(0 01) 

Level of Perception 

No Opinion Most Favourable 

13.5 67.7 

27.6 53.5 

6.3 53.1 

15.2 72.2 

15.0 66.1 

30.9 52.7 

C. Blanchet and C. Furga l 



intake. However, 24-hour dietary recalls are rarely represen
tative oflong-cerm intake and do not allow the identification 
of the proportion of individuals "ac risk" for contaminant 
exposure. Hence, results obtained here do not permit us co 
infer a cause-effect relationship between socio-demographic 
factors and contaminant exposure. 

Results 
Statistical analys is revealed chat in 1992, 61.8% of Inuit 

had a favourable perception of country foods whereas only 
18 .3% had a less favourable perception and 19.9% 
reported no opinion about country foods. Moreover, 
69.4% of the adult population of Nunavik mentioned 
knowledge of PCB contamination in country foods, 
however, only 21.8% of Inuit declared having changed 

their living habits si nce first hearing about PCBs in breast 
milk of Inuit women. 

T he knowledge of food contamination did not appear co 
decrease the perception of country foods (Table I). 
Among Inuit who knew of food chain contamination , a 

greater proportion had a very favourable perception of 
cou ntry foods than those who did not report knowing of 
contam inants in country foods. Among those reporting 
changing their living habits following the announcement 
of PCBs in breast milk of Inuit women in 1992, a greater 
proportion had a lower perception of country foods 

compared with chose who did not report making any 
changes. In contrast, a greater proportion of Inuit who 
had a more favourable perception of country foods or no 
opin ion did not change their living habits. A more 

positive perception of country foods was observed among 
Inuit who participated in land based activities (hunting 
and fishing). C hanges in living habits and the practice of 
land based act iviti es we re not associated with the 

knowledge of food contamination. 

A more positive perception of country foods was found 
among In uit 30 years of age and older (p < 0.001 ), 

among chose reporting having a wage earning job 
(p = 0.014), living in couples (p = 0.003), and living in 
households of 4 or more residents (p = 0.031 ). A greater 
number of people 30 years and older (p < 0.00 I). with 
no forma l schooling (p = 0.016), married or living in 

common law (p < 0.001) reported knowledge of food 
cha in contaminatio n than chose I 8 co 29 years old , with 
some secondary school education , or who reported their 

marital sta tus as si ngle. 

A greater proportion of Inuit women reported making 
changes in their living habits as compared with 1 nuit men. 

Among those women reporting changing their living habits 
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(n = 68), 37% declared eating less marine mammals (in 
particular blubber), 15% ace less fish, 13% reported not 
eating marine mammals anymore, and 12% reduced the 
duration of breast feeding. Among the changes, only the 
consumption of marine mammals differed between the sexes 
with more men than women reducing this consumption. 

A greater proportion of men than women (p < 0 .00 I), 
and residents of Ungava coast communities (p < 0.001) 
reported regularly participating in land based activities . 
As well, more wage earn ing (p = 0.01), and married, 
divorced or widowed individuals (p = 0.026) reported 

participating regularly in land based activities chan jobless 
and/or single individuals surveyed. 

The perception of country foods and knowledge of con
taminants did not vary significantly with the mean intakes 
of country foods and contaminants (Aroclor 1260, DOE, 
mercury and lead). However, Inuit who consumed seal 
fat two times or more per month had the most favourable 
perception of country foods as compared to those who 
ate this item less often (p = 0.0002) . Moreover, a greater 
proportion of Inuit who participated in land based 
activities declared having eaten beluga and seal blubber 
ac lease two times per month as compared to those who 
reported not going out on the land (p values < 0.00 I) 
yet che consumption of seal and beluga meat, beluga 
blubber and muktuk did not vary with the levels of 
perception and knowledge of food contamination. The 
intake of country foods, Aroclor 1260, DOE and mercury 
were similar among all participants, however, mean lead 

intake was significantly higher (p = 0.03) among Inuit 
who had participated in land based activities. Mean con
centrations of Aroclor 1260, mercury and lead varied 

sign ificantly according co perception levels of country 
foods with Inuit having no opinion about country food 
safecy and health showing the lowest concentrations for 
these 3 contaminants. Inuit who mentioned knowing of 
PCB country food contamination had higher concentra
tions of Aroclor 1260, DOE mercury and lead than Inuit 
who did not report knowing of the contamination. 
Finally, blood contaminant concentrations did not differ 
significantly between individuals reporting having 
changed (or not) their lifesryle since hearing of food chain 
contamination or according co their reported level of 

participating in land based activities. 

When reviewing blood profiles of Inuit surveyed, mean 
concentrations of EPA + DHA were found co be signifi
cantly higher among Inuit who had a most favourab le 
perception of country food (p = 0.03). Inuit who reported 
knowing of contaminants in country foods, and partici
pated regularly in land-based activities had higher plasma 
concentrations of EPA + DHA than chose who did not 
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know of rhe contamination (p = 0.03), or did nor report 
being as active in land-based pursuits (p = 0.05). Finally, 
we verified whether main study variables were related to 
psychological distress and social health. No relationship 
was found berween the variab les. 

Discussion 
The results of our study support some of the previously 
assumed hypotheses regarding the relationship berween 
perception of country foods and some socio-demographic 
factors and the consumption of certain country food items 
(Burger, 2000; Vaughan, 1995). Our results suggest that 
communication about environmental contamination had 

moderately affected the perception of food quality among 
Nunavimmiur. However, considering that 69.4% of the 
Inuit were aware of country food contamination and only 
21.8% of Inuit declared to have changed their living 
habits following the announcement of contaminants, we 
believe that the knowledge of country food contamination 
did not decrease substantially the perception of country 
foods among Nunavimmiut (61.8% ofNunavimmiut had 
a very favourable perception of country foods at the rime 
of the survey). Human conceptions, perceptions and reac
tions to risk are complex. Usher et al. (1995) concluded 
that political, economic, cultural and psychological factors 
shape perceptions of country foods in Aboriginal 
communities. Hence, the high social, economic, cultural 
and traditional value of country foods may explain why 
most Inuit had a very favourable perception of country 
foods even when aware of contaminant issues. More 
research is required in rhis area to assess the impact of 
social, economic and cultural influences on country food 
perception and the acceptance of health advice messages 
related to country foods and contaminants. 

Our results showed char older Inuit had a better perception 
of country foods than younger Inuit, which may explain 
the higher consumption of country food by older Inuit. 
Borre (1991) reported certain comments of older Baffin 
Inuit revealing that Inuit who grew up eating traditional 
foods continue to do so regularly to survive. Furthermore, 
the Same Quebec Health Survey revealed rhar younger 
Inuit were less aware than Elders of the relationships 
berween food and health. These observations may explain 
the mosr favourable perception of country foods that we 
found among Inuit of older ages. The most favourable 
perceptions of country foods were also reported by Inuit 
living in couples. Our recent project entitled "Socio
demographic factors influencing nutrition and contaminant 
exposure in Nunavik" revealed that Inuit living in couples 
were more likely to consume country foods as compared 
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with others, suggesting that single, separated or widowed 
Inuit may have less access to traditional food resources or 
the resources to attain these foods (equ ipment, etc.). 
Recently, Duhaime et al. (2001) reported that the presence 
of a male as the head of a household and, to a lesser exrenr, 
access ro a wage income raised the proportion of 
traditional/country foods in the total diet among Nunavik 
women. Wein et al. (1991, 1988) also reported that the 
availabil ity of traditional/country foods depended greatly 
upon having a hunter in the family who was equipped with 
adequate resources (including means of transportation) and 
skills. We found that participation in land-based acriviries 
was greater among men, among Inuit having a wage
earning job and among those living in couples or divorced/ 
widowed Inuit. 

Results revealed also that among people who have changed 
their living habits following the announcement of PCBs in 
breast milk were, in general, evenly distributed according 
to socio-demographic factors. A greater proportion oflnuit 
women appeared to have made changes in their living 
habits. This observation appeared to be consistent with the 
type of communication released in Nunavik, e.g. the 
announcement of PCBs in the breast oflnuit women. 

Finally, this study permitted the examination of con
taminant exposure (intakes and blood concentrations) 
among the Inuit population of Nunavik according to 
perceptions and knowledge of country food contamina
tion, subsequent modifications of food habits and the 
level of participation in land activities. Results do not 
permit us to establ ish causal relationships even rhough 
significant statistical associations were observed berween 
rhe study variables. The combined results from several 
studies are needed to support causal relationships berween 
such factors as socio-demographic elements and 
contaminant exposures. In this study, the main differences 
in contaminant intake observed according to the study 
variables may be explained by the quantiry and items of 
country food consumed on the day before the survey. 
These factors depend on the availability and accessibility 
of traditional/country foods at this rime, and the concen
tration of contaminan ts in specific country food items, 

which vary greatly berween species. 

Curren tl y, there is very little literature concerning rela
tionships between contaminant exposure and our main 

study vari ab les. Our results showed that contaminant 
intake did nor vary according to perception of country 
foods and knowledge of food chain contamina tion. In 
contrast, blood concentration s of contarninancs va ri ed 

significantly according to these variables (except for 
ODE). Concentrations of Aroclor 1260 and lead were 
higher among Inuit having a less favourable perception 
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of country foods whereas mercury concentration was 
hi gher among those having a very favourable perception. 
Mo reover, Inu it having no opinion showed rhe lowest 
concen tration of contam inants . These differences 
observed for the relations hi ps between intakes and blood 
concentrations of contaminants may be explained by the 
so urce of contaminants co nsumed. Moreover, it is 

possi ble that the use of 24-hour dietary recall is not a 
valuable cool co compare intakes and blood concentra
tions of co ntam inants . 

Expected Completion Date 
This project has been completed and is being communi
cated to the Nunavik Nutrition and Health Committee 

during the fall of 2003. 
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Nunavik Nutrition and Health Committee 
Communications and Coordination Program: 

Regional Contaminants Coordinator 

Program leader 
Minnie Grey, Chairperson, Nunavik Nutrition and Health Committee, 
Nunavik Regional Board of Health and Social Services, Kuujjuaq, Nunavik; 
phone: 819-964-2222; fax: 819-964-2888; e-mail: 
Minnie.Grey@sympatico.ca; Serge Dery, Director of Public Health, 
Nunavik Regional Board of Health and Social Services, Kuujjuaq, Nunavik; 
phone: 819-964-2222; fax: 819-964-2888; Serge_Dery@ssss.gouv.qc.ca 

Project team members 
Nunavik Nutrition and Health Committee members: Nunavik Regional Board 
of Health and Social Services (4 representatives); Makivik Research Centre 
(2 representatives); Kativik Regional Government (1 representative); 
lnuulitsivik Health Centre (1 representative); Public Health Research 
Unit- CHUO Research Centre (3 representatives); Inuit Tapi riit 
Kanatami (1 representative). 

Abstract 
The Nunavik Nutrition and Health Committee (originally 
named the PCB Resource Committee) was established in 
1988 to deal with issues related to food, contaminants, the 
environment and health in Nunavik. Since its inception, 
the committee has broadened its perspective to take a more 
holistic approach to environment and health issues inclusive 
of 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 of 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 educates the public on health and 
environment topics and research projects, and represents 
Nunavik interests at the national and international levels. 
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All activities are conducted with the goal to protect and 
promote public health in N unavik, through more info rmed 
personal decision-making. The comm ittee proposes ro 
continue these activities through their involvement in the 

Northern Contam inants Program during the 2002-2003 
research year. 

Key Project Messages 
1. The Nunavik Nutrition and Health Committee is the 

key regional committee for health and environment 
issues in Nunavik; 

2. T he committee origi nated in 1989 and supports the 
activit ies of the Public H ealth D irecto r in advising 
and educat ing the public on food and health issues, 
incl uding benefits and risks associated with contam i
nants and cou ntry foods; 
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3. T he committee continues robe active within the NCP, 

revi ewing and supporting resea rch in the region, 
li aising with researchers, and hel ping in the commu
nication of research results in a way that is appropriate 
and meaningful ro N unavimmiut. 

Objectives 
The general objective of this project is ro address regional 
communica tion needs and provide information necessary 

for th e public understanding of data relevant ro environ

menta l hea lth and contaminants iss ues in Nunavik. 
Specifically, the objecti ves are: 

I. To provide the population and health workers with 
background information ro help them understand and 
contextu alize environmental health, nutrition and 
conta minants research, objectives and results; 

2. To compile elements of public concern that have not 
been addressed to date, and ro steer and support 
resea rch acti viti es rowards providing the data needed 

ro address th ese concerns; 

3 . To undertake public communications of environmen
tal hea lth data, incl uding res ul ts of Northern 
Contaminants Research Projects, and help develop 
regiona l com municatio ns and evaluations strategies 

fo r this info rmation; 

4 . To prepare state of the knowledge summaries on these 

issues co assist in communication and incervencion 
activit ies of local health and environment officials; 

5. To fac ili tate resea rch o n environmental communica

tions and risk perception iss ues; 

6 . To help resea rchers translate their data into meaning

ful in fo rmatio n for the publi c; 

7. T o suppo rt partnerships in various research and inter
ventio n activities related co country foods, nutrition 

and hea lth. 

Introduction 
In unavik, a group of ind ivid uals representing different 
o rga ni zatio ns concerned with health, rhe environment, 

and nutriti on issues fo rmed to add ress these rop ics and 
communica te with /edu cate th e public so that they may 
make more informed personal decisio ns. T he group, th e 
Nunavik Nutrition and Health Committee, evolved from 

the PC B Committee, created in 1989 and later renamed 
th e Food, Contaminants and H ealth Committee. The 

name has changed over the years as the group has learned 
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of the impo rtance to not on ly foc us on negative im pacts 
of contaminants, but the need fo r a mo re ho listic 
approach ro nutrition, health and the environment 
includ ing benefits as well. On an ongo ing basis, the 
committee addresses a number of issues relating ro food, 
contaminants, nutrition and health and the relationship 
ro the environment. Th is report represents a synopsis of 
the committee's activities fo r the 200 1-2002 year. The 
committee is the recognized and authorized body for the 
region on health and environ ment iss ues . 

This evolution and recogn ition of the NNHC places it 
in an important ro le in addressing issues related to 

contaminants, food, health and the environment in the 
region. The committee is therefore well positioned, and 

has the necessary capacities ro support research activities 
(through review, facilitation, 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 coordination 
activi t ies for the 2001-2002 year. 

Activities 

In 2001-2002 
Jn 2001-2002, the coordinaror of the committee: 

Participated in the ITK-RCC training activities; 

Supported the acnvities of the Public Health Direcror 
in regards to his role in the committee; 

Participated in the integration and communication of 
environmental health research findings for the general 

public as well as specific target groups; 

Participated in all regional com mun ity activities of 
the committee; 

Provided the link between committee members and 

between the committee and regional organizations on 
different ropics related to country foods, nutrition and 
health; 

Participated in the organization of the committee 

meetings by preparing the agenda and by providing 
co committee members, documents, materials and 

correspondence related ro topics discussed at the 

meetings; 

Prepa red and d istributed min utes o f commi ttee 
meetings; 

Acted as liaison between researchers, involved in the 
region and outside the region, and the committee; 
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Represented Nunavik interests in the Inuit Diec and 
Health Study consultation meeting; 

Participated in adapting intervention strategies 
designed outside N unavik for use in the region, and 
in mobilizing regional actors to define new or appro
priate interventions. 

Activities 

In 2002-2003 
The Regional Contaminants Coordinator (RCC) is work
ing with the Nunavik Regional Board of Health and 
Social Services, under the Director of Public Health and 
chairperson of the committee. As a member of the 
NNHC, the RCC is working in an interdisciplinary 
environment of researchers, wildlife and health officials, 
health care professionals, and community representatives. 
The RCC has the responsibility of coordinating the 
activities and operation of the NNHC. The casks of the 
RCC include: planning regular meetings, preparing the 
agenda, taking notes and preparing the minutes . Further
more, the RCC fulfilled many other responsibilities: 

I. Follow up the correspondence with other regional and 
national organizations . 

2. Act as liaisons between researchers and specific 
communities to gain the proper authorization and 
conduct appropriate consultation with community 
councils, health officials, and potential participants. 

3. Follow-up on researchers up-dates of their work to the 
NNHC and involvement in the planning and realisation 
of communication activities. 
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4. Inform researchers of comm ittee's recommendations 
for commu ni cation/d issem ination activi ties on their 

projects. 

5. Organize al l logistic aspects of regional communication 
tour. 

6. Prepare mid-year and fi nal reports for the NCP 
Program. 

Conclusion 
The Nunavik Nutrition and Health Committee is an active 
body supporting and enhancing the region's research and 
decision-making capacity related to environmental health 
issues including exposure to environmental contam inants . 

This is done through a variety of activities in which they 
represent the interests ofNunavik residents. T hrough these 
activities they cooperatively manage and d isseminate 
information to the pub lic co support informed decision 
making on issues of health and nutrition. 

Expected Completion Date 
This is an ongoing project as the committee coordinacor 
is active on these issues in the region annually. 

Acknowledgements 
The committee coordinator wou ld like to thank the 
Northern Contaminants Program and the Nunav ik 
Regional Board of Health and Social Services for ongoing 
support and funding of their activities related co health, 
contaminants and nutrition in the region. 
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Abstract 

The GLOBE Program -
New POPs in the Arctic, 2001-2002 

Project leader(s) 
Peter Hardy, GLOBE Arctic Coordinator, c/o Yellowknife Catholic Schools, 
P.O. Box 1830, Yellowknife , Northwest Territories XlA 2P4; phone: (867) 873-
4888; fax: (867) 873-5732; e-mail: arctic_aussie@yahoo.com 
Catherine McEwen, GLOBE Country Coordinator, c/o Northern Biomes Ltd , 
220 Holmes Road , Salt Spring Island, BC V8K 1T6; phone: (250) 653-9148; 
fax: (250) 653-9602; e-mail : cmcewen@saltspring.com 

Project team 
Project team includes the teachers trained and conducting the GLOBE-NILU 
project with students. They are: 
Donald Mearns, Vice Principal , Attagoyuk School, Pangnirtung, Nunavut; 
Stacy Applejohn, Science teacher, Samuel Hearne High School , lnuvik, 
NWT; Jeff Szeryk, Science teacher, Samuel Hearne High School , lnuvik, NWT; 
Andrew Applejohn, Research & Administration, Aurora Research 
Institute, lnuvik, NWT; Gary Morgan , Curriculum Initiatives Coordinator, 
Yukon Education , Whitehorse, Yukon ; Bob Sharp, Experientia l Science 11 
teacher, Yukon Education, Whitehorse, Yukon; Mabel Tetl ichi , Cultural/ 
Education Liaison to Chief Zzeh Gittlit School , Old Crow, Yukon. 
The Vuntut Gwitchin First Nation, Inuit Tapiriit Kanatami , lnuvialuit 
Regional Corporation, Council for Yukon First Nations, Dene Nation, and 
the Department of Education of Nunavut, NWT and Yukon , respectively, 
support the GLOBE-NILU Arctic POPs project in principal. 

The GLOBE Program - New Pops in the Arctic, 2001-
2002 represents Canada's invo lvement in the GLOBE
NILU Arctic PO Ps project - a joint initiative of GLOBE 
N orway and T he GLOBE Program. The project uses 
students and teachers to sample for the presence of PCBs 
and PBDEs in rhe Arcric food chain. The project involves 
at least rwo high schools fro m each of seven circumpolar 
co untries partic ipating. T he international representation 

sup po rts communication between the countries and 

encourages cooperation within the circumpolar world. 

During the 2001 - 2002 funding period, teachers gathered 
at a workshop for training in Arctic POPs and in the 
specific protocol for field sampling for local fish , in 
addition to training in the many GLOBE protocols for 
monitoring the environment. Fish samples were sent to 
the Norwegian Air Research Institute (NILU) where they 
were analysed for PCBI53, PBDE47, and PBDE99. The 
timing of receipt of the lab results exceeded the NCP 
funding period, precluding student analysis of the results 
during same period. Spring 2002 field sampling will 
repeat the Fall 200 I protocol , sampli ng local fish for 
PCBs and PBDEs. 

P. Hardy and C. McEwen 42 1 



An ongoing project for 4 years, each year the field 
sampling will include a different component of the food 
web or environment. 

See www.nilu.no/niluweb/services/arcticpops/ for derails 
on the Arctic POPs project. See www.globe.gov for derails 
on The GLOBE Program. 

Key Project Messages 
I. Students and teachers learn about the important 

environmental issues surrounding Persistent Organic 
Pollutants (PO Ps) in the Arctic; 

2. Students and teachers sample for known PCBs (poly
chlorinated biphenyls) and new PBDEs (polybrominated 
diphenyl ethers) in the Arctic food chain, offering new 
data to the scientific community; 

3. Circumpolar in perspective, students gather com
parative samples from around the Arctic; 

4. Learning western scientific methodology, doing 
"hands-on" science, within the context of the local 
environment, offers an avenue for building capacity 
within the communities. 

