b oAAC?
Qanuippitaa? oS

s W

- .."';-1 'S.

EXPOSURE TO
ENVIRONMENTAL .
CONTAMINANTS

) '- IN NUNAVIK:
METALS

Québec







b o ASAC?
Qanuippitaa?
HOW ARE WE?

EXPOSURE TO
ENVIRONMENTAL
CONTAMINANTS
IN NUNAVIK:

Eric Dewailly"3, Pierre Ayotte' 3, Daria Pereg’, Ser;: BHG(;;: M E TA L S

Renée Dallaire’, Julie Fontaine' and Suzanne Coté'

" Unité de recherche en santé publique,
Centre Hospitalier Universitaire de Québec (CHUQ)

2 Direction régionale de santé publique du Nunavik

? Institut national de santé publique du Québec

STATISTICAL ANALYSES

Louis Rochette

Unité Connaissance-surveillance,

direction Planification, recherche et innovation,
Institut national de santé publique du Québec

QanViPRitqq?

Institut national
oabt saccl® AsPenaT AJRtst bALMPE de santé publique

@ NUNAVIK REGIONAL BOARD OF HEALTH AND SOCIAL SERVICES A
REGIE REGIONALE DE LA SANTE ET DES SERVICES SOCIAUX NUNAYIK uebec



EXECUTIVE DIRECTOR

Danielle St-Laurent
Unité Connaissance-surveillance, direction Planification, recherche et innovation
Institut national de santé publique du Québec

SCIENTIFIC DIRECTORS

Eric Dewailly
Unité de recherche en santé publique, Centre Hospitalier Universitaire de Québec;
Direction Risques biologiques, environnementaux et occupationnels, Institut national de santé publique du Québec

Serge Déry
Direction régionale de santé publique du Nunavik
EDITING AND COORDINATION

Michéle A. Dupont, Elisabeth Papineau and Mélanie Anctil
Unité Connaissance-surveillance, direction Planification, recherche et innovation
Institut national de santé publique du Québec

TRANSLATION

Stevenson & Writers Inc.

LAyouT

Line Mailloux
Unité Connaissance-surveillance, direction Planification, recherche et innovation
Institut national de santé publique du Québec

PUBLICATION

Institut national de santé publique du Québec
Nunavik Regional Board of Health and Social Services / Régie régionale de la santé et des services sociaux du Nunavik

This document is available in its entirety in electronic format (PDF) on the Institut national de santé publique du Québec Web site at:
http.://www.inspg.qc.ca.

Reproductions for private study or research purposes are authorized by virtue of Article 29 of the Copyright Act. Any other use must be
authorized by the Government of Québec, which holds the exclusive intellectual property rights for this document. Authorization may be
obtained by submitting a request to the central clearing house of the Service de la gestion des droits d auteur of Les Publications du
Québec, using the online form at http://www.droitauteur.gouv.qc.ca/en/autorisation.php or by sending an e-mail to
droit.auteur@cspq.gouv.qc.ca.

Information contained in the document may be cited provided that the source is mentioned.

LEGAL DEPOSIT — 3®° QUARTER 2007

BIBLIOTHEQUE ET ARCHIVES NATIONALES DU QUEBEC
LIBRARY AND ARCHIVES CANADA

ISBN 13 : 978-2-550-50450-4 (PRINTED VERSION)
ISBN 13 : 978-2-550-50449-8 (PDF)

©Gouvernement du Québec (2007)



Nunavik Inuit Health Survey 2004/Qanuippitaa? How are we?
Exposure to Environmental Contaminants in Nunavik: Metals

BACKGROUND OF THE NUNAVIK INUIT HEALTH
SURVEY

The monitoring of population health and its determinants is
essential for the development of effective health prevention
and promotion programs. More specifically, monitoring
must provide an overall picture of a population’s health,
verify health trends and how health indicators vary over
distance and time, detect emerging problems, identify
priority problems, and develop possible health programs
and services that meet the needs of the population studied.

The extensive survey conducted by Santé Québec in
Nunavik in 1992 provided information on the health status
of the Nunavik population (Santé Québec, 1994). The
survey showed that health patterns of the population were
in transition and reflected important lifestyle changes.
Effectively, the Inuit population has undergone profound
sociocultural, economic, and environmental changes over
the last few decades. The Inuit have changed their living
habits as contact with more southerly regions of Quebec
increased. A sedentary lifestyle, the switch to a cash-based
domestic economy, the modernization of living conditions
and the increasing availability and accessibility of goods
and foodstuffs imported from southern regions have
contributed to these changes. These observations suggest
the need for periodic monitoring of health endpoints of
Nunavik Inuit to prevent the negative impact of risk factor
emergence and lifestyle changes on subsequent morbidity
and mortality from major chronic diseases.