Objectives 
I. To sample and evaluate the presence and distribution 

of Arctic POPs, namely PCBs and especially PBDEs 
in the Arctic food chain; 

2. To increase the knowledge of Arctic POPs and envi
ronmental science in schools, and the greater 
community; 

3. To invest in human resources through student training 
and development of research mentorship; 

4. To make an example of the contribution of students 
to scientific knowledge. 

Introduction 
The GLOBE Program - New POPs in the Arctic, 2001-
2002 project represents Canada's involvement in the 
GLOBE-NILU Arctic POPs project. The 4-year project 
has a circumpolar scope - involving Norway, Sweden, 
Finland, Russia, Iceland, Canada, and United States. 
Most countries have rwo high schools involved by virtue 

of GLOBE Norway offering to fund the cost of laboratory 
analysis of samples from two schools per country. Canada 
has chosen to have three schools participate, one each 
from Yukon, NWT and Nunauvr, respectively. 
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Modeled after The GLOBE Program, whereby students 
follow specific scientific protoco l, as taught by pre-trained 
teachers, and gather data for use by scientists, GLOBE 

Norway developed a program for high school students to 
study Arctic POPs in their local environment and solicited 
the involvement of scientists at the Norwegian Air Research 
Institute (NILU). In keeping with the international aspect 
of The GLOBE Program, GLOBE Norway created a 

circumpolar project and invited all circumpolar countries 
involved with The GLOBE Program to participate. 

In August 200 I, participating teachers were trained in 
Fairbanks, Alaska - in the GLOBE-NILU protocol for 
sampling fish, in the GLOBE protocols, and in the 
characteristics and issues of pers istent organic pollutants, 
especially in the Arctic. Scientists at NILU chose to have 

students investigate the presence of PCBs, already known 
to be in the Arctic food chain , and the presence of 
PBDEs, a "new" POP for parts of rhe Arctic. 

The first round of sampling in Fall 200 l involved fish 
- sampling the muscle tissue of trout or salmon, or the 

liver of cod, dependent on what was locally available . 
Immature female fish were preferred. Odolirhs were 
extracted for age determination. As per the sampling 
protocol, all precautions were taken to avoid contamina
tion of the samples with plastics. See www.nilu .no/ 
niluweb/services/arcricpops / for further derails on 
sampling methods and analysis. 

Activities 

In 2001-2002 
Funding from NCP - Phase rI for The GLOBE Program 
- New POPs in the Arctic, 2001-2002 allowed for the 

train ing of Canadian teachers at the Fairbanks workshop 
and their participation with their students in the field 
sampling for PCBs and PBDEs. 

Fairbanks, Alaska training workshop, August 2001 

In August 2001, seven Canadian teachers (see above for 
names and schools) were trained in rhe GLOBE and 

Arctic POPs protocols in Fairbanks, alongside teachers 
from rhe six other participating circumpolar countries. 

The newly appointed Country Coordinator for the GLOBE 
program in Canada, Cate McEwen, was also trained . Peter 
Hardy, acting as Arctic GLOBE Coordinator, organized the 
Canadian participation, participated as a GLOBE trainer at 
the workshop, and received training in the GLOBE-NILU 
Arctic POPs fish sampling protocol. 

During this training workshop, a representative from each 
school gave a presentation on their school environment, their 
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Table 1. The GLOBE-NILU Arctic POPs Project - Arctic POPs results from Fall 2001 fish sampling - Raw data 
(see Table 2 for details on codes) 

ng/g wet weight NO la NO lb N02a N02b N03a N03b IS la 

PCB 153 26.6787 26.3467 16.4312 97.0802 40.1798 71.3358 24.4956 

PBD E47 7.7932 6.1845 2.997 12.4948 8.6673 19.7819 6.9919 

PBD E99 18077 0 0 4.1575 1.741 4.2107 2.0369 

ng/g lipid weight NOla NOlb N02a N02b N03a N03b ISla 

PCB 153 6164943 65.294 35.20971 445.6864 92.32805 142.6716 66.84393 

PBD E47 18.00861 8.425261 6.422143 57.36249 19.91635 39.5638 19.07959 

PBD E99 4.177253 0 0 19 0867 4 000596 8.4214 5.55832 

ng/g wet weight IS1 b IS2b SWla SWlb SW2a Fila RUla 

PCB 153 25.4449 48.7276 3.6209 3.8842 17.2569 5.0378 19.9181 

PBD E47 10 0094 0 0.3798 0.5457 2.2891 0.4899 0 

PBD E99 2.232 0 0 0.3319 0.7404 0 0 

ng/g lipid weight IS lb IS2b SWla SWlb SW2a Fila RUla 

PCB 153 63.12293 205.352 197.9425 285.2113 4314225 866.5016 338.6077 

PBD E47 24.83101 0 20.7624 40 06997 57.2275 84.2628 0 

PBD E99 5.537077 0 0 24.37094 18.51 0 0 

ng/g wet weight RU lb All a Allb AL2a AL2b CA la CAlb 

PCB 153 2.454 5.3 5.0972 0.2325 0.2256 9.0216 13.6753 

PBD E47 0 0 0.9157 0 0 0 0.5686 

PBD E99 0 0 0 0 0 0 0 

ng/g lipid weight RUlb All a All b AL2a AL2b CA la CAlb 

PCB 153 40.9 18.63548 23.04821 6.701471 7.53504 29.3202 40.43132 

PBD E47 0 0 4.140557 0 0 0 1.681078 

PBD E99 0 0 0 0 0 0 0 

ng/g wet weight CA2a CA2b CA3a CA3b 

PCB 153 4.3187 3.7492 2.739 0.9244 

PBD E47 0 0 0 0.2307 

PBD E99 0 0 0 0 

ng/g lipid weight CA2a CA2b CA3a CA3b 

PCB 153 33.55298 22.4952 34.57988 11.71623 

PBD E47 0 0 0 2.923988 

PBD E99 0 0 0 0 
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Table 2. Codes of samples detailing school origin, fish 
species, and whether muscle tissue or liver 
Code School 

NOia Norway Vannraeid Cod liver! 

NOlb Norway Vannraeid Cod liver2 

N02a Norway Vestvag~y Cod liver! 

N02b Norway Vestvag~y Cod liver2 

N03a Norway Kj~llefjord Cod liverA 

N03b Norway Kj~llefjord Cod livers 

IS!a Island VMA Cod liver! 

IS!b Island VMA Cod liver2 

IS2b Island Barnaskoli Haddock liver2 

SWla Sweden Hjalmar Trout fillet! 

SWlb Sweden Hjalmar Trout fillet2 

SW2a Sweden Laestadius Salmon fillet! 

Fila Finland Pudas Whitefish fillet! 

RU la Russia Gymnasium Coregonus liverl.2 

RU lb Russia Gymnasium Coregonus liver3.2 

Alla Alaska Kodiak Cod #I 

Allb Alaska Kodiak Cod #2 

AL2a Alaska Polaris Salmon fish! 

AL2b Alaska Polaris Salmon fish2 

CAI a Canada Samuel HH Loche liver! 

CAlb Canada Samuel HH Loche liver2 

CA2a Canada Chief WF2-liver Lake whitefish 

CA2b Canada Chief WF3-liver Broad whitefish 

CA3a Canada Attagoyuk Chari fillet 

CA3b Canada Attagoyuk Char2 fillet 

srudents and community. These presentations alone initiated 
a circumpolar awareness among the participants. 

Training at the workshop certified the teachers as GLOBE 
trainers, enabling them to train other teachers in GLOBE 
protocols and thereby spread the implementation of 
GLOBE in schools. The Arctic POPs train ing, provided 
by NILU, developed awareness about Arctic POPs and 
the impact of POPs on Arctic life. 

Fall 2001 field sampling 

Srudents sampled local fish - lingcod in lnuvik, Arctic 
char in Pangnirtung, and whitefish in Old Crow - by 
gill net or fishhook, during October 200 I. Samples were 
then sent to Norway for analysis at the NILU facilities. 

Results from NILU were received mid-April representing 
analysis for PCB 153, PBDE 47, and PBDE 99, as both wet 
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weight and lipid weight (see below). Resulrs await student 
interpretation, and at the close of the 4-year project, will be 
assessed and analysed by NILU scientists. 

GLOBE team building through other training workshops 

The Fairbanks training, in combination with a GLOBE 
training workshop held in Kananaskis, Alberta in August 
2001 effectively creates GLOBE training teams across the 
Canadian No rth. In Yukon , there are now three GLOBE 
trainers, in NWT, the three participants represent a ream 

for the Mackenzie Delta region, in addition ro three 
others, and in N unavut there are now two GLOBE trainers, 
one each in Baker Lake and Pangnirtung. 

Results 
(See Table 1 and 2) 

Discussion and Conclusions 
Laborarory analys is of the Fall 2001 field sampling was 
received from N ILU in Ap ril 2002. The interpretation 
by students will be conducted largely in the 2002/03 
school year. 

The hands-on approach to scien tific studies for student 
learning in a familiar and thus relevant environ ment is 
one of the many strengths of the GLOBE program. By 
sampling for PCBs and PBDEs, students are providing 
data about the presence and distribution of new Arctic 
POPs to the scientific community, as well as to their own 
communi ties. We are optim istic that the data collected 
by students through this project will add ro the data bank 
of high-quality scientific research, wh ich can be used to 
support international and global negotiations addressing 
Arctic concerns about POPs. 

We are also optimisti c that the GLOBE-NJLU project 
wi ll further the communications - encou ragi ng coop
eration in the circumpolar world. 

Next phase of project: analysis of results, from Fall 200 1 
sampling. 

In the first report of findings, students wi ll be asked ro 
focus on: 

• the difference between wet weight and lipid weight; 

• geograph ical differences; and 

• comparing results with other reported measurements. 

The interpretatio n of results by indigenous students 
introduces an impo rtant aspect of the proj ec t. The 
fieldwork and classroom lessons can se rve ro bring 
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together the two ways of knowing - western scientific 
and indigenous. In this vein, the GLOBE-NILU Arctic 
POPs project offers an opportunity for building capacity 
in Canada's northern communities, estab lished on an 
understanding of POPs in the Arctic. 

Scientific publication of the results will be done by NILU 
scientists with acknowledgement of and due credit to the 
students' efforts. 

Work to be continued includes field sampling for local 
fish in Spring 2002. In August, a training workshop in 
Akureyri , Iceland, will prepare the teachers for the next 
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sampling period - Fall 2002, when a higher trophic level 
will be sampled. The exact t iming of the Fall 2002 field 
sampling will occur at the discretion of the respective 
schoolteachers, with samples to be sent to NILU for 
analysis, as in 200 I. The project will include at least two 
further samplings (Spring 2003, Fall 2003) - with the 
trophic level to be sampled yet to be determined. 

Expected Completion Date 
Spring 2004 
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Communications of NCP Results 
in the Northwest Territories 

Using Various Media 

Project leaders 
Carol Mills, Manager, Contaminants Division, Indian and Northern Affairs 
Canada, P.O. Box 1500, Yellowknife, NT XlA 2R3; phone: (867) 669-2699; 
fax: (867) 669-2833; e-mail: phippens@inac.gc.ca; Chris Paci , Environment 
Manager, Dene Nation, P.O. Box 2338, Yellowknife, NT XlA 2P7; phone: (867) 
873-4081; fax: (867) 920-2254; e-mail: denenationcp@ssimicro.com 

Project team 
Sub-committee wi thin the NWTECC c/o Indian and Northern Affairs Canada , 
P.O. Box 1500, Yellowknife, NT XlA 2R3; phone: (867) 669-2699; fax: (867) 
669-2833; e-mail: phippens@inac.gc.ca 

Abstract 
Communication of research results obtained from the 
Northern Contaminants Program focussed on a newspaper 
insert with short article, photos, key messages, questions and 
answers and kid's corner. Audio messaging focussed on the 
redevelopment of Inuit Tapiriir Kanatami (ITK) public 
service announcements for Dene audiences, translated into 

each of the Dene languages and distributed via CD ro local 
radio and translated ro effectively commu nicate them ro the 
communities within the Northwest Terrirories. 

Key Project Messages 
Local radio translation (audio messaging) and newspaper 
inserts are effective for communicating NCP results ro 
communities in the Northwest Territories. 

Objectives 
I . To effectively communicate results of research under the 

NCP to residents ofrhe NWf (objective of blueprint). 
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2. To maintain and enhance understanding of issues 
related ro contaminants among the general public in 
both the North and South, focusing particularly on 
the results ofNCP Phases I and II. 

3 . Produce communication products on research ro date, 
in particular, using local cable, web sires, radio, post
ers and workshops, as appropriate by region. 

4 . Produce region and species specifi c summaries of 
results. 

5. To communicate res ults of NCP research, key mes
sages, and general contaminants information ro the 
audiences and/or messengers. 

6. Develop and deli ver communication packages and 
visual aids to co mmuni cate contaminants information 

specific ro priority key audiences and regions. 

7. Explore new and innovative media for communicating 
key messages. 

8. To briefly co mmunicate the goa ls, objectives and 
priorities of the NCP (Phases I and II). 
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9. To provide valuable information co contribute cowards 
info rmed decis ion-making regarding the harvesting 
and consumption of traditional/country foods. 

I 0. To undertake a bi lateral transfer of knowledge by 

add ress ing quest ions from WT residents posed 
throughout Phase II. 

Introduction 
T his pu bli cation seeks to effectively communicate mean
ingful information o n issues related to contaminants in 
che No rt h; contri bu te to informed decision-making 
regard ing the harvesting and consumption of traditional/ 

country foods. By considering the different communica
tion needs of WT residents, materials presenting the 
resu lts of the NCP will be developed and delivered in a 
cu lturally relevant format, thus fulfilling a key objective 
of the Education and Communications blueprint. 

T h is work will focus on che overall considerations for the 
Education and Communications blueprint, but specifically 
it will sa ti sfy th e fo ll owing cr iter ia: "Concentrate on 

commun ication of research results in addition co general 
contaminants information" . As Dene Nacion and DIANO 
have had a great deal of experience (communicating the 

activit ies and findings of the NCP throughout both phases 
of che progran1), they wi ll form an ideal team in providing 
results of Phase II in a culturally relevant manner. Lessons 
learned during community tours, workshops and retreats 
would be considered while developing and delivering 
results, which may sometimes be sensitive to residents. 

Oral comm unications have always been a popular and 
effective mea ns of communicat ing information in the 
Northwest Te rri to ri es, parti cularly in smaller communi

ti es. For residents whose fi rst language is not English, 
rad io p rogram ming in local languages is often the most 
effective way to provide news and information. It is for 
this reason chat audio recordings of NCP results and 

activities will be made in all eight official languages of the 
NWT, in addition co printed media. Thus all residents of 

the WT were targeted. 
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Activities 

In 2002-2003 
Production and distribution of a newspaper insert. 

Audio messaging translated into each of the Dene 
languages and distribution of CDs co local radio and 
community stations. 

Language translations for aud io messaging included: 
English, French, Dogrib, Chipewyan, North Savey, 
South Slavey, Gwich ' in and lnuvialukcun. 

Production of public service announcements (PSAs) 
on CD in various languages for all Denendeh 
regions . 

Results 
Feedback is still being received based on che newspaper 
inserts. People are contacting the Contaminants Division 
at Indian and Northern Affairs regarding the Territorial 
Contaminants Committee and the research they are 

involved with. 

During community tours the residents tend to be more 
aware of NCP issues concluded by the number of 

questions being received. 

Discussion and Conclusions 
In 2002-2003, Dene Nacion and Indian and Northern 
Affairs in Yellowknife co-operated co provide an effective 
way of communicating and educating local communities 
within NWT on the results obtained in NCP 2, which 
included local contaminants concerns. Based on com
munity response via question and answer, the methods 

chosen seem ro be effective. 

Expected Completion Date 
Completion of project by March 31, 2003. 
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Denendeh (Northwest Territories) 
Contaminants Communication Tour: 

The Deh Cho and Sahtu Regions 

Project leader(s) 
Contaminants Division, DIAND NT Region,(Yellowknife), PO Box 1500, 
Yellowknife, NT XIA 2Hl; phone: (867) 669-2699; fax (867) 669-2833; 
e-mail: wardju@inac-ainc.gc.ca; Chris Paci , Dene Nation, Lands and 
Environment, Box 2338, Yellowknife, NT XIA 2P7; phone (867) 873-4081; 
fax, (867) 920-2254; e-mail: cpaci@denenation.com 

Project team 
Sub-committee of the Northwest Territories Environment Contaminants 
Committee (NWTECC). 

Abstract 
Contaminants communication workshops in Denendeh (rhe 
Northwest Territories) in the past consisted of ad hoe 
regional meetings attended by community representatives. 
Regional contaminants meetings were held in Lac La Mame 
(March 1994), lnuvik Qune 1995) and Yellowknife, for 
Akaircho Territorial Government (March and April 1998). 

To improve on rhese past efforrs, a tour concept was devel
oped, a new approach to communicating contaminants 
results and to gather community concerns through a 
workshop delivered to communities in a region determined 
ro be of the highest need. The Denendeh tour of key 
communities in rhe Deh Cho and Sahru regions was initiated 
and delivered in 2001 (October and November). These 
regions and communities were chosen based on rheir interest 
in recent mercury (Hg) work done on fish . In total, seven of 
I 5 communities were visited during the tour. 

Tour workshops consisted of visits by a team made up of 
a program representative, an Aboriginal partner, a health 
speciali st, and a scientist. Sessions were held in the local 
school s and for the public. Discussions for the tour 
focussed on where Hg and other contaminants come 
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from, thei r occurrence, measures of Hg and other 
contaminants in both ecosystems and traditional foods, 
Hg and other contaminants and human health, ongo ing 
NCP activities, and comm unity concerns related to Hg 
and other contaminants in traditional foods, waste, and 
health issues. This tour, like others in the Eastern Arctic 
(Nunavut 2000-2001), was an excellent opportunity for 
two-way discussions, which helps to establish a good 
understanding of the issues and concerns. 

Key Project Message 
I. The regional tour is an effective communication and 

education mechanism to present contam inants-related 

information to a variety of aud iences, and provide an 
opportun ity for two-way commun ication. 

Objectives 
I. Communicate the goals, objectives and priorities of 

the NCP Phase II to Dene communities in the Deh 
Cho and Sahtu regions of Denendeh. 
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2. O utline recent and current contami nants projects in 
the regions as well as to relay the find ings of NCP 
Phase I. 

3. Identi fy che issues and concerns of Dene communities 
regarding contami nants in the environment that could 
lead cowards the development of monitoring plans. 

4. To discuss ch e specific concern of Hg in fish and ro 
assist ind ividuals and communities in making informed 
decisions about their use of trad itional foods. 

Introduction 
T he classical workshop approach used co communicate 

and educate Abor iginal peoples on research results and 
program info rmation has involved bringing selected 
communi ty representatives t0 a major center, thus remov

ing these ind ivid uals and distancing NCP researchers 
from the context of communities. In the past, community 

represen tatives wou ld be given information regarding 
contam inants and the NCP and then sent home. The 
intention was to have these representatives return co each 

of their home comm uni ties co "spread the word" and 
d isseminate what they learned to the rest of their 

co mm un ities. In rea lity, the burden placed on these 
individuals was sign ificant. Many of the representatives 
were not in a position co talk with every person, interested 
o r othe rw ise, and the person chosen to represent a 
commu nity at a workshop was not necessarily hired on a 

fu ll-t ime basis to convey the information when they got 
back home. Another shorrfall was chat community 
representat ives attending a workshop had very little 
tra inin g in co m m u n ications and education for fairly 
co mpl ex science on contaminants. Information overload 

and the potential fo r miscommunication of the results 
and in for matio n of the NCP was a real pcoblem. 

NCP terricorial conraminanrs committees developed regional 
cours as an alternative mechanism for the education and 
communication of contaminants-related NCP information. 

The benefits of sending a small knowledgeable team to a 
region or a number of communities in a region for a variety 

of meetings was an improvement based on past experience. 

The reams general ly consisted of a NCP representative, an 
Abo riginal partner, a health specialist, and a scientist. The 

primary means of commun icarion was a public meeting; 

however, the team also cook advantage of the time in the 
communi ty co speak with school classes, radio, and other 

interested parties and organizations char were identified. 

T he adva ntage of having a team go into a community 

included reaching a broader community, raising the visibility 
of NCP and NCP research, communities having access to 
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hear messages from sources and co access "expert knowledge" 
directly, easing the burden on limited community resources 
by providing a team in the community, and enabling teams 
co hear from communities to ensure chat community 

concerns were and would continue to be addressed. The 
involvement of reruns in more than one community in a 

region and more than one public meeting in each 
community, allowed individuals the opportunity to hear and 
comment about contan1inants more than once. Because the 

information was being conveyed in situ it was felt that 
community members would be more comfortable, and being 
"at home,, would encourage community members to express 

their opinions and concerns more freely about the program 
and contaminants in general. 

While not a direct objective of the tour, the learning for team 
members was indispensable. A considerable value in the tour 
approach was the establishment of relationships while reams 
were in the communities. By having teams in the community, 
a wider audience has an opportunity to "put a face" to the 
voices and names of some of the individuals (scientists, 
Aboriginal organization representatives, regional contami
nants coordinators, program representatives) who are 
working in their region. The benefits of improved relations 
between ream and community members have been valuable. 

For example, in the proposals by participants in the tours, 
the area of communications is made much better. Also, 
proposals usually better address a concern that originated in 
the community. In addition, community members are 
usually more involved in the research, albeit typically in later 
stages research, for example in gathering data and samples. 

A less lasting benefit is the economic spin-offs of the tour. 
While in the community the teams inject a small amount 
of money in terms of accommodations and meals, logisti
cal support (meeting coordinator, translacion, hall rental) 
and souvenir shopping. On a regional level reams often 
have co fly to communities without road access, or are 

able ro drive ro those with roads, again a small economic 
benefit ro rhe region. 

Activities 

In 2001-2002 
The Denendeh tour cook place ar the end of October and 
beginning of November 200 I. The rour focused on 
mercury (Hg) in fish as the main theme. In the Deh Cho 
three (Deh Gah Gor'ie Dene, Jean Marie River First 
Nacion, and Liidlii Kue First Nation) of JO communities 
were visited and in the Sahru three (Tulica, K'asho Corine 

Charter Community, Behdzi Ahda First Nation) of five 
were visited. A fourth community, Pehdzeh Ki Dene 
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Band, was contacted in the Deh Cho, but due to bad 
weather the visit was cancelled. 

In each community visited this year, the ream met with 
school students in the afternoon and hosted a public 
session in the evening at the community hall. During 
spare rime, the ream would divide up and visit the 
community, talking on the local radio station and to 
media, community organizations, and councils, commu
nicating to these "frontline workers" the reason for the 
visit and to introduce themselves. 

Results 
Feedback from evaluations at the end of each public meet
ing indicates that the message is getting our there. The 
tours are most successful in providing a human face to 
contaminants research/results and the NCP. Due to the 
highly sensitive and personal nature of contaminants in 
traditional foods, the tours fill a particularly important 
role in education and communication. 

The coverage of the Denendeh tour was less than complete 
and so there may need to be further consideration of these 
regions, in particular because 2002/2003 is the final year of 
Phase II of the NCP, thus there is a need to communicate 
CACAR II across these regions (in particular in communities 
nor already visited). In the Deh Cho, 30% of the communi
ties were visited and, in the Sahtu, 60% were visited and 
these visits were good opportunities to discuss Hg and fish. 
To get the CACAR II message across in 2002/2003 more 
tours are recommended. 

While reams progressed through the tours in the communities, 
active participation of DIAND and Dene Nation managers 
in Yellowknife were essential to the success of the tours. 

Problems could be minimized in subsequent years if 
managers visit communities ahead of rime, and provide 
front-line training for coordinarors, covering, in particular, 
the needs of the tours before the reams arrive, and 
communications. We learned the very important lesson that 
it was important to follow-up, ofren, with coordinators. 
Furthermore, community coordinators are ofren people who 
are already wearing a number of hats and so the tour is not 
always their top priority. In the future, it will continue to be 
important to keep these people informed of the tour needs, 
assist them in preparing communication strategies to 
advertise the meetings, and help them do the coordination 
in an effective and positive way. 
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Discussion and Conclusions 
The Denendeh tour of the Deh Cho and Sah tu was 
encouraging and demonstrates that the rour is an evolving 
process. Each year we learn a little more about the best 
practices necessary co ens ure rhe successfu l communica
tion of the NCP, and environmental contaminants in 
general. This year's efforts will serve as the building block 
for future efforts. Meetings were well attended and audi
ences had opportun ities to raise concerns about commu
nity health prob lems, noticeable changes in rhe quality of 
traditional foods, and local contaminants issues . During 
each meeting, there was good two-way dialogue which 
helped everyone understand the issues and concerns . 
Future tours will focus on other regions in Denendeh, in 
particular the Dogrib Treaty 11 region and Akaircho 
Treaty 8 . Teams and communities will continue to ben
efit from lessons learned on this and previous tours. We 
will continue to evaluate the effectiveness of each tour. 

Expected Completion Date 
Project was completed in April 2002. 
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Regional Contaminants Coordinator (RCC): 
Labrador Inuit Association 

Project leaders 
Jolynn Pijogge, Research Department, Labrador Inuit Association, 
P.O. Box 280, Nain, Labrador AOP !LO; phone: (709) 922-2847/864; 
fax, (709) 922-1040; e-mail: natsiq@nunatsiavut.com; Mary Denniston, 
Research Department, Labrador Inuit Association, P.O. Box 280, Nain, 
Labrador AOP !LO; phone: (709) 922-2847/864; fax: (709) 922-1040; 
e-mail: natsiq@nunatsiavut.com 

Abstract 
NCP's goal is co reduce and, wherever possible, eliminate 

contaminants in traditional foods. Supporting this goal 
are the CP's priorities for providing people with the 
cools and information for making their own informed 
decisions through education, communication, and 

community participation in the program. Having a 
Regional Contaminants Coordinator in each of the 
northern regions ensures chat chis goal is being met by 
having a person in the region who is familiar with and 

sens itive co che culture and people. 

In Labrador, the Regional Contaminants Coordinator's 
duties include acti ng as a liaison between five north coast 
commun ities and Upper Lake Melville, acting as a liaison 

between researchers and che community, communicating 
research results on risks and benefits of wild foods in plain 
language co che community residents in Labrador through 
various mediums, assisting in che delivery of workshops, 

open-houses, and information sessions , and carrying out 

projects funded by the NCP in che region. 

Key Project Messages 
I. This project conti nues to enhance chc ability of the 

LIA Research Office to better deal with the issues 
related to man-made chemicals entering the environ

ment, which are a concern among Labrador Inuit, and 
to provide information in a plain language, translated 
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and accurate form in order co support Labrador Inuit 
in making informed decisions about their health and 
the environment; 

2. The LIA Research Office strives to continue, in a 
culrurally relevant manner, its communication efforts 
on contaminants, research and the environment, to 
conduce research and to promote murually beneficial 
relationships between che communities of northern 
Labrador and outside scientists; 

3. This project has enabled the Labrador Inuit Association 
Research Office to continue these communications, 
research and liaison activities, in order to effectively 
conduct research and communicate information on 
contaminants in the food chain and the environment, 

enabling Labrador Inuit co make informed decisions. 

Objectives 
An objective of the orchern Contaminants Program (NCP) 
is co reduce or, wherever possible, eliminate contaminants 

in traditionally harvested foods while providing information 
chat assists informed decision making by individuals and 

communities related to their food use. 

I. The Regional Contaminants Coordinator, under the 
Labrador Inuit Association Research Office, will 
continue to assist residents of Nain, Hopedale, 
Poscville, Makkovik, Rigolec and Happy Valley-Goose 
Bay by providing information about risks, che means 
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ro reduce risks, and information on the benefits of 
traditionally harvested foods ro support residents in 
making informed decisions; 

2. The Regional Contaminants Coord inaror will assist 
communities of the north coast of Labrador and the 
Lake Melville area in becoming involved with 
contaminant issues and activities that affect the people 
and the region; 

3. Additionally, this individual will act as a research 
liaison with outside researchers conducting work in 
the region on these issues, supporting their work and 
aiding them in conducting ethical, effective investiga
tions and communications on these issues. 

Introduction 
Labrador Inuit are sustained by the animals, birds, fish 
and plants of the region. Research has shown that 
contaminants are present in these food sources due ro the 
environment being contaminated by varying sources of 
short and long range pollution. Labrador Inuit are 
concerned about these contaminants in their food sources 
and in the environment. Key current concerns in Labrador 
include such things as PCB contamination at Saglek 
where the United States Air Force constructed a Polevault 
communications station in the 1950s, and the health of 
the George River caribou herd, a primary traditional food 
species in Labrador communities, among others. Follow
ing the objectives of the Northern Contaminants 
Program, the Regional Contaminants Coordinator 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 
utilizing the guidelines developed through consultation 
with community individuals in the project Country Food, 
Nutrition and Health: Developing Effective Communication 
Strategies in Labrador conducted by LIA Research and 
consultants Chris Furgal, Ph.O, and Lorraine Craig. The 
relationship between Labrador Inuit and outside researchers 
has, in the past, lacked consultation , understanding of 
and recognition for Inuit cu lture and thus has not 
constituted "effective" and ongoing communications. 
Improvements have been made, however the need is 
ongoing for a Regional Contaminants Coordinaror ro aid 
in the establishment of mutually beneficial research 
relationships between individuals, comm unities and 
outside researchers. This is even more critical today as 
Labrador Inuit are in the final stages of negotiating a land 
claim agreement, and face many environmental health 
issues unique to this region in the Canadian North. 
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Activities 

In 2001-2003: Communication 
Community tour 

As part of the communication responsibilities of an RCC, 
a community tour of all communities along the coast of 
Labrador, including Upper Lake Melville, was budgeted 
for under the Northern Contaminants Program call fo r 
proposals 2002/2003. The intent of this tour was to give 
the people of Labrador an overview of the Labrador RCC 
duties, objectives and goals, and provide information on 
the benefits and risks of traditional foods in the region. 
Further, the trips to communities were intended to gather 
new concerns and issues on the minds of the LIA 
membership related to hea lth and the environment. 

In February 2003, an open house was held in each 
community to give an overview of the different projects 
going on in the region, as well as to inform people about 
the activities of the LIA Research Office. 

This gave community people a chance to view the work 
that is being conducted in the region this year, and learn 
about on-going duties and projects such as: 

Determinants of food choices in Labrador 

Climate change and health in Labrador 

The benefits of traditional foods 

Up-date on the Saglek Bay clean-up 

Contam inants: How they get into the North, the 
different types, and how they get into the food chain 

Posters on traditional foods developed by the LIA 
Research Office 

• Avativut Newsletter - quarterly newsletter developed 
by the Research Office as a communication tool for 
the membership of the LIA 

Many people suggested that this tout needs to be done 
more often and that the information on the benefits of 
traditional foods needs to be exp lored in greater depth. 
They reported that they would also like to see more infor
mation on the contam inants in their environment and 
the effects they are having on their traditional foods. 

The comments which follow are quoted directly from the 
evaluation forms completed by participants in the open 
houses: 

"J think it is very useful information, especially since wild 
foods are a big part of our diet" 
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"It was very clear & concise, with visual aids, was very 
well presented & presenter was very helpful" 

"Need catchier headlines i.e. bring a focus on potential 

danger to our health from consumption of native 
foods" 

"look forward to possible conclusive results" 

"yes very important" 

"I believe more communiry visits like this can be useful" 

"This is the first display workshop I've seen and am very 
imp ressed" 

"Yes, because [ didn't know secondhand smoke has cadmium 
and we all know how dangerous secondhand smoke is" 

"no, it's presented in the two main languages and well put 
together" 

"The people hosting this exhibit were warm and friendly 

and very helpful. They are good choices to represent the 
people of Labrador" 

"very, very important. There is a shortage of elders so it 

is good to see someone is putting this info on paper" 

"wel l done job, M,ry. Very interesting, great informa
tion" 

" it is important for people to understand about the wild 
meat in our culture." 

"if they would show a video on the PCB's in the north 
and in the food chain" 

Avativut Newsletter 

This newsletter is a quarterly publication that the LlA 
Research Office has developed and used to communicate 

to the Labrador Inuit population about such things as the 
benefits and risks of traditional foods, contaminants, heal eh 
and environmental issues and to update people on current 
research activities in this region. The existence of a Regional 
Contaminants Coordinator and her involvement in this 

publication has enhanced the LlA Research Office's abiliry 
to communicate such information in a culturally-relevant 
manner. Wichouc the RCC, it is likely chat chis newsletter 
would not be published. The main focus of the Avacivuc 

Newsletter is on the benefits of traditional foods co stress 
chat trad itional foods are still the most nutritious things co 

eat. Additional updates of new and ongoing research 
activities and relevant faces about health and environment 
issues in che region are also provided in this newsletter 
which is printed in English and lnuktitut (Labrador 
dialect) and distributed four t imes a year. A section of the 

Avativut Newsletter is also set aside for environmental news 
from each of che north coast communities, giving each 
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community a chance to share their concerns and accom
plishments with che coast regarding environment and 
health issues in their communiry. 

PCB clean-up at Saglek, Labrador 

The Regional Contaminants Coordinator (RCC) continues 
to assist with the communication about the presence of PCB 
contamination in the Saglek Bay area. The information being 
communicated to dace on this topic includes resulcs on che 
marine and terrestrial plants and animals that may have been 
contaminated by PCBs at the site, the effects this may have 
on people through their consumption of these species, and 
up-to-date information about the clean-up activities of the 
contaminated soil at the site. 

Liaising/contact participation in research projects 
Climate change and public health in Nunavik and Labrador 

Or. Chris Furgal of Quebec Universiry Hospital Centre 
(CHUQ) is conducting research on observations and 
potential impacts that changes in the environment and 
climate in Northern Labrador and Nunavik have on 
individuals and communities. LIA Research scaffer Mary 
Denniston continues to assist Chris in gathering knowl
edge from local elders, hunters, and women. This year, 

activities related to this project included bringing people 
together from each of the communities along the north 

coast, including the Upper Lake Melville area, co discuss 
their knowledge of the changes in the environment and 

weather and the impacts they have had on the people with 
regard to such things as the plants they gather and animals 
they eat, traveling conditions due to the changes in the 
temperature and weather conditions, etc. 

Determinants of food choices in Labrador 

Susie Bernier of Quebec University Hospital Centre 

(CHUQ) is conducting a research project called 
"Determinants of Food Choices in Labradoc", funded 

under NCP this year. This project is now in ics second 
and final year (2002-2003). The project will provide a 
better understanding of food pceferences, attitudes and 
other factors influencing food choice behaviour to 

develop and apply a survey in order to determine what 
northern residents believe is necessary and possible to 
ensure food security for future generations. 

Sixry-six residents ofNain (I 3 to 75 years old) participated 
in group discussions this past winter with Susie Bernier and 
Mary Denniston and a local translator. A total of 11 group 
discussions wece conducted. Everyone provided valuable 
information chat assisted in the development of the sucvey 
cool which was tested in the communiry this spring with 
40 residents between 13-71 years old. The final sucvey is 
planned for the upcoming fall (2002). 
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Ongoing daily communications and research 
coordination 
In addition ro these specific activities, a number of 
ongoing communication responsibilities are fulfilled by 
the RCC. Daily activities of the Research Office include 
responding to community concerns, providing informa
tion to the Labrador Inuit Association, communities, and 

individuals on issues relating to contam in ants, the 

environment and health, and acting as a lia ison for the 
various people proposing ro, and conducting work in the 
region . Additionally, the RCC acts as liaison for interac
tions between the region and ITK and the NCP. This 
involves regular daily interaction with various individuals 
and ongoing communications efforts. 

Results 
The existence of an RCC in Labrador has enabled and 
enhanced the abilities of the LIA Research Office ro 
continue its mandate of providing information on 

contaminants, research and the environment, acting as a 

liaison between communities and outside researchers, 

conducting research and acting as a co-faci li taror in 

delivering workshops and training for com munity 
representatives. The financial support provided through 
the NCP continues to enable the RCC ro improve the 
way information is being presented and delivered ro Inuit 
communities of northern Labrador by utilizing the latest 
project results for the region in developing effective 
communication strategies funded by NCP. In addition to 
facilitating commun icarions on contam inants informa

tion, this project enables the RCC ro ant icipate and 
reduce the possibility of misunderstandings and mistrust 
among communit ies, organizations, researchers and 

scientists in communications in the region. 

Discussion and Conclusions 
The Regional Contaminants Coordinaror continues ro 
be a valuable addition to the LIA Research Office . The 
community tour conducted by the RCC in February 2002 
gave the people of the Labrador region a chance to meet 
the RCC and to exchange any concerns they had with 
regards co environmental issues in the ir own community. 

The Community Tour also gave Labrador residents a 
forum in which to discuss their personal op inio ns and 
concerns about environmen tal issues in their com muni ty 

and the surrounding area and learn about the most recent 
activities and information related to these issues (th is 
includes information about the NCP and funded projects 

in Labrador and other northern regions). The Labrador 
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RCC continues to educate and empower the people of 
Labrador to better understand and deal with contami
nants in their environment and traditional foods, and be 

aware of research and ge neral enviro nm ental iss ues. 

The Labrador Regional Contaminants Coordin ato r con

tinues to: 

En hance the act ivities undertaken by LIA Resea rch 
Staff in providing inform at io n o n resea rch about 
contaminants and their effects on wildlife and humans 
through co nsumption of traditional foods which are 

based on the varied language and geographic needs of 
individuals and communities of Labrador; 

Enhance decision making abi liti es of Labrador Inuit 
through the delivery of information on ri sks and 
benefits of contaminants and traditio nal foods relevant 
to the region in an accurate, timely and accessible 

manner; 

Develop regionally relevant resource materials in 
consultat ion with the coasta l co mmuniti es and 

ap propriate agencies (i.e. The Labrador Inuit Health 
Commission, DIANO, etc.). These materials include 

educational materials such as posters and a quarterly 
newsletter, with a mandatory requirement of publica
tion in both lnuktitut and English; 

Use the research results from studies conducted in the 

region , such as the project Country Food, Nutrition 
and Health: Developing Effective Communication 
Strategies in Labrador to aid in effective delivery of 
information; 

Be responsible for interacting with and assis ting outside 
researchers w ith comm unity co nsulracions. This 

assistance also includes negotiating research agreements 
between researchers and com muni ty organizations, and 

reporting project results to communities. The RCC will 
determine, in consultation with comm unity representa

tives who are responsibl e for comm uni catio n of 
conram inancs, health and envi ronment in fo rmation, 

which medium(s) best su it the in formation needs of 
the community, etc . Those utilized often include 

presentat ions and workshops delivered in a plain 
language fo rm at . The RCC wi ll continue ro ass ist 
communities in identifying and prioritizing contami
nants issues and assist in commu nicati ng comm uni ty 

concerns and priorities co approp ri ate authorities; 

Take part in resea rch projects and com munication of 
research results when possible. 

J. Pijogge and M. Denniston 



Date of Completion 
T he Regiona l Contaminants Coordinator is an ongoing 

project in Labrador. 
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Revision and Expansion of 
Yukon Contaminants Fact Sheets 

Project leader 
Pat Roach, Chair, Yukon Contaminants Committee, Department of Indian 
Affairs & Northern Development, Whitehorse, Yukon; phone: (867) 667-3283; 
fax: (867) 667-3341; e-mail: RoachP@inac.gc.ca 

Project team 
Yukon Contaminants Committee: DIANO; Council of Yukon First Nations; 
Environment Canada; Yukon Renewable Resources; Yukon Health and Social 
Services; Yukon Conservation Society; Yukon College. 

Abstract 
The Yukon Contaminants Committee (YCC) produced 
Fact Sheets on selected contaminants in 1992. The 
original sheets covered three organochlorine compounds 
(DDT, PCBs, and Toxaphene) and the metals arsenic, 

cadmium, copper, lead, mercury, and zinc. Our knowledge 
of che risk represented by the copies of the 1992 sheets 
has increased and new compounds have been identified. 
The YCC has produced a new run of Face Sheets 
including updated information on DDT, PCBs, and 
Toxaphene, while adding polybrominaced diphenyl ethers 
(PBDEs) and perAuoro-octane sulfonaces (PFOS) co the 

list of organic compounds. The metals were also updated, 
and while copper and zinc were dropped, selenium was 
added. These new Fact Sheets were produced and discrib
uced through workshops and libraries, co dace. 

Key Project Message 
Our knowledge of the distribution, number, and risk of 
contaminants keeps increasing, and a good way for the public 
co remain informed is through a simplified information 

sheet. 
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Objectives 
I. Ensure chat the scientifi c research cond ucted under 

the Northern Contaminants Program (NCP) is com
municated co Yukon peoples . 

2. Keep updating the Yukon public on new issues and 
improved information on ex isting conraminancs. 

Introduction 
ln 1992, che YCC saw che need for che development of a 
simple method for commun icat ing information on 
contaminants chat were topical at chat time in Yukon. It 
was decided that simply written "Fact Sheets" would 

provide an eco nomi cal and easi ly distributed method of 
informing people with basic information on these selected 
contaminants. Since that time, our knowledge of these 
contaminants has increased and new compounds and 
metals have appeared in the Yukon food web. An updat

ing and reassessment of the exist ing Fact Sheets was 
required if the Yukon public are goi ng co remai n informed 
on current issues. The newly identified contaminants of 
concern were added co che list of Sheets and two metals 
(Zn and Cu) were dropped from the I ist, as they are no 
longer a food-based concern. 

P. Roach 



Activities 

In 2002-2003 
The YCC reviewed and revised its list of contaminants 
covered 9y the 1992 Fact Sheets and produced an updated 
set. These have been distributed through Yukon libraries 
and at Workshops . 

P. Roach 

Discussion and Conclusions 
The Yukon Contaminants Committee will continue to 

review and update the existing set of Fact Sheets as new 
information becomes available, and add to their number 
where required. 

Expected Completion Date 
March 2003. 
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Yukon Contaminants Studies 1991-2001: 
A Decade in Review 

Project leader 
Pat Roach , Chair, Yukon Contaminants Committee, Department of Indian 
Affairs & Northern Development, Whitehorse, Yukon; phone: (867) 667-3283; 
fax: (867) 667-3341; e-mail: RoachP@inacgc.ca 

Project team 
Yukon Contaminants Committee: DIAND; Council of Yukon First Nation s; 
Envi ronment Canada ; Yukon Renewable Resources; Yukon Health and Social 
Services; Yukon Conservation Society; Yukon College. 

Abstract 
An annotated bibliography was produced of the publications 
created during NCP funded research in Yukon from 1991-
200 I. The booklet is broken into subject areas and features 
an introduction co the Yukon Contaminants Committee and 

the Northern Contaminants Programs. A section in the back 
lists web sites and contact information. 

Key Project Message 
Ten yea rs ofNCP research has produced a large resource 
reference of contaminants stud ies in the Yukon. 

Objective 
Provide a reference summary of all publications, web sites, 
and databases created through NCP funded research work 

in Yukon. 

Introduction 
In the period from 1991 through 2001, a large number 
of contaminants studies have been conducted in Yukon. 

This work has produced refereed publications, reports, 
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curriculum, fact sheets, databases and web si tes. A single 
publication holding all of this information would be an 
asset to research scientists, students, and the public. An 
annotated bibliography, in the format of a booklet, was 
selected to list all of this material. 

Activities 

In 2002-2003 
A booklet of 27 pages, containing an annotated bibliog

raphy, contact lists, and relevant background information 
was produced and distributed through Yuko n libraries 
and at Workshops . 