In 2003, the Nunavik Regional Board of Health and Social
Services (NRBHSS) decided to organize an extensive
health survey in Nunavik in order to verify the evolution of
health status and risk factors in the population. The
NRBHSS and the Ministére de la Santé et des Services
sociaux (MSSS) du Québec entrusted the Institut national
de santé¢ publique du Québec (INSPQ) with planning,
administering and coordinating the survey. The INSPQ
prepared the survey in close collaboration with the Unité de
recherche en santé publique (URSP) of the Centre
hospitalier universitaire de Québec (CHUQ) for the
scientific and logistical component of the survey. The
Institut de la statistique du Québec (ISQ) participated in
methodology development, in particular the survey design.

The general aim of the survey was to gather social and
health information on a set of themes including various
health indicators, physical measurements, and social,
environmental and living conditions, thus permitting a
thorough update of the health and well-being profile of the
Inuit population of Nunavik. The survey was designed to

permit a comparison of the 2004 trends with those
observed in 1992. Data collected in 2004 also allowed
researchers to compare the Inuit to other Quebecers.

Target population

The health survey was conducted among the Inuit
population of Nunavik from August 27 to October 1, 2004.
According to the 2001 Canadian census, the fourteen
communities of Nunavik have a total of 9632 inhabitants,
91% of whom identified themselves as Inuit. The target
population of the survey was permanent residents of
Nunavik, excluding residents of collective dwellings and
households in which there were no Inuit aged 18 years old
or older.

Data collection

Data collection was performed on the Canadian Coast
Guard Ship Amundsen, thanks to a grant obtained from the
Canadian Foundation for Innovation (CFI) and the
Network of Centres of Excellence of Canada (ArcticNet).
The ship visited the fourteen villages of Nunavik, which
are coastal villages. The study was based on self-
administered and interviewer-completed questionnaires.
The study also involved physical and biological
measurements including clinical tests. The survey was
approved by the Comité d’éthique de la recherche de
I’Université Laval (CERUL) and the Comité d’éthique de
santé publique du Québec (CESP). Participation was
voluntary and participants were asked to give their written
consent before completing interviews and clinical tests. A
total of 677 private Inuit households were visited by
interviewers who met the household respondents to
complete the identification chart and the household
questionnaire. A respondent was defined as an Inuit adult
able to provide information regarding every member of the
household. The identification chart allowed demographic
information to be collected on every member of the
household. The household questionnaire served to collect
information on housing, environment, nutrition and certain
health indicators especially regarding young children.

All individuals aged 15 or older belonging to the same
household were invited to meet survey staff a few days
later, on a Canadian Coast Guard ship, to respond to an
interviewer-completed questionnaire (individual
questionnaire) as well as a self-administered confidential
questionnaire. Participants from 18 to 74 years of age were
also asked to complete a food frequency questionnaire and
a 24-hour dietary recall, and to participate in a clinical
session. The individual questionnaire aimed to collect
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general health information on subjects such as health
perceptions, women’s health, living habits and social
support. The confidential questionnaire dealt with more
sensitive issues such as suicide, drugs, violence and
sexuality. During the clinical session, participants were
invited to answer a nurse-completed questionnaire
regarding their health status. Then, participants had a blood
sample taken and physical measurements were performed
including a hearing test, anthropometric measurements, an
oral glucose tolerance test (excluding diabetics) and toenail
sampling. Women from 35 to 74 years of age were invited
to have a bone densitometry test. Finally, participants aged
40 to 74 could have, after consenting, an arteriosclerosis
screening test as well as a continuous measure of cardiac
rhythm for a two-hour period.