Discussion and Conclusions 
As research continues on contaminants in Yukon, this 
booklet can be updated . Copies of the booklet can be 

obtained from the project leader. 

Expected Completion Date 
March 2003. 

P. Roach 



International Policy 





ICC Core and Mercury and POPs Project 

Project leader(s) 
Stephanie Meakin, M.Sc., Technical Advisor, Inuit Circumpolar Conference 
(Canada), 170 Laurier Ave West, Suite 504, Ottawa, Ontario KlP5V5; phone: 
(613) 563-2642, direct (613) 258-9471; lax, (613) 565-3089; direct: (613) 
258-7621; email: smeakin@attcanada.ca; 
Terry Fenge, PhD, Strategic Counsel to the Chair, Inuit Circumpolar 
Conference, 170 Laurier Ave West, Suite 504, Ottawa, Ontario KlP5V5; 
phone, (613) 563-2642, direct: (613) 722-7006; lax, (613) 565-3089; 
ema il:tlenge 7006@rogers.com 

Project team 
Sheila Watt-Cloutier, Chair, Inuit Circumpolar Conference, P.O Box 2099, 
Iqaluit, Nunavut XOA OHO; phone: (867) 979-4661; lax: (867) 979-4662; 
e-mail: icccan@baflin.ca; Duane Smith, President, P.O. Box 2120, lnuvik, 
NT XOE OTO; phone: (867) 777-2828; lax: (867) 777-2610; e-mail: 
in uvi a I u k@nt. sym pat ico .ea 

Abstract 
The Inuit Circumpolar Conference Canada in partnership 
with The Inuit Tapirii t Kanatami have taken pride in 
being managi ng partners in the high ly acclaimed North
ern Contaminants Program - a program of national and 
international importance. The results of the past five years 
of resea rch we re published in the Canadian Arctic 
Contaminants Assessment Report II (CACAR II ). Our 
partnership with federal agencies, territorial governments, 
and other northern indigenous peoples continues to be 

fruitful and important. 

ICC Canada continues to work toward the implementa
tion of the Stockholm Convention and in March of this 
yea r published, "Northern Lights Against POPs: Combat
ting Toxic Threats at the Top of the World". This book 
wi ll su rel y beco me the foremost aut hority on the 
internat ional negotiations towards ridding the Arctic of 

these dead ly contaminants. 

By ensuring Inuit issues are reAecred in the many working 
groups of the Arctic Council, we have contributed to the 

S. Meakin and T. Fenge 

draft assessment of the Arctic Monitoring and Assessment 
Programme co be completed this fall. As well, ICC is an 
active participant in the Arctic Climate Impact Assessment 
which, when released next fall will be the most comprehen
sive climate change review globally. 

Key Project Messages 
I. The Arctic is a global indicator of environmental 

health - a global early warning system. 

2. The linkages between global environmental change 
and health are an important area of research. 

3. NCP Science informing national and international 
policy (NCP scientists as world leaders in their 

fields) . 

4. Data generated from the Northern Contaminants 
Program has supported the Circumpolar Arctic Moni
toring and Assessment Programme. This is perhaps the 
most complete regional assessment of contaminant/ 
environmental health globally. 
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5. NCP data supports hemispheric initiatives under the 
Commission for Environmental Cooperation, the North 
American Free Trade environmental side agreement. 

6. The NCP data had a marked inAuence on the conclu
sion in 1998 and 2001, respectively, of international 
agreements to significantly reduce emission of key 
POPs into the environment. 

7. That both international agreements single out the 
Arctic and Indigenous peoples is testament to this 
fact. In short, science conducted under the auspices 
of the NCP was successfully translated into interna
tional policy. 

8. The utility of the research and data generated from the 
NCP should be fully explored as it has application to 
many environmental and health issues around the 
world including chronic disease epidemiology, environ
mental and human health effects from chronic low dose 
exposures to environmental contaminants, etc. 

9. The NCP model has been seen to be an example of 
innovation and partnership throughout the world. 

I 0. There continues to be a need for global action ro main
tain and improve the health of the Arctic ecosystem. 

11. The NCP has provided capacity building to allow 
many northern aboriginal peoples to participate in 
international activities. 

Objectives 
The overarching objective of this work is to ensure Inuit 
are aware of the global, circumpolar and national activities 
and initiatives regarding contaminants and are 111 a 
position to participate where most effective. 

Introduction 
The adverse effects of contaminants on both the environ
ment and human health is of great concern in the Arctic and, 
as such, the Arctic has a great interest in the success and 
effectiveness of the current international initiatives to reduce 
the presence of contaminants in the northern environment. 

For these reasons, it is crucial that the Arctic indigenous 
peoples understand the issues and continue to be full 
participants in the circumpolar and international efforts ro 
reduce POPs and heavy metals in their homelands. 

Contamination of the Arctic is a concern for all indigenous 
peoples who live in the circumpolar region, but also for all 
people in general, as the Arctic is an important indicator 
of the health of the global environment. 
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Activities 

In 2002-2003 
NCP core activities 

Participated as member of the NCP Science Managers 
Committee during 2002-2003. 

Participated in the drafting of the highlights Report 
and review of the technical chapters of the 
CACAR II. 

• Actively Lobbied for NCP renewal during 2002-2003. 

Published POPs Book, March 2003. 

NCP Symposium, Ottawa, March 2003 . 

SILAR, March 2003 edition. 

ICC has participated in numerous media communica
tions events to publicize the research and results of 
NCP including northern, national and international 
radio and print interviews and specials (ie. USEPA's 
video on POPs). 

USEPA Tribal Population and Contaminants Review 
Committee. 

• Arctic Parliamentarians . 

Mercury/POPS activities 

Inuit representative on the CCME Hazardous Air 
Pollutants Working Group during 2002-2003. 

Monitored and reported on NAFTA CEC SMOC 
NARAP activities. 

Monitored the Great Lakes Binational Toxics Strategy 
with regards ro mercury and POPs, and the EPA 
Mercury Action Plan act ivi ry and reported on the 
progress. 

Attended the INC 6 in Geneva, June 2002, as a member 
of the Canadian delegation. Participated in the meeting 
and working groups, reported back to the aboriginal 
partners. 

Participated in UNEP Global Mercury Assessment 
Review and Canadian consultations. 

General Assembly, Kuujjuaq, Nunavik, August 2002. 

Presented Case Srudy on POPs and Srockholm 
Convention at the World Summ it, Johannesburg, 
September 2002. 

Participated in the Canadian consultations towards 
the UNEP Mercury Working Group Meeting in 
Geneva. 

S. Meakin and T. Fenge 



• Attended the Global Environment Facility Governing 
Counci l meeting to support POPs focal area and 
access by aboriginal persons to GEF funding. 

• Lobbied for inclusion of contaminant issues and Inuit 
as a barometer of global environmental health at the 
UNEP GC Meeting, February 2003, Nairobi, Kenya. 

Results 
The Inuit voice was hea rd globally from Nairobi to 
Johannesburg, from Beijing to Moscow. 

Discussion and Conclusions 
ICC has worked hard over the last year to ensure that the 
Inuit voice is heard throughout the globe. We have 
continued our efforts to elimi nate the incursion of 
persistent organic pollutants (POPs) into our food chain 
and into our bodies. We have renewed our efforts on the 

S. Meakin and T. fenge 

issue of climate change. While some may characterize 
these issues as 'environmental issues,' for Inuit they are 

so much more. They go to the root of who we are and 
how we live. They profoundly affect how we walk the land 
of our ancestors. (Sheila Watt-Cloutier) 

The Inuit voice was heard - every member in every 
community should take pride in this achievement, as it 
is your voice the world is beginning to listen to, it is your 
issues the world is taking notice of, it is your knowledge 
the world so badly needs. 
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Program Management 





Public Management of 
Environmental Health Information: 

Nunavik Nutrition and Health Committee (NNHC) 

Project leaders 
Minnie Grey, Chairperson, Makivik corporation, Kuujjuaq, Nunavik; phone: 
(514) 745-8880; fax: (514) 745-8476; e-mail: mgrey@makivik.org; 
Suzanne Bruneau, coordinator; e-mail: Suzanne.Bruneau@crchul.ulaval.ca; 
Serge Dery, Director of Public Health, Nunavik Regional Board of Health and 
Social Services, Kuujjuaq, Nunavik; phone: (819) 964-2222; fax: (819) 964-
2888; e-mail: Serge_Dery@ssss.gouv.qc.ca 

Project team 
Nunavik Nutrition and Health Committee Members: Nunavik Regional Board 
of Health and Social Services (4 representatives) ; Makivik Research Centre 
(2 representatives) ; Kativik Regional Government (I representative); 
lnuulitsivik Health Centre (I representative); Public Health Research Unit 
- CHUQ Research Centre (3 representatives); Inuit Tapirisat Kanatami 
(I representative) ; Tullatavik Health Centre (I representative). 

Abstract 
The Nunavik Nutri tio n and Health Committee (originally 

named the PCB Resource Committee) was established in 
1988 to deal with issues related to food , contaminants, rhe 
environment and health in unavik. Since its inception, 

the committee has broadened its perspective to rake a more 
holistic approach to environment and health issues inclusive 

of both benefits and risks. Today, the committee acts as the 
autho rized review and advisory body for health and 

nutritio n issues in the region and includes representation 

from many of the orga nizations and agencies concerned 
with these issues, as well as those conducting research on 

them. The committee provides guidance and acts as a 
liaiso n fo r resea rchers and agencies, from both inside and 

outside the reg io n, directs work on priority issues, 
comm unicates to and educates the public on health and 

environment topics and research projects, and represents 
Nunavik interests at the national and international levels. 

M. Grey, S. Bruneau and S. Dery 

All activities are conducted with the goal ro protect and 
promote public health in Nunavik, through more informed 
personal decision-making. The committee proposes to 
continue these activities through their involvement in the 
Northern Contaminants Program during the 2002-2003 

research year. 

Key Project Messages 
I. The Nunavik Nutrition and Health Committee is the 

key regional committee for health and environment 

issues in Nunavik; 

2. The committee o riginated in 1989 and supports the 
activities of the Public Health D irector in advising 

and educating the public on food and health issues, 
including benefits and risks associated with contami

nants and country foods; 
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3. The committee continues robe active within the NCP, 
reviewing and supporting research in the region, 
liaising with researchers, and helping in the commu
nication of research results in a way that is appropriate 
and meaningful ro Nunavimmiur. 

Objectives 
I. To provide the population and health workers with 

background information to help them understand and 
contextualize env ironmental health , nutrition and 

contaminants research, objectives and results; 

2. To compi le elements of public concern that have nor 
been addressed to dare, and to steer and support 
research activities towards providing the data needed 
to address these concerns; 

3. To undertake public communications of environmental 
health data, including results of Northern Contaminants 
Research Projects, and help develop regional communi
cations and evaluations strategies for this information; 

4. To prepare stare of rhe knowledge summaries on these 
issues to assist in communicarion and inrervenrion 

activities of local health and environment officials; 

5. To facilitate research on environmental communica

tions and risk perception issues; 

6. To help researchers translate their data into meaning
ful information for the public; 

7. To support partnerships in various research and inter
vention activities related ro country foods, nutrition 
and health. 

Introduction 
In Nunavik, a group of representatives from different 
regional organizations concerned with health, the environ
ment, and nutritional issues has formed to address these 

issues, and communicate to/educate the public so that they 
may make more informed decisions on these issues. The 
group, rhe Nunavik Nutrition and Health Committee, 
evolved from the PCB Committee, created in 1989 and 
later renamed the Food, Contaminants and Health 
Committee. The name has changed over the years as the 

group has learned of the importance to not only focus on 
negative impacts of contaminants, but the need for a more 
holistic approach to nutrition, health and rhe environment 
including benefits as well. On an ongoing basis, the 
committee addresses a number of issues relating to food, 
contaminants, nutrition and health and the relationship to 

the environment. The committee is the recognized and 
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authorized body for rhe region on health and environment 

issues. 

This evolution and recognition of the NNHC places it 

in an important ro le in addressing issues related to 

conraminanrs, food, health and the environment in the 

region. The committee is therefore well positioned, and 
has the necessary capacities to support research act ivit ies 
(through review, facilitation, and communication) related 
to these issues under rhe Northern Contaminants Program 
as a regional contaminants comm ittee. 

Activities in 2001-2002 

Committee meetings 
The committee met regularly through the year with 
special meetings being held (if needed) to respond to 
immediate issues. This past year the committee held three 
general meetings in Kuujjuaq Qune and November 200 1 
and June 2002). At these meetings the committee 
addressed a number of issues. Past and current business 
was discussed, new issues were raised, and decisions were 
taken for action on many of these items. Furthermore, 

rhe committee held a special meeting in early February 
to evaluate projects submitted in 2002 to rhe NCP. 

A summary of the issues discussed and addressed at meet

ings, and activities of the committee throughout the year 
is presented below. 

Food security and sustainable development 
The committee regularly reviewed updates of the botulism 

response and rrichinellosis detection programs operated 
by Nunavik Public Health Department in partnership 
with rhe Kativik Regional Government (Hunters Support 
Program), and Makivik Research Centre (laboratory 
testing of samples), providing advice for communication 

of information and public education strategies during 
hunting seasons. 

Trichinosis 

Recent data shows that there were 11 trichinella outbreaks 
in N unavik since 1982 and that 86 Inuit were affected and 
developed health problems. As 8 out of 11 outbreaks were 
positively linked with fermented or insufficiently cooked 
walrus, prevention and monitoring are sti ll important. In 

2002, Makivik and the NNHC updated rhe in formation 
pamphlet on this issue and distributed it ro al l communities 
and local organizations. Last fall, hunters participated 
actively in the program by send ing samples for analysis . A 
total of 52 walrus samples were sent for analysis and 
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I sample came back with a positive results. Hopefully, no 
one consumed chat infected walrus. 

Botulism 

Prevention of botulism is always important for che 
committee. Since 1971, Nunavik represents nearly half of 
the Canadian cases with 62 outbreaks, 132 people affected 
and 12 deaths occurring. Almost all cases were caused by 

improper fermentation of seal, beluga and walrus. A preven
tion campaign is organ ized each fall. At this time, a Public 
Health representative does a regular radio show to remind 
people of the importance of aging food in a very cool place 
and storing it in containers (not plastic bags) which allow 
air co circulate. Furthermore, a prevention message is 

broadcast twice a week on the regional radio. 

Toxoplasmosis 

Makivik Research Centre has found chat che prevalence 
of toxoplasmosis antibodies in caribou is very low. 
Furthermore, clin ical data from both centres shows that 
coxop lasmos is infection is quite rare and chat no conver

sions were observed among pregnant women in recent 

years. If many of the elders were exposed 30 years ago, it 
seems chat teenagers are much less exposed now. However, 
since we sti ll do not know a loc about vectors and cycles 
of the disease and why it is now decreasing, it is recom
mended that the monitoring program be continued. 
Antibodies will continue to be screened at the beginning 

of pregnancy. Since che clinical information given to 
pregnant women on coxoplasmosis is not accurate, ir was 

suggested that the Clinical Prevention Committee update 

ch is information. 

Research liaising 
Add it io nally, committee members acted as liaisons 
between researchers and specific communities to gain 
the proper authorization and conduct appropriate 
consu ltat ion with community councils, health officials, 

and potential participants. Similar support is provided 
by the committee for projects funded within the region 
and conducted by various organizations on priority 
environmental health issues, including those related to 
contaminant exposure and human health. The commit

tee also prov ided support in the form of results review 
and recommendations for communicarion/disseminarion 

act ivit ies on many projects. 

In some cases, the committee also worked with researchers 
to suggest needed research projects in order to address 
ide ntified priority environmental health issues. A project 
mon itoring che effectiveness of the ban on lead shot in the 

region was implemented as a result of these efforcs. 

M. Grey, S. Bruneau and S. Dery 

Lead in Nunavik 
Since two studies have identified lead shot used for game
bird hunting as a major source of population exposure to 
lead in N unavik, chis file was particularly active. In 2001-
2002, an information campaign with the pri~ary objective 
of achieving regional consensus on completely banning the 
use oflead shoe in Nunavik was carried our. Furthermore, 

the hunters, retailers and the population were made aware 
of che problems of the high blood lead level in relation to 
the ammunition containing lead shots. For this purpose, 
various communications methods were used: local and 
regional radio, regional newspapers and newsletters and a 
phone-in radio show. Several activities to raise awareness 

were carried out: a poster on the importance of removing 
lead shoe or fragments from meat before cooking and 
eating, meetings with the Hunters Support Program and 
the Hunters and Trappers Association coordinators to 
discuss this issue, etc. Moreover, the committee collaborated 
in the development of a clinical guide chat deals with the 
investigation and follow-up of cases of elevated blood lead 
level. Finally, a student ttainee is now working on a grid co 
monitor che presence of lead shoe in N unavik scores. 

This intervention program seems to be quite successful 
in Nunavik. The public awareness campaign seems to 
have changed the practices of hunting in Nunavik. Recent 
data shows chat the average blood lead level of the 
residents of N unavik is decreasing and will probably 
continue to decrease in the future. 

Research Projects 
This year, the committee has been very active developing 
and implementing criteria for the conduce of research in the 
region. All researchers muse now send regular updates of 
their work to the NNHC and muse prove their involvement 
in the planning and realization of communication activities 
related co their project in order to gain support from the 
committee. Furthermore, all researchers are requested to 
comply with the demand that no national or international 
communications be made if the Nunavik population is not 
yet informed of che resuhs of the study. The committee 
continues co review, provide advice and encourage valuable 
projects relating to environment and health issues in the 
region, such as che Food Security and Sustainable 
Development project, the Climate Change and Health 
project, and many of those conducted under NCP. 

Communication Activities 
The committee is active in communicating information 

relating to health and nutrition issues as well as pteparing, 
reviewing and supporting communication activities of 

researchers conducting work on these issues in the region. 
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This past year, a tour of three co mmunities, set up to 

communicate research results, had to be cancelled due to 
scheduling conflicts. Nevertheless, since 2002-2003 will be 
a big year in regard of commun ication activities, committee 

members were preoccupied and involved in rhe review, and 
delivery of new research results in innovative ways. 

To increase its visib il iry in Nunavik, the committee has 
published an article explaining its philosophy and mandates 
in the Makivik News magazine. Additionally, committee 
members responded to requests to part icipate in rad io 
phone-in shows and radio, newsletter and newspaper in ter
views (e.g. NRBHSS newsletter, Makivik News, Nunatsiaq 
News) in the region on issues related to health and th e 
environment and specific community requests for in forma
tion on these issues. 

In regards to other public health issues, the committee 
was involved in the preparation and dissemination of a 
health advisory concerning mercury in the lake trout of 
Stewart Lake in Kuujjuaq. In June 2001, the Makivik 
Research Centre released information about mercury 
contamination of Stewart Lake fish species. Lake trout 
showed a level of contamination much higher than orher 
species and created a situation of concerns particularly 
among non-Inuit residents of Kuujuaq. After consul ring 
a panel of experts on the matter and considering the 

Health Canada guidelines for tolerable dail y doses 
(TOI, which means the dose of a chemical that can be 
ingested daily during one's lifetime without any harm), 

rhe following guidelines for consumption of lake trout 
coming from Stewart Lake were communicated to the 
Kuujjuamiur: I) For adults and children, it is safe to ear 
up to three meals a week, on a yearl y basis; 2) For 
pregnant women, it is safe to limit ingestion to one meal 

a week, throughout rhe pregnancy. 

Participation in workshops 
The committee members are active in attending workshops 
to promote the activities of the committee, learn of other 
regional and international initiatives and communicate the 

results of regional research projects. This year, those confer
ences and workshops included: 
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Food Security and Sustainable Development program 
review and scientifi c workshops - committee 
members provide regional "perspectives" and advice 

on projects being conducted in N unavik. 

Northern Contaminants Program - participation at 
the Annual Results Workshop. 

Northern Contaminants Science Managers Meetings 
- review of NCP priorities, feedback on proposal 

rev iew, and provide regional perspectives on NCP 
research. 

Socia l and Cultural Review Committee and Educa
tions and Com munications Review Committee meet

in gs for NCP process. 

Participation in NCP CACAR II communication 

strategies. 

NCP Human H ealth and Country Food Monitoring 
wo rkshops - presenting regional perspect ives on 
communicating about benefits and risks of country 
food consumption, as well as monitoring and research 
on country foods in Nunavik and Labrador. 

Presentation by Minnie G rey at th e International 
Soc iety fo r rhe Study of Farry Acids and Lipids 
(IASSFAL 2002) . 

Activities in 2002-2003 

Committee meetings 
Two meetings were held in Kuujjuaq Qune and December) 
and one was held via telephone conference (October 10). As 
described further, at these meetings, past and current business 
is discussed bur in 2002-2003 the committee was particularly 
active in preparing, reviewing and supporting communication 

activities of researchers cond ucting work on health and 
nutrition issues in the region. 

In 2002-2003, the committee has been very ac ti ve 
developing and implementing criteri a for rhe conduct of 
research in the region. All researchers must now send 
regular up-dares of their work to the NNHC and must 

prove their involvement in the planning and realisation 
of co mmunication activities related to th eir in order to 

ga in support by th e committee . Furthermore, all 
researchers are requested to comply with the demand that 
no national or international co mmunication 's be made if 

the N unavik population is not yet informed of the results 
of the study. T he comm ittee continues ro review, provide 
advice and encourage valuable projects relating to 
environment and health iss ues in the region. 

Below is a summary of the issues discussed and addressed 
at meetin gs, and activities of the committee. 

Regional communication tour 

From Nove mber 11 to November 14, 2002, three 
communities were visited by two researchers of the C H UL

CHUQ resea rch team: Kuujjuarapik, lnukjuak and 
Puvurnituq. The tour included the N unavik Public Healrl1 

Director, Dr. Serge Dery, the Nu navik N utrition and 
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Health Committee chairperson and coordinator, Minnie 
Grey and Suzanne Bruneau; one representative for ITK, 

Soha Kneen; and two research assistants from G ina 
Muckle's team, Carole Vezina and Jocelyne Gagnon. 

, 
This regional communication tour has mobilized the com
mittee's activities during the fall of 2002. After Dr. Muckle 

presented her results of studies on neurodevelopment impacts 
in infants related to contaminants exposure both before and 
during early school years to the N unavik N utrition and 
Health Committee, a work of simplification and adaptation 
was carried out co make sure chat che data presented ro the 
population of the three communities was appropriate and 

understandable. In order co have an integrated approach, it 
was decided chat Gina's presentation would be combined 

with presentations of: 

The NNHC role, mandates and activities (Minnie 

Grey); 

The sources and pathways of food chain contamina
tion in Nunavik (Dr. Eric Dewailly); 

Public health recommendations linked with study 

results (Dr. Serge D ery). 

During the tour, communication activities included meetings 
with community councils, CLSC staff, and participants of 

Dr. Muckle's study, and a radio phone-in show. Afterwards, 
a report summarizing the trip activities was prepared. The 

document includes: 

discussions raking place during meetings, and 

concerns, issues and questions raised by partners, 

study participants and the general public in each com

munity. 

Input/questions/concerns raised in communities will be 
util ized co adapt current and future communication 
materials on che subject. All materials initially developed 
and delivered in communities wi ll thus be a form of a 
"draft" and final materials distributed among the public 

will be sent afterwards and will incorporate these 

comments and concerns. 

NCP - CACAR II 
Communication activities related co wrapping up all data 

gathered in che last years by the Northern Contaminants 
Program were also elaborated. Two members of the 
NNHC partic ipated in the NCP meeting, where a 
communication strategy framework was being developed . 
In co llaboration with JTK's research department, key 

messages were then shaped and transformed into Public 
Service Announcements (PSAs). The PSAs are now 
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available on com pact disc and will soon be broadcast 
on all comm unity local radios. In che co ntinuum of 
communicating results of the CACAR II report, other 
activities will be elaborated and further disseminated to 
the Nunavik population. 

Communication activities 
The committee has collaborated on three articles published 
in the Makivik News. The first one, entitled: "Food Choices 
in Nunavik", was prepared by Susie Bernier of the Public 
Health Research Unit and was published in the summer of 
2002. Michael Kwan, toxicologist at Makivik Research 

Centre and member of che NNHC, prepared two articles 
on the benefits of country foods vs. contaminants which 
were published in the fall of 2002. Additionally, committee 

members responded co requests co participate in radio 
phone-in shows and radio, newsletter and newspaper inter
views (e.g. NRBHSS newsletter, Makivik News, Nunatsiaq 
News) in the region on issues related co health and che 
environment and specific community requests for informa

tion on these issues. 

Trichinellosis 

The NRBHSS Public Health Department, Makivik and 
the NNHC updated the information pamphlet on this 
issue and distributed it co all communities and local 
organizations. Last fall, hunters participated actively in 
the program by sending samples for analysis. 

Botulism 

A prevention campaign is organized each fall. At this time, 
a Public Health representative does a regular radio show 
co remind people of the importance of aging food in a 
very cool place and scoring it in containers (not plastic 
bags) which allow air co circulate properly. Furthermore, 
a prevention message is broadcast twice a week on the 

regional radio . 

A ceport entitled "Clostridium botulinum in the Arctic 
Environment" was submitted to the committee recently 
by Dr. Daniel Leclair of Makivik. The objective of this 
study was co determine the distribution and contamina
tion levels of Clostridium botulinum in the coastline 
environment on which seals are commonly butchered. 
These results suggest that the environment could play a 
significant role in the epidemiology of the disease. Two 
other ceports are presently in preparation and concern the 
contamination routes and growth factors of C. botulinum 
in seal meat, and the molecular sub-typing of environ

mental and food isolates. 
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Toxoplasmosis 

The NNHC supported the decision of maintaining the 
Screening Program of antibodies in pregnant women. Since 
then, the Clinical Prevention Committee updated the 
clinical information ro be given ro pregnant women. 

Participation in workshops 
The committee members are active in attending workshops 
ro promote the activities of the committee, learn of other 
regionaJ and international initiatives and communicate the 

results of regional research projects. 

This year, those conferences and workshops included: 

Northern Contaminants Science Managers Meetings 
- review of NCP priorities, feedback on proposal 
review, and providing regional perspectives on NCP 

research. 

Social and Cultural Review Committee and Educa
tions and Communications Review Committee meet

ings for NCP process. 

Participation in NCP CACAR II communicat ion 

strategies. 

The Same-Quebec Inuit Health Survey consulrarion 

meetings. 

Participation in the orientation committee of the 2004 
Inuit Health Survey. 

The NAHO firsr annual Conference and Healrh Fair: 
"Health, ger with ir". 

Research Projects 
This year, the Committee has presented a research project 
that has rhe general objective of evaluating a risk reduc
tion program for pregnant women exposed ro food chain 
contaminants in N unavik. This program is promoting the 
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consumption of Arct ic char among pregnanr women 
living in three selected commun ities in Nunavik, and is 
evaluating to what extent pregnant women participate in 

rhe program and how efficienr rhe program is in reducing 
contaminant intake (especially mercury) whi le maintain
ing or improving nutr itiona l status during pregnancy. 
Results of this project wi ll help regional public health 
authorities co assess and imp lement risk management 

acrions including, but not lim ited ro this one in Nunavik 

communities . 

Conclusions 
The Nunavik Nutrition and Healrh Commirree is an acrive 
body supporting and enhancing the region 's research and 
decision-making capacity relared ro environmental health 
issues including exposure to environmental contaminants. 

This is done through a variety of activiries in which they 

represent the interests ofNunavik residents. Through these 
activities, they cooperatively manage and disseminate 
information ro the public to support informed decision 
making on issues of health and nutri tion. 

Expected Completion Date 
This is an ongoing project, as the committee is active on 
these issues in the region annually. 
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Northwest Territories 
Environmental Contaminants Committee 

(NWT ECC) 

Abstract 

Project leader 
Indian and Northern Affairs Canada, Chair, Northwest Territories 
Environmental Contaminants Committee (NWT ECC). Contaminants 
Division, Indian and Northern Affairs Canada, P.O. Box 1500, 
Yellowknife, NT XlA 2R3; phone: (867) 669-2699; fax: (867) 669-2833; 
e-mail: wardju@inac-ainc.gc.ca 

Project team 
Members of the NWT ECC, including representatives from: Dene Nation 
(Vice-Chair); Inuit Tapiriit Kanatami; lnuvialuit Regional Corporation/ 
lnuvialuit Game Council; Gwich'in Tribal Council; Sahtu Dene Council; 
Deh Cho First Nations; Dogrib Treaty 11 Council; Akaitcho Territory 
Government; North Slave Melis Alliance; Northwest Territory Melis Nation; 
Indian and Northern Affairs Canada (Chair); Environment Canada; 
Fisheries and Oceans Canada; Government of the Northwest Territories 
(GNWT) Resources, Wildlife and Economic Development; GNWT Health & 
Social Services; and Aurora Research Institute. 

Key Project Messages 
The Northwest Territories Environmental Contaminants 
Comm ittee (NWT ECC) membership is composed of 
representatives from various departments of the federal and 
territorial governments as well as national and regional 
Abor iginal partners. The Committee meets regularly 
throughout rhe year to faci litate scientific study and assess
ments as well as the communication of information to 

northerners on the presence and possible effects of 
contam inants in the environment. The NWT ECC also 
faci li tates the co nununicarion of northern priorities ro 

researchers. The NWT ECC met nine rimes in 2002-2003, 
with a focus in the later part of rhe year on discussing and 
implementing methods for communicating the second 
Canadia n Arctic Contaminants Assessment Report. 

1. The Northwest Territories Environmental Contami
nants Committee (NWT ECC) enabled 16 different 
Aboriginal and government organizations in the NWT 
to coordinate their activities related co contaminants. 

Indian and Northern Affairs Canada 

2. The NWT ECC provided a forum for discussion and 
two-way transfer of contaminants-related information 
among northerners of the Northwest Territories 
(NWD, researchers and programs such as the Northern 
Contaminants Program (NCP) . 
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Objectives 
I. To facilitate the efforrs ro address concerns arising 

from environmenta l contaminants in the NWT. 

2. To provide a forum for the two-way transfer of 
contaminants information between Northwest 

Terrirories (NWT) northerners, researchers, the 
Northern Contaminants Program (NCP) and other 
contaminants-related programs. 

3. To establish a communications network that ensures 
northerners are informed and involved in contaminants
related activities. 

4. To identify priorities and information gaps related ro 
environmental contaminants research in the NWT. 

5. To act as a centra l repository for environmenta l 
contaminants information . 

6. To provide advice on appropriate funding sources. 

7. To review Local Contaminants Concerns proposals 
throughout the year. 

8. To review NWT proposals for the NCP prior ro full 
technical reviews (not applicable in 2002/2003). 

Introduction 
The NCP is now in the last year of the second phase with 
more than 11 years of research ro date. T he program has 
evolved ro include NWT communities and regions exten
sively in research and communication efforts. This has 
increased the need to have a centra l body that can 
coordinate contaminants information and research 

initiatives. This group has an elected Chair and Vice
Chair ro organize meetings, act ivities and distribute 
information, with the Chair location this year at the 
Contaminants Division, Indian and Northern Affairs 
Canada in Yellowknife. The Vice-Chair is Dene Nation. 
This year the Chair and Vice-Chair rook on roles of 
Co-Chairs, and with each organization altern ating the 
chairing of comm ittee meetings. The Northwest 
Territor ies Environmental Contaminants Com mittee 

(NWT ECC) provides an opportunity for researchers and 
communities to provide input into contaminants activities 

and ro express their concerns . 

Membership is composed of representatives from various 
departments of the federal and terrirorial governments as 
well as national and regional Aboriginal partners, making 
it particularly suitable for addressing NWT research 
priorities and information gaps. 
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Activities 

In 2001-2002 
The NWT ECC met eight times ro di scuss various 
contaminants-related issues (Table I). Frequent roundtable 
discussions and updates helped to keep contaminants 
workers in gover nm ents and regional and territorial 

Aboriginal organizations informed of study results, current 
activities, upcoming proposals or work and conferences. In 

addition, ro provide an opportunity for committee 
members to become better informed of recent study results, 
the NWT ECC sent representatives to the annual NCP 
results workshop in Calgary, Alberta, in September 200 I. 

The NWT ECC held a two day in-pe rson meeting in 
February 2002 to review the NCP proposals of immedi
ate relevance to the NWT. Prior to the proposal review, 
the monitoring, health and communica tion blueprints 
were reviewed by the committee. Throughout the year 
the comm ittee also co nsidered Loca l Co ntaminants 
Conce rns proposals from communiti es and approved six 
for funding . 

Activities 

In 2002- 2003 
The NWT ECC met nine tim es to discuss var ious 
con taminants-related issues (Table I). Frequent roundtable 
discussions and updates helped to keep contaminants 
wo rkers in governments and regional and territorial 
Aboriginal organizations informed of study results, cu rrent 
activities, upcoming proposals or work and conferences. 
Throughout the year, the committee also evaluated Local 
Contaminants Concerns proposals from communities and 
approved several for funding. 

The NWT ECC held a two day in -person meeting in 
November 2002 to discuss communications strategies and 
action plans for the release of CACAR2. Discussions 
included the use of focus groups for key message testing 
for CACAR2, commun ica tions materials including fact 
sheers, newspaper inserts, public se rvice announcements, 

and the NWT ECC news lette r. Action plans were 
developed for various communications approaches. In 
addi tion , ro provide an opportunity for committee 
members ro beco me better informed of recent stud y 
res ults, the NWT ECC sent several representatives ro the 
NCP Symposium held March 4-7, 2003 in Ottawa, 
during which the second Canad ian Arctic Contaminants 
Assessment Report was released and discussed. 
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Table 1. Meetings held by the NWT ECC during 2001-2002 fiscal year 
NWT ECC Meeting# Date 

24 Apri l 19, 2001 

25 May 17, 2001 

26 June 28, 2001 

27 August 28, 2001 

28 October 1, 2001 

29 November 15, 2001 

30 Februa ry 4 & 5, 2002 

31 March 26, 2002 

Results 
In rhe 200 1-2002 year, rhe NWT ECC provided derailed 
review and recommendations on 28 NCP research proposals 
pertaining ro the NWT. These recommendations promoted 
research that is relevant and socio-culturally appropriate to 
northerners. The NWT ECC also provided funding for 
several smaller projects through the Local Contaminants 
Concerns Fund: 

• Contaminants sampling of fish in the Tukroyakruk 
harbour; 

• Arsen ic in medicinal plants in the Yellowknife region; 

• Contaminants sampl ing of beaver and muskrat in the 
Gwich ' in Settl ement Area; 

Indian and Northern Affairs Canada 

Key Agenda Items 

Review of NWT ECC Terms of Reference 
Chair and Vice-chair nominations 
Update on approved project proposals 
Roundtable discussions 

Local Contaminants Concerns and proposal review and update 
CACAR2 Highlights development 
Roundtable discussions 

Greenhouse Gas Strategy presentation (Jim Sparling) 
Review of Education and Communications Blueprint meeting 
Roundtable discussions 

Update on Results Workshop in Calgary (Sept. 25-27, 2001) 
Local Contaminants Concerns - proposal review 
Status update - Health Advisory Working Committee 
Roundtable discussions 

Local Contaminants Concerns - proposal review 
Review of Results Workshop by members in attendance 
Participation in the NWT ECC 
Roundtable discussions 

NCP Call for Proposals update 
Health Advisory Working Committee update 
November 2002 Symposium update 
NCP proposal review meeting 
Roundtable discussions 

In-person review of NCP proposals 
Review of Local Contaminants Concerns proposals 
Updates on Local Contaminants Concerns proJects 
Roundtable discussions 

Review of Action items 
Election of Chair and Vice-chair for 2002-03 
Update on Local Contaminants Concerns projects 
Summary of approved NCP projects for 2002-03 
Next steps for NWT ECC newsletter 
Roundtable discussions 

• Contaminants sampling of soil and groundwater near 
the Jean-Marie River; 

• Contaminant levels in the Bluenose-East caribou 
population; and 

• Contaminants sampling of the West Channel at West 
Point First Nation. 

The committee has been working on developing a number 
of information items including Contaminants Fact Sheers 
and an NWT ECC newsletter. These are still currently 
being reviewed by the committee. Minutes were produced 
ro summarize the discussions, activities and decisions of 

the committee from each meeting. These are available from 
DIANO Contaminants Division in Yellowknife. 
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Table 2. Meetings held by the NWT ECC during 2002-2003 fiscal year 
NWT ECC Meeting# Date 

32 May 7, 2002 

33 June 13, 2002 

34 July 25, 2002 

35 September 5, 2002 

36 October 25, 2002 

37 November 21-22, 2002 

38 January 15, 2003 

39 February 20, 2003 

40 March 31, 2003 

In the 2002-2003 year, the NWT ECC provided funding 
for small projects through the Local Contami nants 
Concerns Fund. These projects were: 

• Contaminants sampling at the lnuvik Landfill (lnuvialuic 
Regional Corporation); 

• Sampling for DDT in a pond near Colville Lake 
(Sahcu Dene Council); and 

• Inventory of contaminated sires (Ft Smith Mecis 
Council). 

456 

Key Agenda Items 

Honoring Francis Blackduck 
Update on newsletter and website 
Letter to GNWT Health re, elimination of contaminants position 
Annual review of NWT ECG Terms of Reference 
Roundtable discussions 

Update on Melis representation 
Update from GNWT Health & Social Services - Andre Corriveau 
Update on CACAR2 key messages and newsletter/website 
Roundtable discussions 

Local Contaminants Concerns proposal review 
Update from NCP Management Committee meeting 
Update on CACAR2 key message testing 
Roundtable discussions 

Update on Regional Contaminants Coordinator positions 
Update on CACAR2 
Update on newsletter and fact sheets 
Roundtable Discussions 

Mirror Lake data - Next steps 
Update on CACAR2 and AMAP symposium 
Update on newsletter and fact sheets 
Roundtable discussions 

Regional Contaminants Coordinator positions and training 
Status of Dene Nation/RWED monitoring project 
Communications/Focus groups for CACAR2 
Key message testing for CACAR2 
Taiga lab training program (Guest, Shane Harnish , Taiga lab) 
Summary of AMAP key results 

Regional Contaminants Coordinator positions and training 
Update on newsletter, fact sheets and newspaper insert/PSAs 
Updates on Local Contaminants Concerns projects 
Roundtable discussions 

Review of Local Contaminants Concerns proposals 
Updates from Regional Contaminants Coordinators 
Update on Dogrib and Akaitcho tours 
Discussion on mercury 
Roundtable discussions 

Report on NCP CACAR2 symposium 
Next steps for the NWT ECG 
Updates on Local Contaminants Concerns projects 
Roundtable discussions 

The committee worked on the development of several 
information items including Contami nants Fact Sheets, 
an NWT ECC newsletter and a newspaper inse rt co 
promote the release of CACAR2. They played an 
important role in reviewing these materials. 

Minutes were produced to summarize the discuss ion s, 
activities and decisions of the committee from each 
meeting. These are available from DIAND Contaminants 
Division in Yellowknife. 
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Discussion and Conclusions 
The NWT ECC enabled 16 different Aboriginal and 
government organizations co coordinate their activities 

related to contaminants. Based on feedback from the 

o rga ni zations invo lved, the NWT ECC appears to have 
served well as a two-way communications conduit from 
community members co national and international 

progra ms. It co ntinues to prove itself an effective and 
inclusive fo ru m fo r disc uss in g contaminants-related 

concerns and fo r providing northern input directly into 

the NCP. 

Indian and Northern Affairs Canada 

Expected Completion Date 
The NWT ECC will continue to meet despite uncertainty 
of future CP funding, however the role and terms of 
reference for the committee may evolve based on funding 

decisions. 
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Yukon Contaminants 
Committee Communications 

Project leader 
Patrick Roach, Contaminants/Waste Programs, Renewable Resources , 
Indian & Northern Affairs, Whitehorse, Yukon. 

Project team 
Yukon Contaminants Committee. 

Abstract 
The Yukon Contaminants Committee (YCC) was established 
in 1992 and continues to coordinate research projects 
operated under the Northern Contaminants Program. It 
responds to inquiries by individuals, communities, research 
scientists, and others with an interest in the NCP or other 
environmental issues in the Yukon. The YCC consists of 
representatives from government, the Council ofYukon First 
Nations, individual First Nations, non-governmental 
organizations, Yukon College, and private industry. 
Membership has always been "open" and the active members 
vary over time, with a core group that has been involved 
since the inception of the Committee. The YCC reviews 
project submissions under the NCP, for scientific and socio
cultural relevance to Yukon communities. It then makes 
recommendations to the NCP Managers, on the suitability 
of these project proposals. The Committee often takes a 
leadership role in communicating the results of research 
through directed publications, the provision of guest 
speakers, representation at professional wo rkshops and 
conferences, and in the development of materials for use in 
education. This year the Committee hosted an open house 
workshop in Whitehorse to communicate the results of the 
last five years of Yukon NCP research. In this role the YCC 
provides a link between the scientific community and the 
Yukon public. The Committee continues to grow with the 
NCP and remains a diverse and active organization 111 

rhe North. 
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Key Project Message 
The Yukon Contaminants Committee has been active 
since 1992, provides representation for all stakeholders 
to the NCP, direction for research profess ionals, and a 
Yukon perspective at the NCP Manager's meetings. 

Objectives 
Ensure that the scientific research conducted in the Yukon 
under the Northern Contaminants Program (NC P) meets 
the needs of the Yukon, while respecting the socio-cultural 
needs of its people. 

Introduction 
The establishment of the YCC came about in 1992, as a 
development of the committee studying the Lake Laberge 
roxaphene issue. It was created to provide the Yukon with 
an organization to review research projects planned for the 
Yukon, or which would effect the Yukon public. The 
Committee is composed of a d iverse group of stakeholder 
representatives, who provide perspective from across the 
Yukon cultural and political landscape. While the principle 
role for the YCC is fo r project review, it has also taken a 
leadership role in communications designed ro educate rhe 
Yukon public. It also provides an avenue for the public to 

express concerns regarding contaminants in rhe North. 
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Activities 

In 2001-2002 
The YCC continued to review project proposals for che 

2002-2003 program year. Commiccee members travelled 

to che Manager's meetings, che NCP Workshop, and 

contrib uted to CACAR II , AMAP II, and che Education 

and Comm unications strategic planning for the final year 
ofNCP II. 

The Commiccee has begun che update and production of 

che original Contaminants Face Sheets, and was busy in 

planning directed communications strategies for che 

2002-2003 operating year. An open-house Workshop was 

held co communicate che results of che work-to-dace in 

the Yukon, under che NCP, on metal contaminants in 

country foods. 