Survey sampling and participation

The survey used a stratified random sampling of private
Inuit households. The community was the only
stratification variable used. This stratification allowed a
standard representation of the target population. Among the
677 households visited by the interviewers, 521 agreed to
participate in the survey. The household response rate is
thus 77.8%. The individual response rates are obtained by
multiplying the household participating rate by the
individual collaboration rate since the household and
individual instruments were administered in sequence. The
collaboration rate corresponds to the proportion of eligible
individuals who agreed to participate among the 521
participating households. In this survey, about two thirds of
individuals accepted to participate for a response rate in the
area of 50% for most of the collection instruments used in
the survey. A total of 1056 individuals signed a consent
form and had at least one test or completed one
questionnaire. Among them, 1006 individuals answered the
individual questionnaire, 969 answered the confidential
questionnaire, 925 participated in the clinical session, 821
had a hearing test, 778 answered the food frequency
questionnaire, 664 answered the 24-hour dietary recall, 282
had an arteriosclerosis test, 211 had a continuous measure
of their cardiac rhythm for a two-hour period and 207 had a
bone densitometry test. More details on the data processing
are given in the Methodological Report.

INTRODUCTION!

Human exposure to environmental contaminants is a well-
known phenomenon in the Canadian Arctic. The Inuit of
Nunavik are exposed to a plethora of toxic substances that
are carried from southern to northern latitudes by oceanic
and atmospheric transport and biomagnified in Arctic food
webs. As the Inuit traditional diet comprises large amounts
of tissues from marine mammals, fish and terrestrial wild
game, the Inuit are more exposed to metals and persistent
organic pollutants (POPs) than populations living in
southern regions. Metals of concern include mercury (Hg),
lead (Pb) and cadmium (Cd) and other contaminants of
concern are persistent organic pollutants (POPs).

Mercury is an environmental contaminant originating from
both anthropogenic and natural sources. Despite significant
reduction in mercury emissions in Europe and North
America, mercury levels are still high in the Arctic
(AMAP, 2002b). Although most of the mercury released in
the environment is inorganic or elemental, it can
accumulate in the water where it is transformed into methyl
mercury (MeHg) by microbial action. This highly toxic
form of mercury is accumulated in animal tissues,
especially in the liver and the kidney, and is biomagnified
in the food chain (Hansen & Gilman, 2005). The most
significant sources of human exposure to methyl mercury
are fish and marine mammal consumption (Bjerregaard &
Hansen, 2000; Dewailly et al., 2001; Grandjean et al.,
1992; Hansen & Gilman, 2005; Van Oostdam et al., 2005).
Methyl mercury is known to cross the blood-brain barrier
and the placenta where it accumulates in fetal blood and the
brain (WHO, 1990). Methyl mercury mainly affects the
nervous system and can cause paresthesia, ataxia and
tunnel vision in adults (ATSDR, 1999b). The effects on
fetal brain development are more extensive since neuronal
migration and cell division are affected by methyl mercury
(Castoldi et al., 2001). Acute prenatal exposure may lead to
neuronal lost and result in hyperactive reflexes, deafness,
blindness, cerebral palsy, mental retardation or paralysis.
Low chronic prenatal exposure like that observed in
populations exposed mainly via fish consumption may still
have subtle neurodevelopment consequences (Counter &
Buchanan, 2004). Indeed, prenatal exposure to methyl
mercury is associated with detrimental effects on memory,
attention, language and visual spatial perception that appear

' For ease of readability, the expression “Inuit” is used throughout the

theme paper to define the population under study even though a small
percentage of individuals surveyed identified themselves as non-Inuit.
Refer to “Background of the Health Survey” for further details
regarding the definition of the target population.
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later in childhood (Grandjean et al., 1997) and persist
during adolescence (Debes et al., 2006). Visual information
processing (Saint-Amour et al., 2006) and higher tremor
amplitude (Despres et al., 2005) were shown to be affected
by methyl mercury in preschool-aged Inuit children from
Nunavik. Methyl mercury is also toxic to the kidney, liver,
reproductive organs, and the cardiovascular system
(ATSDR, 1999b).

Most of the lead in the environment comes from
anthropogenic sources and is carried to the Arctic by
atmospheric transport (AMAP, 2002b). It has been clearly
shown that environmental levels of lead have been
decreasing in Arctic regions since the ban of leaded
gasoline (AMAP, 2002b; Van Oostdam et al., 2005).
However, high levels of lead can still be found in Inuit
populations in certain Arctic regions due to the past and/or
present use of lead shots for harvesting wild game (AMAP,
2002b; Dewalilly et al., 2001; Levesque et al., 2003). In
1999, the use of lead cartridges for the hunting of
migratory birds was banned in Canada, and the public
health authorities of Nunavik actively informed the
population about lead (Levesque et al., 2003) in order to
reduce lead shot use and lead exposure. Environmental
exposure to lead can have detrimental neurological effects
in children and adults. Peripheral neuropathies tend to be
more prevalent in adults, although an accelerating decline
in cognitive function was also observed (Weisskopf et al.,
2004). In children, exposure to lead can have irreversible
adverse effects on cognitive, behavioural and fine motor
function. Blood lead concentration in Inuit children from
Nunavik was associated with deficits in several fine motor
tasks (Despres et al., 2005) and correlated positively with
impulsivity and activity (Fraser et al., 2006). Lead can also
cause kidney damage and dysfunction, anemia, intestinal
dysfunction, and reproductive problems (ATSDR, 2005).