Metal contamination in Yukon traditional foods 
This workshop addressed che work, conducted to-dace, in 

examining metal contaminants in the country foods of che 

Yukon and across che North (see Table I). While che 

intention was to highlight che research conducted in che 

Yukon, the research results from ocher areas of che North 

was covered co provide a comparison. The healch aspects 

of metals in food, where we are today and where research 
needs co go, were covered. The Grand Chief of che Council 

of Yukon First Nations offered his insight into che Yukon 

Contaminants Committee, the NCP, and whece the future 

should cake research in the Yukon. A poster session 

provided a review of specific work conducted in the Yukon, 

with respect co metal contamination in foods. 

Table 1. Metal contamination in Yukon traditional foods, Workshop agenda, March 16, 2001 

9:45-10:00 Coffee/tea Meet & Greet 

10:00-10:05 

10:05-10:20 

10:20-10:40 

I 0:40-11 :00 

ll :00-11:10 

ll :10-11:30 

11:30-11:50 

11 :50-11:55 

12:00-1:00 

1:00-1:50 

Welcome 

History of Yukon Contaminants Committee 

First Nation Perspective on the NCP 

Break 

Overview of the work of Yukon Inter Tribal Watershed Council 

Overview of the Northern Contaminants Program 

Terrestrial Contamination 

Q&A 

Lunch break 

Mercury Trends in Northern Fish 

1:50-2:00 Q & A 

2:00-2: I 5 Break 

2:15-2:35 

2:35-2:40 

2:40-3:00 

3:00-3:05 

Methyl mercury Risk Assessment in Health Canada 

Q&A 

Metal Contaminants in the North 
The Big Picture 

Q&A 

Poster session open all day 

P. Roach 

Pat Roach, Chair 
Yukon Contaminants Committee 

Mark Palmer, Manager 
Environmental Services 
Public Works -Western Canada Region 

Ed Schultz, Grand Chief 
Council of Yukon First Nations 

Vanita Sahni , Research Intern 
Yukon Inter Tribal Watershed Council 

Sarah Kalhok, Environmental Scientist 
Northern Contaminants Program, DIANO 

Mary Gamm berg 
Gamberg Consulting 

Dr. Lyle Lockhart , Former Head 
Contaminants Research Section, 
Freshwater Institute, DFO 

Dr. Mark Feeley 
Bureau of Chemical Safety 
Health Canada 

Dr. Colin MacDonald 
Northern Environmental Consulting 
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Results 

Welcome and introduction - Pat Roach 
Par Roach, Chair of the Yukon Contam inants Committee, 
welcomed everyone to the wo rkshop . The workshop 
summarizes and communicates what has been found in 
terms of metals in traditional foods in the Yukon in the 
last 10 years, i.e. what is there, how much is there and 
what is and is not an issue. Mr. Roach thanked all 

presenters for attending. 

History of Yukon Contaminants Committee -
Mark Palmer 
The past Chair of the Yukon Concaminancs Committee 
from about 1992 until 2000 was Mark Palmer. Mr. Palmer 
is now with Public Works and Government Services in 
Edmonton, involved in the environmental field. 

• A lot of people have come up to the Yukon and talked 
about the history of the Yukon Contaminants 
Committee in the past. 

To put a perspective on it, Mr. Palmer has been here 
since the beginning, and a !or of people in attendance 
today have, as well. 

Back at the beginning, the history is chat around 1989 
or 1991, Environment Canada did a routine survey 
of Lake Laberge, not expecting to find anything at all. 
Environment Canada issued an advisory in 1991, 
saying, "Don't eat the fish in Lake Laberge, because 

there are PCBs in chem." 

• A few months later, they stated, "We' re wrong, sorry 
about that. You can eat the fish again." 

• A while lacer, they said, "Don't eat chose fish. T here 
are toxins in chem now." So, it got really messy in 

1991/1992. 

At the same time, a larger program, the Arctic 
Environmental Strategy, came out, which started 
throwing money into the program and sampling 
everything chey could possibly sample, spec ifically 
fish in Lake Laberge . 

They cook samples from an upstream, headwater lake, 
Adin Lake, ro show chat it was a small , isolated 
problem in Lake Laberge, from the Whitehorse dump, 
which should go away. 

• Adin Lake, which has no industry on it, was sampled, 
and an advisory issued for toxic problems. 
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The Lake Laberge Advisory Committee was fo rmed, 
composed of 25-30 people, including representation 

from Healch Canada and D IANO, with no fundin g 
to support it. The committee was too bureaucratic 
and was not go ing anywhere. 

Mark Palmer showed up on the scene in February of 

1992, being brought over from Yellowknife where he was 
working on contaminant studies on the Slave River. 

The Lake Laberge Advisory Committee was replaced 
by a small , nine-person co re group of government to 

government people. This group worked together to 
try and solve the Yukon contaminants problem. The 

seco nd goal was to support th e larger Northern 
Contaminants Program (NC P) and support any 
initiatives going on. There were no capabi lities in their 
back ya rd , so th ey worked with resea rchers and 
consultants across rhe co untry and provided a link to 
the north. 

It was a partnership all the way through with CYFN, 
DIANO, YCS, Environment Ca nada and YTG, 
Health to wo rk through che problems. 

The immediate goal was to resto re faith in th e fish in 

the Yukon. 

They went on a mad sampling sp ree, sam pling eve ry 
lake and ranking them on importance and on usage, 

putting confidence back in by proving to Yukoners it 
was okay to eat fish. 

They also reli ed on help from outside researchers to 

try and figure out why Lake Laberge and Adin Lakes 
were high, where the stuff was coming from and what 
they could do about it. 

Mary Gamberg came along and raised the issue of 
terrestrial mammals and cadmium in the Finlayson 
caribou herd. 

This started another huge parallel process trying to 

figure out what the levels are in all cerrescrial species 
with berries and planes and getting confidence back. 

The beginning of th e program was ve ry heavy o n 
sampling, fo llowed by communications. 

After a lot of data was co llected , they got a handle on 
the fact chat the Yukon is probably th e cleanes t place 
in th e wo rld , and they started putting their efforts 
into heavy co mmunicac ion , i. e. they we nt from 

80 percent science and 20 percent communication to 
80 percent communication and 20 percent science. 

Communication included a whole host of workshops, 
T.V., media and other means of getting the informa

tion out, road trips to every communi ty. The whole 
committee volunteered. 
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CYFN were key in providing cooperation and support. 

T hey supported the NCP, with representation ro the 
larger group, and worked as a united front. 

T here are sti ll a couple of issues to talk about, 1.e. 
metals and mercury. 

The last message when Mark left the Yukon was that 
thin gs are pretty good up here, keep eating the food and 
just watch it. 

First Nation perspective on the Northern 
Contaminants Program - Grand Chief Ed Schultz 
Chair Pat Roach noted that one of the key components ro 
the success of the Yukon Contaminants Committee has been 

the support and direction of the Council of Yukon First 
Nations (CYFN), particularly in the area of the types of 
traditional foods and the regions of importance ro look at 
first, and in designing effective communication strategies. 

Grand Ch ief Ed Schultz thanked the organizers and 
atte ndees fo r raking their Saturday morning ro learn 
about this importa nt ropic. 

In the days Mark Palmer was referring ro, the First 
Nations were represented by the Council for Yukon 
Indians (CYI). 

Importance of the orthern Contaminants Program 
for the First ations - CYFN has been involved 

from re latively the beginning and brought their 
network ro each and every community of the Yukon 
ro the committee, particularly the end users of a lot 
of natural resources for fish and wildlife species. 

The Council prov ided linkages ro hunters, trappers 
and fishers, who had some very long-term observa
t ions on the land, as well as the species that they were 

uti lizing and the subsranrive changes they were seeing 
in them . Some coin this under the terminology of the 
day as "traditional knowledge" or a component of it 
where aboriginal people, through their observations, 

can bring information ro a scientific or academic-type 
level of activity so that it can then be integrated or be 
part of the overall analysis of a particular issue. 

At the time, the First ations were relatively inexpe
rienced and not very knowledgeable about a lot of the 
scient ific information that was being provided, i.e. 
termino logy or basic understanding at a technical level 

or in relat io n ro ri sk associated with human hea lth. 

The program has a legacy of having a direct benefit 
ro roday in the sense that First Nations in large 
numbers were able ro gain more insight and under
stand ing inro issues like heavy metals and persistent 
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organic pollutants and what their possible effects 
might be, linkages and patterns within the food 
chain and poss ible associated risks. 

This legacy is very importanr particularly roday when 
First Nations are moving inro a system of self govern
ment where they are being directly involved in 
developing and designing independenr programs and 
services for the environment or co-managing things 
with other governments. 

• The practical experience was beneficial, for example, 
advisories issued on Lake Laberge regarding lowering 
of consumption of livers from burbor. 

• As soon as one hears "contaminant" or "risk", a panic 

button causes everybody ro srop eating traditional 
foods, and people are reluctanr ro even eat the Aesh 
of the fish. 

• The Northern Conraminants Program expanded the 
First Nations' knowledge, understanding and network 
of orher processes and other institutions associated 
with contamination. 

Partnerships with other indigenous peoples, such as 
the Dene and the Metis, were developed through the 

program; and through the support of the Northern 
Arctic Environmental Strategy, by extension, a centre 
was created at McGill University, called "Nutrition 
and the Environment of Indigenous People". This 
centre was geared ro take some of the test results 
derived from Northern Contaminants and other 
submissions elsewhere and get a fix on what the real 

meaning of the data is. 

There are chains of information, i.e. the people in the 
field collecting samples. Lab work is expensive. 

Test results did not extrapolate into tangible information 
for leaders of communities. They could pass numbers 
on, but they did not mean anything until there was a 
connection with the Health Branch people who had an 

understanding as ro what levels might pose a risk ro 
human health. 

• With people panicking, it was important to ensure that 
they did not stop living in the way they always had. 

A lot of time had to be spent with the Northern 
Contaminants Program on assimilating information 

in a way that is understandable by their people and 
pertinent to their day-to-day lives. 

CYFN worked at length with a lot of government 

departments. 
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McGill commissioned a traditional foods study in the 
Yukon and other northern communities on such issues 

as daily intakes. 

The centre also looked at the nutritional value of 
foods and che implications of quickly removing First 
Nations from having access to traditional foods. 

The nutritional content of che types of fish , ungulates 
and small wildlife chat First Nations eat was looked at. 

Science substantiated what was always believed to be 

true, i.e. a good portion of the northern community 
peoples' dietary nutritional intake comes from their 
traditional foods . 

The study also looked at people who weren't consuming 
traditional foods but more western foods; and the findings 
suggested chat for people who were not utilizing their own 
traditional foods but who had moved to a western-based 

diet, it had a more decrimencal effect than if they had been 
eating western food all along. One's body tends co be more 

receptive to what you're used to. 

They were very concerned when they realized the 
worries and fears about kidneys of ungulates and livers 
of fish, and they spent a great deal of time getting 
people to understand the level of risk that they were 

being advised about. 

They did not wane to have a bigger problem on their 
hands with a major shift in the diets of people to 

western-based foods. 

Fact sheets were produced, television and radio ads, 
workshops, visits ro communities to gee people ro 
realize the type of contaminant and the correlation to 

the risk, e.g. the risk of smoking far exceeds any 
plausible risk of what is contemplated in some of the 
levels of intake in use of traditional foods. 

People needed to gee a better understanding of the 
whole issue, because the media had sensationalized it 

far beyond what is necessary. 

Politicians may have misrepresented information for 
shore-term political gain, and it was important to 

focus on the realities. 

• A large First Nacion summit was held at Lake Laberge. 
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Participants from every community came in and spent 
a week with scientists and academics in the field, and 
many First Nations for the first time were directly 

exposed to an understanding of the whole issue. 

Some participants indicated it was the best workshop 

or conference they had ever attended, in chat they got 
information out of it that they could apply directly in 

their commun iti es . The Northern Contaminants 
Program has provided chat invaluable legacy for this 
region. To be able to have First Nacio n people 
understand that level of information will be very 
beneficial in the future to everyone. 

There was also an understanding in discussions with the 
academics and scientists chat some of the information 

that First Nations were filtering through che system was 
not necessarily being heeded at all times. In many cases 
chat information was just being disregarded. 

The scientists and academics scarred to realize the value 
of information chat the elders had to share, e.g. the Aow 

of water in a certain area 50-60 years ago was quite a 
lot more significant on a more seasonal and annual basis 

than it is now, or the quality of the water has changed, 
or the number of species of certain wi ldlife in a certain 
range are not there, or che size of the animals has 
changed, or, in the process of field-dressing their game, 
they have seen certain abrasio ns or items within the 

species chat were not there in the past. 

There was an attempt to feed this knowledge into che 
western scientific system chat dictates chat everything 
they do has to conta in substantive, tangible data chat 

they understand. 

CYFN has been advocating greater integration, i.e. 
that any people who derive their lifestyle and living 
out on the land are going to have keener observations 
on a day-to-day basis than a scientist or technician in 

the long term. 

The scientist or technician who is on the land for a 
week will pick up some raw, hard data, which can be 
utilized to show spatial and temporal trends. 

Scientists may be looking at an accumulative effect of 
certain contaminants or heavy metals over a longer 
haul by utilizing a small window of five- or ten-year

old data. An attempt should be made to cry and 
capture as much traditional information or observa
tions of people who have been in the area for a long 
time in order to arrive at a conclusion or final analysis 
as to where these things are accumulating from and/or 

the level or degree of increase. 

• Ac che beginning, there was not chat much acceptance 
of chat process, but chat's changed. 

Through the Northern Contaminants Program, there 
has been involvement in some of the internatio nal 
discussions and issues like biological diversity and 

global climate change. 
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Indigenous partnershi ps have expanded to the Russian 
Association of Indigenous Peoples, Sarni Councils in 
Scandinavian countries, and work has been done in 
the internaiional arena looking at fundamental 
questions that are big problems for the world today. 

Canada is now one of the countries that supports the 
position of integrating traditional knowledge into the 
scientifi c information and actively encouraging the 
scientific communiry globally to not only solicit that 
information but to find the mechanism to process it 
and be included in the final analysis. 

Although there is an acceptance that traditional knowl
edge will be integrated today and there is no more debate 
about whether it should be, it is sti ll being debated as to 
what it is ultimately and how it fits in. 

There is a recognition by many people, particularly 
in the medical sciences, that traditional knowledge 
has always lent itself to western products, such as 
aspirin. Medicines that are rypically used on a day-to
day basis by the entire world were initially found with 
cooperation of the indigenous peoples, analyzing their 
tradi tional knowledge and trying to find what benefits 
there are. 

The traditional knowledge is useful, not only in the 
pure scientific and technical arenas of global climate 
managemenr/environmenta1 management; but also, 

the traditional knowledge and experience associated 
with a lifestyle. 

With agencies li ke the Fish and Wildlife Management 
Board, it's not so much trying to manage the fish and 
wildlife as trying to manage the people who access it, 
i. e. to ensure they are more in sync with the environ

ment at a more sustainable level to have the enjoyment 
and use of the land but not to the degree that it's to 
the detriment of First Nation people in the long haul. 
The First Nations are advocating that this be done by 
people on a global context, thanks to the Northern 
Contaminants Program. 

Presently Grand Chief Shultz is the International Chair 
of the Northern Athabasca Council, which was formed 
three years ago, representing nearly 60 communities of 
indigenous peoples in Alaska, the Northwest Territories 
and the Yukon, doing work with some of the U.N. 
forums and the Arctic Council Forum particularly on 
environmental issues. The Council is an avant garde 
group of people, working with other indigenous partners 
to get all sociery to understand that the indigenous 
perspective is something that the rest of the world should 

pay heed to . 
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• The results of western philosophies and world views 
have not in all cases served the people well. Otherwise, 
we wouldn't be having problems with such things as 
glo bal warm ing, species becoming extinct and 
polarized imbalances in sociery. 

Increasingly politicians, as well as scient ists and 
academics, are saying, "Yes, we do need to start look
ing at how we can sustain ourselves better as the 
human race." 

Indigenous people globally seem to have common 
denominators in their societies which allow them to 
be more in sync and balanced with the environment 
and their surroundings, which have sustained them 
to today regardless of the external inAuences that have 
negatively impacted them. 

• The Northern Contaminants Program still has 
tangible benefits for First Nations today in continuing 
to be involved in identifying and priorizing data 
collection and analysis. 

The long-term legacy goes much beyond the Yukon 
to the global communities. 

Grand Chief Shultz' abiliry to stand up in a room with 
ministers and leaders from eight countries, with scientific 
and academic leaders throughout the world asking for 
his opin ion , is the achievement of the Northern 
Contaminants Program from its beginning. The Grand 
Chief has been proud that he and his organization have 
been involved with the program and what has been 
achieved and want to continue to be involved with it. 
He expressed gratitude to people in the room, 
particularly Mark Palmer, who was patient with him 
and helped guide him to a better understanding and 
fulfilled his fiduciary job on behalf of the Crown 
exceptionally well. 

Yukon Inter Tribal Watershed Council -
Vanita Sahni and Suchof Sunday 

The Yukon Inter Tribal Watershed Council is an 
organization that was put together and established by 
First Nations when First Nation groups around the 
Yukon River decided that the water qualiry was very 
important ro them and that they wanted ro all come 
together to learn more about the water qualiry and 
the scientifi c knowledge and integrate that with their 
traditional knowledge. 

They are a capacity-building group, attempting to 
transfer technical, scientific knowledge to regular 
English in a way that people can understand it; 
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reaching and guiding the First Nations who want ro 

learn about it. 

A steering committee guides rhe Council, and the 
onus is up ro the First Nations ro rake the initiatives 
to direct their learning. 

The Council is developing a website, which will be an 

important communications tool between the First 
Nations and the Tribes ro provide up-ro-date informa
tion, because rhe communities are so spread out. 

There will be restricted access to the Tribes and First 
Nations. 

They have been working with Environment Canada 

and creating a partnership berween governments and 
First Nations. 

The Council assists communications and sharing of 
information berween governments and First Nations. 

Overview of Northern Contaminants Program 
- Sarah Kalhok 
• The Northern Contaminants Program in the Yukon 

is part of a larger pan-northern program, called the 
"Northern Contaminants Program", which began in 
1991 and includes Yukon, Northwest Terrirories, 
Nunavut and other northern regions of Quebec 
(N unavik) and Labrador and covers the interests of 

all those regions. 
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This all fits into a circumpolar program, called the 
"Arctic Moniroring and Assessment Program" (AMAP), 
which is made up of rhe eight circumpolar nations: 
Canada, U.S., Norway, Sweden, Finland, Denmark, 

Greenland and Russia. 

The objective of the program is ro reduce and, wher
ever possible, eliminate contam inants in traditional 

or country foods while providing information that 
assists individuals and communities to make informed 
decisions about their food use. 

This includes gathering information about contami
nants, reducing or eliminating them through interna
tional policy and getting that information across ro 
northerners so they can use it ro make decisions about 
consumption of traditional foods. 

The program looks at three groups of contaminants 
in general: heavy metals (mercury, lead and cadmium), 
persistent organic pollutants (POPs), which include 
DDT and PCBs, and radionuclides (Cesium 137). 

The focus of the program has been on POPs and 
heavy metals. 

Organizing the program to look at contaminants is 
done by subprograms, i.e. abiotic monitoring or 
looking at moniroring of the nonliving environment, 
i.e. the air, water and soil. The second subprogram 
looks at contaminants in the living environment, i.e. 

fish, caribou and marine mammals. The third subpro
gram is human health of those who are consuming the 
foods, i.e. benefits of traditional foods versus 
co ntaminants. The education and communications 

subprogram is led by rhe aboriginal partners ro make 
rhe information understandable ro northerners. The 

international policy subprogram is working at 
eliminating or reducing contaminants in the Arctic, 

because mosr of rhem are not generated there. 

The program is under the leadership of rhe Northern 
Contaminants Program, run out of DIANO and 

operates in partnership with aboriginal organizations 
such as CYFN and the Dene Nation. 

In addition to DIANO, there are three orher Federal 
departments: Fisheries & Oceans, Health and 
Environment; and there is representation from 

Terrirorial and Regional Governments, which make 

up rhe management structure. The program also 
works closely with universities and research institutes, 

such as the Centre for Indigenous People's Nutrition 
and Environment. 

• Abiotic moniroring has revealed where contaminants 
come from, which for rhe most part is not from the 
north but from agricultural and industrial areas in 
other parts of the world through ocean currents, air 
trajectories and rivers in a cold condensation or 

grasshopper effect of evaporation and condensation. 

One air monitoring sire is at Tagish. 

The biotic moniroring looks ar contaminant levels and 
trends in rhe environment and in wildlife. 

Contaminant levels in an animal build up over rime 
(b ioaccumulation). Younger animals usually have less 
contaminants in them than older ones. 

Marine animals illustrate why rhere is concern about 
biomagnification in rhe food chain, with contaminant 
concentrations increasing with each step of the prey/ 
predator. Animals consuming other animals have 

higher contaminant levels than those that ear lower 
on the food chain. People in the north are at th e top 
of this food chain, which is of particular concern. 

Temporal and spatial trends are being looked at in 
monitoring to determine how contaminant levels are 
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changing through rime and how they differ in differ
ent parts of the circumpolar north. 

Northerners are concerned about levels of exposure 
through diet and resultant effects on people. 

There are contaminants in people in every region of 
the world based on rhe amount that is in their food 
and how m uch they're consuming. Dietary habits 
st ro ngly inAuence contaminants levels in people. 

T he b ig concern is the eastern Arctic where there is a 
ve ry lo ng food chain. 

At one point, the diets of northerners were made up 
entirely of traditional foods, but now marker foods 
are also factoring in to total nutrition in the north. 

In addition to the nutritional benefits of a traditional 
diet, there are economic, cultural and social benefits. 

1 r is a way of life and involves the overall health, not 

just nutrition. 

Communications is a very important part of the 
p rogram. T he media likes to sensationalize this issue, 
i.e. how food is toxic and is poisoning people. 

T he trad itional foods in the Yukon are very healthy, 

and the benefits from consuming them far outweigh 
rhe risk at rhe contaminant levels found in the 

foods. 

Aboriginal organizations have taken the lead on com
munications, because they are closest to the people 
who are consuming the food, and they know how to 
convey that information. Balanced information, put 
into context with the benefits, is very important to get 

a ful l understanding. 

Education curriculum materials have experienced a 

lot of success. 

Some information about contaminants has caused 
people to airer their dietary habits and lifestyle, so it 
is important to get accurate information across. The 
program has a website, brochures and annual publica

tions, letting people know in plain language what kind 
of studies are being done, plus an annual research 

synopsis. 

The second annual Canadian Arctic Assessment 

Repo rt is being compiled, which summarizes and 
assesses in formation from the last five years of the 
No rthern Contam inants Program. A plain-language 

hi gh lights report, from the design through ro the 
publ ication, led by rhe aboriginal organizations, is due 

to be released in the fall. 
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• The Northern Contaminants Program has had a lot 
of success in international policy negotiations, 
working toward protocols on POPs and heavy metals. 
Final negotiations with rhe United Nations 
Environment Program Convention on POPs took 

place in December 2000, in Johannesburg. Last May, 
more than I 00 nations signed this convention. 
Canada was the first to ratify it. International 
negotiations are long and d ifficu lt. One aspect char 
has been successfu l and compell ing to rhe interna
tional community is the aboriginal cooperation on the 
contaminants issue, particularly with respect to the 
POPs. The Canadian Arctic Indigenous Peoples 
Against POPs worked together with the Russian 
indigenous peoples of the north and the Sarni Council 
at the negotiations to ensure that international agree
ments on POPs protected Arctic aboriginal people. 

Most POPs have already been restricted or banned 

from use in Canada. 

• The focus of this workshop is on the heavy metals 
such as mercury. There are currently efforts under way 
ro develop some international protocols on mercury. 

• The NCP website: www.inac.gc.ca\ncp . 

Terrestrial contamination - Mary Gamberg 
Mary has been involved in science by way of collecting 
hard data in the Yukon for ten years. 

• Work had been done in Norway and Sweden, which 
raised concerns over an unexpected level of cadmium in 
caribou, which resulted in a health concern for people 
who were consuming the organs of the caribou. 

Cadmium is a nonessentia l element for people and is 

associated with zinc both biologically and geologically, 

e.g. lead-zinc mine . 

Contamination occurs through ingestion, i.e. eating 
food, and it localizes in the liver and kidney, which 
filter out toxins. It does not accumulate in the meat 
or muscle tissue. As it accumulates over time, older 

animals or people are expected to have more in their 
bodies. At a certain level , it becomes toxic and will 

result in kidney dysfunction. 

Samples in a freezer in Ottawa, plus samples taken 
from rhe Porcupine caribou herd, were examined. 

It was determined that across the Arctic, the levels were 
pretty much the same, i.e. the Porcupine Caribou Herd 

were pretty much the same as rhe NWT, northern 
Quebec and Norway, which resulted from a global 
transport of cadmium from the south blanketing the 
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norrh. The lichens, which are ingested by the caribou, 
absorb cadmium very well, as they have an anchor, 
rather than a root system like other plants, and absorb 
their nutrients through the air, which include 
contaminants. 

A study of 30 caribou from the Finlayson caribou herd 
was undertaken, and a huge difference was found in 
the animals, i.e. a lot more cadmium than expected 

and way more cadmium than any other caribou that 
had been measured anywhere. The Tay herd was also 
high in cadmium. This was rather a shock, and people 
starred ro panic over these results. 

One difference is the Finlayson is a woodland herd 
and feed a lot more on grass, willows and buds than 
the barren ground herds, which feed primarily on 

lichens. 

• Three woodland herds were examined. The Tay and 
Finlayson herds are located near Ross River, where 
there is a large lead-zinc mine; ecologically a lot of 
lead, zinc and cadmium. The Bonnet Plume woodland 
herd was also looked at, which resides up in the 
Bonnet Plume mountains; rather than an area of 

industry or high geological cadmium. 

The Bonnet Plume herd had less cadmium than the 
Porcupine herd, which demonstrated that there is not 
a genetic difference between the woodland and barren 

ground caribou. 

• The question was: Is it occurring naturally or because 
there is a mine in the area, i.e. from the tailings? 
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Samples of lichen, soil, vegetation, berries, water and 
overflow on lakes were taken; and it was discovered 
that the source of the cadmium was not the mine but 
the land. Cerrain plants, such as willows, are very 
good at absorbing cadmium out of the soil, which gets 
in the buds, leaves and twigs; and when caribou eat 

it, they accumulate a lot of cadmium. 

The woodland caribou are not migrarory. They live 
in one area all their lives. 

Health Canada did a health assessment. The amount 
of caribou kidney recommended chat one can ingest 
safely differs among herds, because the amount of 
cadmium is different. The lowest number is the Tay 
herd, and one should limit intake to seven kidneys per 

year and four livers. It does not accumulate in the 
meat, so there is no advisory in chat regard . 

People in the Yukon, both First Nations and otherwise, 

eat a lot of traditional foods. 

A huge study was undertaken in 1995, including large 
and small mammals, working with all First Nations 
and foods chat were taken at traditional times from 
traditional places; as well as with samples submitted 
by hunters. Most of the studies centred on what was 
consumed, but included bear and short-tailed weasel; 
birds, mostly ducks, grouse and ptarmigan; plants; 
berries and anything people collected for use. 

The samples were analyzed for a suite of 26 metals 
and organic pesticides. No pesticides were found in 
anything. 

There was a little bit of mercury in the caribou kidneys, 
but that was less of a health concern than the cadmium. 
If intake was maintained ro what was recommended 
for cadmium, it was safe for mercury, as well. 

The concentration of cadmium depends on the habits 
of the animal and where the animal lives, i.e. muskrat 

do not tend to eat anything that accumulates 
cadmium, so they will never show cadmium. Grouse 

eat a lot of willow buds, which can be very high in 
cadmium. Some showed low levels of cadmium, and 
others showed such high levels that if they were 
laboratory rats, they would have been dead a long 
time ago. Beaver and porcupine eat a lot of willow and 
tend to accumulate cadmium. 

One unexpected result was that the moose were also 
very high in cadmium, i.e. similar to the Fin layson 
and the Tay caribou, which is different from moose 
that have been measured in other places. The ecoregion 
is unique, in that it is very mineral-rich compared to 

moose that are living in a large ranging area. They are 
big animals, and they eat a lot of willows during the 
course of a day, thus taking in a lot of cadmium . 
Cadmium does not accumulate in the meat, only in 
the kidneys and a little in the liver. It is recommended 
people keep their intake to one kidney and a little over 
half a liver in a year. This is cumulated, so if a person 
doesn't eat any one year, they can eat twice as much 

next year. These health assessments are for non
smokers. For a smoker, the numbers will be lower. 

Most Yukon country foods have no contaminants 
concerns, and they are valued food sources. 

Hunter surveys of moose and caribou have been 

continued, i.e . they submit a kidney, some liver, 
muscle and a tooth from each animal. In some cases, 
there is actually I O years of data . 

The most data available is for the Porcupine caribou 
herd. Arsenic and lead are barely measurable and are not 
changing. There is some measurable mercury, but it is 
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not very high, and it is very stable. Selenium and copper, 
necessary trace elements, are very stable. Cadmium is 
listed as stable, because although it is increasing a little 
bit, statistically, it is not significant. 

The data avai lable for moose indicated lead, mercury 
and arsen ic barely measurable; copper and selenium, 
stable; cadmium very stable but a much higher level 
than the Po rcupine caribou herd. 

T he conclus io n from the hunter survey after I O years of 
research is chat contaminant levels in moose and caribou 
appear to be stable. 

Mercury trends in northern fish - Lyle Lockhart 
A sample of mercury was passed around. Places where 
mercury is rich in the rocks, one finds cinnabar, which 
is the ore that is often mined when industrial mercury 

is produced. 

Mercury is a natural element. 

Mercury concentrates in fish , and it is toxic to humans, 
and mercury can hurt humans if we get enough of it. 

Subj ects to be discussed: how much mercury is in che 
fish analyzed from che Yukon and where the mercury 
comes from. 

There is natural mercury that occurs in che rocks, and 

some mercury is produced due to the face chat over the 
past 2,000 years or so, man has been moving mercury 
around in ways that nature doesn't very often do. 

There are varying opinions about whether mercury 
matters to the animals and fish. 

• An understanding of mercury started with an incident 

in Japan where people were poisoned by mercury in 
the environment after an industrial corporation had 
discharged mercury into che environment. It got into 
the sea and got into the fish. People ate the fish, and 
they were poisoned. People noticed something was 
wrong with the cats, who were being fed parts of the 

fish that the people didn't use. 

There is the same amount of mercury on earth now 
as there was a million years ago, but we've moved it 
around in ways that nature has not done, especially 

by burn ing things. 

The larger the population, the more energy-intensive 

our lifestyle is and tl1e more we burn, tl1e more mercury 
gets into che air. The air distributes it throughout the 
planer, the Yukon being on the periphery. Some gets 

rained out into rhe ocean. 
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There is mercury in petroleum fuels; burning coal, 
garbage and cremation (dental fillings) being big 
contributors. 

• There is a lot of range in rhe numbers in studies, with 
the best estimates being that the air we are presently 
breaching in North America being about half natural 
and half coming from human activities, largely 
burning of fossil fuels. 

In Canada, the biggest sou rce is probably smelting of 
sulphide ores, and in the U.S. it 's burning fossi l 
fuels . 

• A lot of the reason for interest in mercury in the north 
stems from studies by Health Canada. 

Health Canada surveyed about 500 native communities 
across the north and measured the amount of mercury 
in the blood of the people, as well as sampling the hair. 

From a Yukon perspective, things look good. 

• There is a biological cluster of coastal communities in 
the eastern Arctic which have high readings. It is 
believed a lot of chat is due to their consumption of 

marine mammals. 

The Yukon is a place where one expects to find 
mercury geologically. It is unknown how much the 
driving force of the mercury in the fish is due to this 

and how much is something else. 

• There are not good mercury maps for geological 
concentrations in Canada. 

One hot spot was identified in the Yukon. 

Fish samples were taken from the NWfNukon border 
where there is a high concentration of geological 

mercury. 

Toxicologists have figured out how much mercury we 
can cake in without hurting ourselves, then backtrack 
it to determine if one is getting che mercury from 
food, how much food can be consumed without 
causing a person to go over che "too much" levels. 

Commercial fish are recommended to be under 
.5 parts per million (ppm) and even less for people 
who consume a lot of fish. 

• The Canadian Food Inspection Agency will remove 
fish chat test above the recommended level of mercury, 
however, they cannot contro l consumption from 

private fishing. 

• The Northern Conraminants Program is oriented 
coward contaminants that move around by air and get 
into our settings but don't necessarily originate here. 
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With mercury, some of rhe contamination could be 
coming from the locks that are in the lake, which adds 
a huge compl ication in trying to interpret rhe results. 
With PCBs, one knows they co me from human 
activities somewhere, but with mercury in a lake, chat 
is not the case. 

Mercury is nor an essential element to humans like 
copper. 

Sarah Arkins-Baker wrote a report in 1979 where she 
described mercury in fish that she obta ined from all 
over the Yukon in 1977. All the dots are green except 
for a couple of yellow ones; no red dots, which is 
good. 

Salmon, char and suckers were good news. 

Only a small number of inconnus and ciscos were 
sampled, and they tested quite high (Old Crow Flats). 

Northern pike had several yellow dots and even a red 
dot, i.e. fish that eat other fish have high levels. The 
Yukon seems to be a bit better with northern pike 
than parts of the western NWT. 

Grayling are almost all green . 

Mercury follows protein, so one does not expect to 
find it in the liver. 

The Yukon is not all that different from other northern 
territories. 

• Arctic char are really clean fish, because they derive a 
lor of their calories from rhe marine food chain, wh ich 
seems to be less problematic than the fresh water food 
chain. 

White fish are very good, Yukon has almost all green 
and three yellow dors. 

Lake trout has about the same number of red as green 
dots, with rhe largest category being yellow. There is 
a problem all across rhe north with lake trout. 

The highest problem species is wa ll eye, wh ich has a 
great tendency to pick up mercury. 

Average figures conceal all kinds of sins. 

The bigger the fish, rhe more mercury one will likely 
find in it. So, a person would not want to each as 
much of the larger size range of fish. 

• A steep line on the graph means the fi sh are picking 
up mercury quickly, and a Aar line means they are not 
picking it up very quickly at all . 
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One lake where there appears ro be a potenti al 
mercury problem shaping up is Kusawa. Practically 
all fish that have been analyzed from this lake are over 
.2 and many exceed .5. There are more fish from 
Kusawa in the lab now, so future analyses will be 
occurring. 

In the data for the Yukon, there are several lakes where 
the same kind of fi sh have been sampled more than 
once. 

Between 1977 and 1998, in white fi sh from Lake 
Laberge (a ll similar size) th at were sampled the 
mercury appea rs to have gone down a bit. 

Levels in Mayo Lake stayed about the same with white 
fish; but lake trout went down a bit. Probably the fact 
that small er fish were sampled could have a bea rin g 
on the results. 

Quiet Lake stayed about the same, and fish sizes were 
not recorded. 

Studies in birds and whales indicate rhar mercury 
seems to be in creasing. 

Dara is sent to Hea lth Canada, and they advise how 
much is safe to ear of each species, i. e. evaluate how 
much fish from Kusawa wo uld be safe to consum e. 

In a summary published by USEPA in 1995, there 
were 1,300 adviso ri es for mercury, some of them 
including all the water in an entire state. The adviso
ries on mercury ourweigh all the others combined, i.e. 
PCBs, ch lordane, dioxin and DDT. Mercury will 
probably be a difficulry in the north for a long rime. 

The controversy is it is recommended to eat foods 
from each group every day, whil e at rhe same time, 
consuming only 225 grams of lake trout per week, 
which is not enough. 

International negotiations to try and limit rhe sources 
works for things like PCBs; but because mercury is 
connected to our lifestyle and use of energy, it will be 
hard for us to get rid of. 

Studies are being done to determine whether it is 
mercury that is coming in the ai r that is the sou rce of 
the problem. 

The Yukon does nor catch very much of the atmo
spheric vecto r from Asia. It is unknown how much of 
the mercury coming in from this source is adding to 
the amount of mercury that is in fish. 

Northern ers are in the position where they have to 

make the most rational balance and judgment they can 
between the nutritional good obtained from eating the 
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fish and orher animals and rhe risk. I r is generally 
agreed that the nutritional benefits from the traditional 
foods exceeds rhe risk of poisoning one would get, bur 
iris an individual choice to be made. 

In some parts of rhe globe, there is really rich geological 
mercury. The sourheasrern Yukon has some. 

• There may be local stuff such as old pulp mills or old 
mines th at are a source of mercury. 

In some parts of the world, there is a big loading into rhe 
atmosphere. The Yukon has only a small atmospheric 
component. 

• The Yukon does nor have the same sort of problem as 
northern Quebec or some of rhe eastern islands. 

Lakes have a remarkable history, which is different 
from rhe oceans, in char lakes gradually fill up over 
rime. There are lakes that have a mile or more of 
sediment. As layers form in rhe bottom, they gradually 
fill up, and the lake becomes like a bog. A core put 

throu gh rhe layers curs back through rhe history of 
rhe lake. The core can be sliced and radionuclides 
utilized to get an idea when each of rhe slices was 
deposited in rhe lake. 

Nature has given us a wonderful clock, which is due 

ro rhe radium in rhe soils. Radium decays through a 
series of steps ro a gas, called "radon". This gas does 
not stay radon for very long bur decays through 
another series of sreps ro form lead-2 I 0, which will 
attach to any particle it meets. 

• The lead-2 I O can be used to dare the layers, i.e. each 
time you have rhe counts of lead-2 I 0, it rakes about 
22 years. Radionuclides decay at a very constant rate, 

and nothing changes rhe tendency ro decay ar all. The 
results of rhe dating can be plotted onto a graph. 

• One other phenomena rhar is used to assist with 

plotting is rhe fallout from rhe resting of nuclear 
bombs, rhe peak rime being the early 1960s. 

oah in rhe U.S. produced graphs ro illustrate a 

typical world pattern for things such as metals. A lot 
of rhe decline is from a worldwide switch away from 

coal towards oil and natural gas. Coal is a much 
dirtier fuel rhan rhe other fossil hydrocarbons. 

• Some people believe rhar rhe cores are just arrifacrs 

and imagination. 

In rhe Kusawa Lake core, rhe mercury points are high 

and rhen drop off and form a stable base. Lead is far 
more variable than it ought to be. Normally lead is 
nor like rhar. There is something going on in Kusawa 
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Lake rhar is difficult ro understand. Copper and zinc 
are pretty Aar, and iron and manganese bounce around 
all over rhe place, because rhey depend on how much 
oxygen is in rhe system. There is no indication of 
cadmium in the lake. Aluminum and titanium are 
usually indicators of inputs of rerresrrial soils, no 
change there. Mercury stands our as the only metal 
rhar may have changed and probably in the absence 
of much change in lead. 

• The other lake in the Yukon that seems to have some
thing going on in rhe sediments is Fox Lake. The 
mercury is very much like Kusawa, a long Aar period, 
and then, ir spikes up; a huge effect on lead. Some
thing other than gasoline lead has caused a big change 
in Fox Lake. 

Methylmercury risk assessment in Health Canada 
- Mark Feeley 
• Outlined rhe healrh risk assessment process (also 

known as "the health hazard assessment process"), how 
it has evolved and what is involved; the "regulations" 
Health Canada utilizes and an example of a more 
traditional food health hazard assessment the depart
ment has recently been involved in; an idea where 
Health Canada might be moving and how this will 
affect rhe health hazard assessment process for country 
foods in rhe future. 

• Health Canada is responsible for "monitoring" the 
health and safety risk related ro rhe sale and use 
specifically of foods and pesticides. 

Health Canada's current motto is: Helping rhe people 
of Canada maintain and improve their health, and 
their code of practice is maximizing rhe safery of rhe 
food supply; and they are supposed robe promoting 
good nutrition and informed use of food. 

The Food and Drug Act is Health Canada's principal 
piece of legislation rhar gives ir rhe legal authority ro 
monitor and maintain rhe safety of rhe food supply. 

The Act is approximately 80 years old. The preliminary 
phase was called rhe Food Adulteration Act. The Act 
applies ro all foods sold in Canada, whether manufac
tured in Canada or our of Canada. 

• The Act nor only specifies rhe safety of rhe food, bur 
also what can actually be in the food product, i.e. 
nutritional aspects and labelling have ro conform ro 
rhe Food and Drug Act, and this is primarily where 
Health Canada is involved in terms of the safety and 
potential hazardous products or contaminants or 
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pollutants that might show up in the food supply in 
terms of prohibiting the sale of food. 

• When the Food and Drug Act was initially enforced, 
they didn't have ro deal with the chemicals and 

pollutants that came in with industrialization and 
similar processes. 
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Food includes any article manufactured and sold or 
even something chat someone may try to represent as 

food, i.e. drinks like bottled water, chewing gum or 
any ingredient that is mixed with food for any purpose 
whatsoever. Health Canada is in the process of setting 
what can be in water. The Act specifies the maximum 
residue limits or contaminant substances, food 

additives such as caffeine, packaging material. 

Anything that could be in or on food is regulated by 
the Food and Drug Act. 

The Food and Drug Act gives Health Canada the right 

ro inspect anything associated with food, including 
the food itself and the premise of producing the food . 
It also gives Health Canada the right ro seize food as 
they did with the potentially dangerous chocolates on 
the marker. By trying ro sell food, one runs the risk 
that you will forfeit the food and Health Canada will 
do whatever it wants with the food. 

Anyone who contravenes the Act or commits an offence 
related to food is subject to a fine not exceeding $50,000 
and imprisonment for a term not exceeding six months 

(summary conviction). If Health Canada has ro take 
someone ro coun and they are indicted, they can increase 
the fine ro $250,000 and the term of imprisonment ro 
three years. This is scare mongering, because Health 
Canada doesn't like taking people ro court. The worst 
scenario has been a $500 fine and a term of three 
months, which rarely happens. However, this illustrates 
that the Food and Drug Act gives Health Canada the 

authority to inspect, seize, forfeit or destroy food. 

"Hazard" is the potential for a chemical or other 
pollutant ro cause human injury or illness. This basically 
involves the inherent roxicity of a chemical which could 
deal with radiation, with germs or anything. From 

Health Canada's perspective, everything is potentially 
hazardous, i.e. a certain concentration of salt could 
potentially cause damage, and they look at whether or 
not there is a risk associated with a hazard. 

"Risk" is a measure of the probability that damage ro 
health or environment will occur as a result of the 
given hazard; and "risk assessment" is taking the 
inherent hazard in a particular substance and trying 

to figure out whether for a specific population or 

specific circumstance or situation it is likely that there 
is a definable risk. 

Risk assessment processes are comprised of three 
principal ent ities: trying ro determine the estimated 

daily ingestion or intake of the substance, the average 
daily intake, how much an individual is being exposed 

ro on a daily, weekly, monthly or ye~rly basis. 

• Total exposure assessment means people take into 
account what might be in the air, the soi l, the water 
or food. Hazard identification is the easiest to 
determine, because it relates ro any potential for the 
chemical or compound one is dealing wirh ro have 
any sort of roxic properties; and the answer ro that is 
usually "Yes" . 

The hazard characterization, which is generally 
referred to as some form of dose-response relationship, 
i.e. taking into consideration some sort of exposure 

assessment with the intrinsic properry of the chemical 

to be hazardous, is used in trying to figure out how 
much one has ro be exposed to before it will eventu

ally constitute some sort of risk. The statement would 
be that they don't want anybody to be exposed to 

more than an acceptable quantity of a particular 
substance or another term char is used in relation co 
contaminants is "a tolerable amount" char one can 

ingest on a daily or weekly basis and still be reasonably 
assured over the course of one's lifespan that it would 
not result in any sort of risk based on the hazard. 

Managing an identified risk complicates matters. 

Health Canada has been criticized for not giving enough 
information on the overall risk assessment process for 
people to understand why suggested maximum levels are 
set for consumption of fish and substances such as livers. 
Risk management is a very confusing area and the 
process tends to change with identification of a product 

being a stronger hazard than it used to be or more 
exposure from one commodity. 

The cycle of mercury is complex. In the case of Quebec 
where there have been massive Aoodings for hydroelectric 

dams, this is probably one of the prominent sources of 
mercury getting into the watershed or the atrophic 
environment. Methalation of the mercury in an inorganic 
form is then more susceptible to bioconcentration and 
biomagnification. As the higher levels of mercury move 
up to the higher atrophic levels, somebody fly fishing 
will have a definable concentration of mercury in his 

catch. 

The food intake is the primary route of exposure for 

methyl mercury, with fish being the primary commodity 
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for the majority of che population. Gold mining and 
dental amalgams are other sources of mercury exposure 
to humans. 

It is estimated that in general, che maximum intake a 
person might have if they are only eating retail 
commod ities on the market is 2-15 micrograms per 
pe rson per day. 

Esti mates fo r intake of methylmercury for people who 
are also consumi ng traditional country foods can be 
up to almost I 00 micrograms per day in a variety of 
sources such as marine mammals and organ meats, 

which are contributing significantly to the mercury 
intake . 

Usually one can determine how much mercury a person 
has been exposed to by how much they have in their 
body by raking a blood or hair measurement. 

For the vase majoriry of rhe general population who 
have been exposed co mercury in retail fish and 
seafood, usual ly the hair mercury level is less than 

I ppm. 

In the 1980s after some of the hydroelectric dams and 
the resulting flooding of the property in Quebec, some 

of the Ja mes Bay Cree had 60-120 ppm of mercury in 
their hair, demonstrating that populations with an 

extensive subsistence lifestyle who may be eating a 
larger quantity of fish than the average southern 
Canadian, will be reflected in having quite highly 
elevated concentrations of mercury in their body. 

Every 5-10 years, Stars Canada, in conjunction with 
health departments, conduct consumer surveys, and 
fo r those liv ing a nonsubsisrence lifesryle, the average 
is about 6-45 grams/day, which is about half a pound 
of fis h consumed per week. Ninety percent of the 

popu lation would be defined as consuming less than 
225 grams a day, which is about half a pound. 

If the food-based surveys are expanded as to how 
much fish Grear Lakes subsistence populations eat, 

the average value suddenly exceeds the 90 percentile, 
i.e. on average some of the Great Lakes First Nation 
populations are up to over a half a pound of fish a day; 
and in certain cases, an individual will say that they 
eat 1426 grams of fish a day, which is a lirtle over four 
pounds of fish, extrapolated over the course of a year 

is abo ut half a ton, illustrating rhe vast range of 

poss ible exposu res. 

Complicated formulas are used to extrapolate derailed 

information on the standard exposure assessment. 
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Health Canada come up with advisories, based on the 
average weight of Canadians, the commodity, 
consumption paccerns, food preparation techniques 
and the protein content of foods consumed. 

In rhe case of che Great Lakes, it is recommended chat 
visible sources of fat be removed before the flesh is 

consumed. 

For che general population, some of the surveys which 
have been recently completed, 90 percent of the 
population, especially for reproductive-aged women, 
which rend to be the most sensitive, can be defined as 
having less than 1.4 ppm of mercury in their hair, 
which is considered near baseline. Children are even 

lower, i.e. abour .4 ppm mercury in hair. 

In 2000, New Jersey did a survey, looking specifically 
at pregnant women, not particularly high fish 
consumer, and 97 percent of the population were less 

than 2 ppm in their hair. Out of che 199 pregnant 
women, only one fell at a level chat would be consid

ered high . 

Some of che NCP-generaced data indicates the general 

population is about I ppm in blood samples (which 
contains less than hair), which is considered standard. 

The World Health Organization considers that any
thing less than 5 is where the general population is at. 

NCP studies which looked at che level of mercury in 
Nunavik Inuit were finding considerably elevated 
levels of mercury, i.e. up to 14.2 ppm. 

When the study was extended to the Baffin Inuit, where 
there is a lot of marine mammal consumption, they 
were still clearly elevated for the general population. 

Studies of Northwest Territories Dene Meris showed 
only slightly higher elevated results than rhe general 

population. 

There is a formula chat allows a back-calculation from 
levels of mercury in hair or blood to estimate average 
daily intake of micrograms of mercury, i.e. number of 

fish meals someone may have in a week. 

Statistics show char one can definitely influence your 
body in terms of what you eat. 

Mercury hazards assessments: Organic forms of mer
cury are usually considered to be more roxic because 
it's almost completely absorbed in diet. 

Mechylmercury is toxic, buc di-merhylmercury is even 

more toxic. 
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Unlike some contaminants such as cadmium, the 
placenta offers no barrier ro mercury, and ir can, 

therefore, accumulate in the developing foetus. This 
was seen on work done on elective abortions in 
Germany and Sweden, where levels of mercury could 
be determined in the foetus and in the mother relative 
to the mother's consumption pattern. Mercury was 
also found in breast milk at about five percent of the 
level that was in the blood, illustrating that it is a 
source of exposure for developing infants. 

• A lot of the neurotoxicity is associated back to neural 
damage, which is unfortunately, irreversible, and is one 
reason why Health Canada tends to be relatively 
concerned about giving advice about levels of mercury. 

472 

Specific brain damage or neurological areas which are 
affected can not be regenerated like a liver. 

Some of the earliest signs seen in human populations 
affected by mercury involve vision, hearing, speech 

and muscle coordination. 

In severe cases of methylmercury poisoning, there will 
be blindness, cerebral palsy and mental retardation. 

Historical background: About 12,000 people were 
affected by the Minamata poisoning episode. Around 
the time data was being analyzed from this, the World 
Health Organization became very concerned and 
suggested that mercury residue limits should be 
applied to every food item on the market, initially as 
low as .02 ppm. 

In 1969, Sweden was one of the first countries to 
illustrate chat there probably was some atmospheric 
transport of mercury taking place, chat che lakes were 
a good sync for this source, plus there was probably 
mercury getting into the fish from the soil itself; and 
certain fish species in Swedish lakes, primarily pike, 
were coming up with very high levels. Sweden was 
recommending that pregnant women should not con

sume any fish between 0.2 and I ppm of mercury. 

Based on the previous Minamata poisoning episode, 

Health and Welfare Canada suggested .5 ppm for 
commercially-sold fish. 

In I 969, some of the major monitoring activities 
started caking place, and certain commercial fisheries 
were closed due to high levels of mercury in fish. 

Industrial activities can have a major impact on the 
level of mercury in fish. 

In 1972, after a variery of human poisonings or expan
sion of the study results in Minamata, the World 

Health Organization suggested that on a weekly basis, 
humans should not ingest more than .2 milligrams of 
mercury or 0.47 micrograms/kilogram of body 

weight/day (tolerable daily intake = the amount one 
can ingest on a daily basis where the organization 

responsible for giving chat advice can state with 
reasonable certainty chat methylmercury is not going 
to have an adverse effect on you over the course of 

your lifetime). 

A review of more recent information of a poisoning 
in Iraq, where they used a methylated form of mercury 
as a fungicide on seeds, there was a definitive poison
ing with some of the same symptoms they saw in 

Japan being evident. People were supposed to use the 
seeds for planting the crop but instead ingested bread 
made with the seeds . 

In 1976, the World Health Organization applied some 
of the chronic intakes associated to the human body, 

i.e. if a human starts to get up to .2 ppm in the blood 
or 50 ppm in the hair, there was about a five percent 
risk for adults chat they might be starting to show 
some symptoms of mercury intoxication, reiterating 
what they previously stated that on a weekly basis, a 
human should be consuming no more than .2 milli
grams of methyl mercury. 

The World Health Organization last took a look at 
methylmercury and confirmed the 1976 values from 
Japan and Iraq poisonings. There was additional data 
from Canada, New Zealand and Iraq, which confirmed 
that the .2 ppm in the blood and the 50 ppm in the 
hair levels is probably where you start to see effects in 
adult; but because some of the studies started to look 

at children, they decided ro come up with more 
conservative advice, stating that pregnant women may 

start co show signs of mercury intoxication at levels 
lower than 50 ppm in hair and that the developing 
infant and the foetus is more sensitive to mercury 
neurotoxicity than adults would be and suggested that 
if a mother had levels around I 0-20 ppm in the hair, 

that might be where you start to pick up on a delay in 
motor skills in the development of an infant. 

Health Canada has conducted more recent studies in 

the Seychelles, a south pacific island chain, with a 
heavy fish-consuming population but at relatively low 
levels. A Rochester, New York, group has done a very 
detailed analysis of the population of the Seychelles. 

With the adults from Minamata, the people who have 
been chronically poisoned over a long period of time 
are starting ro show the effects of less than the 

50 ppm, probably down around 35 ppm. 
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Some of the Canadian studies have been controversial, 
because it is very hard to define whether the results 
were specifically a lifestyle-related effect or associated 
with other fauors relating to mercury. There is an 
ind ication there may be mild symptoms associated 
with the level of 10-16 ppm in the hair. 

Tests conducted in clinical conditions on infants of 
native mothers in New Zealand showed subtle 

psyc ho logica l behavioural deficits in the area of 
hand-eye coordination, visual acuity tests and 
language sk ills associated with a maternal hair level 
of between 10-15 ppm . 

Infants from mothers who had greater than 12 ppm 
in their ha ir had poorer child developmental test 
scores in the area of language skills, perception of 
surroundings and cognitive abilities co be able co 
recogn ize pictures. 

However, with the Seychelles cohort testing, reanalysis 
of the infants did not support the initial observations 
(now about 12 years of age). The consensus is that the 
children with the h igher levels of mercury are actually 
showing better cesc scores in these areas, which has led 

researchers to confirm chat fish are such a good source 
of protein and fatty acid content chat che mercury is an 
indices of the consumption of the fish, but fish is "brain 
food". 

Another cohort is being looked at on the Faeroe 
Islands where there are high consumers of fish, as well 
as pi lot oil. When the infants were tested ac seven 

years of age, they started ro show some of the 
attention, language and memory lower test scores char 
were common in the Seychelles. Thirteen percent of 
the population was at a level that the World Health 
Organ ization thought one might stare co see the 

effects, indicating a consistency around the I O ppm 
of mercury in che maternal hair. The same subtle 
effects were seen in the infants where the maternal 

hair was about 12-13 ppm. 

In I 997/1998, Health Canada synthesized the 
information and suggested chat based on the 
evidence to dace, it might be prudent ro scare chat 
mercury hair concentrations around I 0-11 ppm is 

roughly equivalent co where one might scare to see 
the effects on infants with very sophisticated neuro
psycholog ica l testing procedures. The I 0-11 ppm 
leve l in the maternal hair results from a dietary 

intake of about 60 micrograms per day. 

For the general population, Health Canada wanted to 

reduce this amount five-fold. They suggest chat for 
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reproductive-aged women or wome n who might be 
pregnant or be chinking of becoming pregnant and 
young infants, chey should ingest no more than 
12 micrograms of mercury on a daily basis . 

The guideline Health Canada sees for commercial fish 
is a limit of .5 ppm, and the Canadian Food Inspec
tion Agency has the authority to sample the fish. 

Shark, swordfish and fresh and frozen tuna fish in the 
commercial market are known to consistently exceed 
the .5 ppm guideline. 

Under risk management, Health Canada has decided 
chat because che consumption of these particular 
species is so limited, they exempted chem from the 
.5 ppm guideline. 

There are currently no restrictions on canned tuna 
and salmon. These are routinely sampled. Canned 
salmon is very low; and because the tuna used in 
canning are usually che young species, it routinely tests 
well below the .5 ppm. In southern Canada, canned 
tuna is the most commonly consumed fish produce. 
Health Canada has not found it necessary to provide 
any sore of consumption advice for these produces, 
and they are reasonably assured that if women and 
children consume no more than .2 micrograms/ 

kilograms of body weight and for the general popula
tion .47 micrograms/kilograms of body weight there 
should not be a risk of suffering adverse health 
results. 

Health Canada has assisted organizations chat have 
come to chem for advice regarding non-commercial 
or non-retail commodities on the market. Anybody 
can submit an evaluation request to Health Canada. 
After a detailed assessment, a condensed, lay-person's 
summary, including recommendations, is provided. 
The orchern Contaminants Program, DIANO, 
YTG, Department of Health or other contacts may 
be utilized to synthesize and convey information. 

The Canadian Wildlife Service, Environment Canada, 
requesred assistance on some metals when they had 
performed an analysis on waterfowl. Health Canada has 
no data base co suggest what the average waterfowl liver 
consumption rare might be for the general population. 
Almost 100 percent of the population chat consumes 
waterfowl does not consume liver. In this particular 
assessment, the average mercury concentration of the 
liver was approximately .55 ppm, and applying the 
formula, the recommended intake for adults was they 
could eat a little less than a pound of liver a week 
(355 grams), and for women a little less than half of chat 
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value, for children less. The Northern Contaminants 
Program was used ro communicate the fact chat they 
know the population isn't eating that much waterfowl 
liver per week, so they would cell the community there 

is no problem. 

Only a small percentage of the mercury toxicity is 
found in the organs. 

There can be something in the commodity that would 
be of benefit and counteract the risk and hazards 

associated with the exposure. 

Cohort studies are still ongoing, i.e. children are being 

continually assessed. 

The original study when the children were four-to-six 
years of age showed subtle effects; the latest studies 
showed no effects. However, the Faeroe Islands study 
have shown effects on children at both che lower and 
higher ages. Whether these will be consistent or 
transient effects is unknown. There are also some 
reports out of the Faeroe Island studies that are more 

puzzling, which is the idea that there may be cardio
vascular effects, i.e. increases in blood pressure and 
heart rate variability, in children from mercury 
exposure. This is totally against the norm, because 
usually mercury in fish consumption is thought to be 
good for the cardiovascular system. 

There is a great deal of interest in Nunavik, as the 
highest levels were evident in the NCP monitoring 
done on cord blood for mercury. 

The Nunavik cohort was substituted with children 
from Greenland, and all the children will be subject 
to the same type of resting. This will hopefully be able 
to define whether the risk level that Health Canada 
has taken to set its guideline is a valid number. 

In the next couple of weeks, there will be a Health 
Canada workshop on Human Contaminant Guide
lines, at which the at-risk level, increasing risk-level 

and no-risk level will be looked at. 

Metal contaminants in the north, the big picture 
- Colin MacDonald 
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When the Northern Contaminants Program goes into 
the communities and talks about concerns, they can 
be broken down into: will the contaminants in the 
food make people sick, will the contaminants make 
the animals sick, i.e. environmental toxicology, how 

much animals have in them and how much the fish 
are taking up and can we safely eat the food . 

The objectives of this discussion: review the levels of 
cadmium and mercury in caribou in rhe north , exam

ine the global sources of metal, whether there are any 
obvious temporal trends in biota (utilize Cesium 137) 
and priorities for monitoring and further stud ies. 

Local sources, including incinerators, land fills and 
fuel drums, need to be understood and contro ll ed if 

possible. 

• The State of the Environment Report for the Yukon 
has maps of known problems, i.e. sites of specific 

contaminants. 

Material can come from a distant source via long
range transport, move through the atmosphere and be 
deposited in the north. Although the model refers to 

organic chlorines, it also applies to some metals. 

In a paper by Pacyna and Pacyna, 200 I, they went 

through country-by-country, added up the sources 
in 1995, e.g. tonnes produced by continent by items 
like number of cars, number of ch imneys. China is a 
big producer of mercury and cadm ium. 

In 1983, chey estimated about 3,500 metric tonnes/ 
year of mercury, with a decrease in 1995. The United 
Scates has put controls on mercury, which has cut 
down their sources. 

With che exception of lead (removed from gasoline), 
all ocher metals are correlated. Coal is being burned 
less, and modern technology is being used in indus
trial operations (e.g. more scrubbers). 

Nickel and vanadium are correlated. Vanadium is not 
very toxic, and did not show up in recent caribou 
studies. 

A 1997 study out of China indicates chat because of 
all the industrial activity going on to increase produc

tion and with the burning of coal, the estimate of 
mercury output to che atmosphere is 4 .8 percent per 
year, and is something to keep an eye on as to a source 
of mercury. 

• Anthropogenic and natural mercury in the atmosphere 
is about 50/50; cadmium is higher. Lead, vanad ium 
(due to burning of oil) and nickel have increased. 

le is expected chat chose metals wh ich are increasing 
will start to show up in the Arct ic. 

When caribou consume metals through the li chen, 
they are distributed in the animal, some to the liver, 
some to the kidney; organochlorines scay in the fat. 

• Analyzing tissues from hunts to come up with 

patterns. 
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Tay and Fin layson herds are miles above everything; 
examined raw data for patterns. 

The Bathurst and Beverly are mainland caribou herds 
out of Yellowknife, move over to Baffin Island. 

Cadmium is highest in the kidney and some in the 
liver. 

Levels of cadmium and mercury are simi lar in males 
and females in most herds. 

The liver acts as a reservoi r for copper. Differences 
between males and females may have been due to the 
fact that the females were lactating or a big change in 
their body condition. 

The kidney is like the filter of a car. 

There are relatively low levels of mercury in the 
Yukon. Higher levels are found in northern Quebec 
and Hudson Bay. 

Data agrees with Mary Gamberg's data. 

Looks like there was a decrease for mercury, but could 
be due to analytical changes by labs. 

Cesium 137 has been a concern in the north. It is a 
manmade radionuclide that accumulates in caribou 
muscle. The amount of time that it is actually in an 
animal is only about 30-60 days. The source is from 
nuclear weapons testing, and in the mid-50s to 
mid-60s a lot was released into the atmosphere, depos
ited on lichen, consumed by caribou and levels built 
up in the caribou. Chernobyl was the other big source 
back in I 986. The reindeer in Europe were probably 
che best example of this process. 

There was a very small amount of Cesium 134 pro
duced from weapons testing, a lot from Chernobyl, 
and this is used as a marker of how much residue from 
Chernobyl is actually showing up in the north. 

• After a three-year morarorium, people started testing 
again. This changed to underground testing. Some of 
the underground tests leaked and ended up as a source 
to the atmosphere anyway. Levels in reindeer and 
herders in Finland peaked in the mid-60s for Cesium 
137, decreased; and after Chernobyl there was a 
bump, i.e. a direct correlation between what is in the 
animals and the people ingesting the animals. 

Ingenious ways of measurement were undertaken, e.g. 
with a test chat occurred in the norrh of China, an 
aircraft Aew from India to Australia, and when it landed, 
they wiped down the inside of the aircraft and tested the 
wipings, found all kinds of isotopes; conclusion that 

P. Roach 

there was a pretty good distribution of nuclides from the 
blast down to the southern hemisphere. 

In 1997, where it was actually deposited was looked at. 

Most of northern Canada escaped most of the deposi
tion because there was not much precipitation; with 
the higher levels of precipitation in the Yukon, that's 
where most of the material came out. 

Health Canada data from southern Yukon was 
grouped together. 

• There were a bunch of papers from the mid-60s and 
the mid-90s for the western Arctic and several reindeer 
herds in Alaska. 

Cesium is extremely variable in the animals; as soon 
as the animals change their diet, levels decline. 

• The highest levels back in the mid-60s were about 
2,400 becquerels per kilogram; after Chernobyl some 
of the European herds were up to about 30-40,000, 
the highest levels being mid-latitude. 

By the mid-80s the levels in the original four or 
five herds had declined quite a lot, although there 
were higher levels in Quebec. 

The levels are so low on the readings from the western 
Arctic herds, that they are almost below detection. 

With the Bathurst herd, it was up around 2,000 in 
the mid-60s, and it is now down around 100 or so. 
The source has declined a lot every 10 years. 

The cadmium remains high in the kidneys of some 
caribou herds in the Yukon. This is from a natural 
source, and has probably been like this for 10,000 years. 
However, the levels in the meat are low. 

Mercury appears to be low in Yukon caribou relative 
ro other northern herds. 

Sources to the atmosphere for some metals are declining 
and increasing for others, which means monitoring 
should continue in the atmosphere and receptor species 
on the ground. 

Cesium 137 has declined about 10 times in the Yukon 
herds since the 1960s. 

Metals should be monitored every five years for evidence 
of temporal trends and to ensure they fit the general 
predictions. 
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Discussion and Conclusions 
The Workshop presented a broad spectrum of investigations 
inro metals contaminants in country foods and the insight 
provided by the Grand Chief, as t0 the positive effect of the 
NCP for Yukon First Nations, provides direction for the 
future . 

Expected Completion Date 
This project is on-going. 
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