Cadmium from both anthropogenic and natural sources is
released in the environment and can accumulate in lichen
and vegetation (Crete et al., 1989; Nash III & Gries, 1995),
which is then eaten by caribou and moose (Robillard et al.,
2002). Cadmium accumulates in the soft tissues rather than
in the muscle or fat and its concentration is typically higher
in the kidney than in the liver (Robillard et al., 2002).
However, studies have shown that human exposure to
cadmium is most often attributable to tobacco smoking.
The maternal cadmium level assessed in populations from
the Canadian Arctic was mainly associated with tobacco
use (Butler Walker et al., 2006). The major health risk
associated with cadmium is nephrotoxicity (WHO, 2004).
Chronic exposure can also cause anemia, disturbed calcium

and vitamin D metabolism, bone loss and cardiovascular
disease (ATSDR, 1999a).

Given the efforts during the past decade to reduce the
global use of metals and POPs and the North Aboriginals’
exposure to them, periodic re-assessments of exposure are
necessary to evaluate the efficiency of implemented
programs and information campaigns (i.e. ban of lead
shots, earlier publicity campaigns, etc.). As several new
compounds sharing properties similar to POPs are entering
the Arctic environment and its food webs, it is of prime
importance to assess their levels among the Inuit in order to
provide up-to-date information to the population and to
offer effective and viable public health advice that is
respectful of the Inuits’ traditional lifestyle.

METHODOLOGICAL ASPECTS

Based on this background perspective, one of the research
themes in the Nunavik Inuit Health Survey 2004 addressed
the following objectives: 1) to assess changes in
contaminant exposure among the Inuit of Nunavik during
the past decade by updating information available on
contaminant levels by measuring levels in adult blood in
the 2004 Nunavik Inuit Health Survey, and by comparing
this information with data collected in 1992 in the Santé
Québec survey; 2) to begin monitoring the emerging
contaminants of concern in northern regions. In this theme
paper, only results pertaining to metal exposure assessment
are presented. Assessment of persistent organic pollutants
(POPs) and new halogenated hydrocarbon concentrations
such as PBDEs, PFOS, hydroxy-PCBs, methyl-sulfone
PCBs and chlorophenols was planned in the framework of
the 2004 Nunavik Inuit Health Survey and is still in
progress at the human toxicology laboratory of the Institut
national de santé publique du Québec. Laboratory methods
and results for these contaminants will be presented in a
separated thematic leaflet on POPs exposure.

/ Laboratory methodology for metals

Laboratory analysis for contaminants was performed at the
human toxicology laboratory of the Institut national de
sant¢ publique du Québec (INSPQ). In 1992, blood
mercury concentrations were determined by cold vapour
atomic absorption spectrometry. This analytic method has a
detection limit of 1 nmol/L. Blood lead and cadmium
concentrations were measured by atomic absorption
spectrometry. Detection limits were 0.05 pmol/L for lead
and 0.2 pg/L for cadmium. For the 2004 Nunavik Inuit
Health Survey, blood mercury, lead and cadmium
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concentrations were measured by ICP-MS (Inductively
coupled plasma mass spectrometry) and detection limits
were 0.5 nmol/L, 0.001 pmol/L and 0.4 nmol/L,
respectively.

/ Consumption of traditional/country food

Data on food and nutrient intakes was obtained using a
food frequency questionnaire and a 24-hour dietary recall.
The food frequency questionnaire was administered to
women and men. It measured their consumption of
traditional/country food for all four seasons during the year
before the survey. Traditional/country food refers to food
items derived from fishing and hunting.

/ Statistical analysis

Descriptive statistics were performed in order to present
plasma concentrations of metal concentrations in whole
blood. Analyses of variance were used to assess metal
concentrations according to gender, age category, ethnicity,
coastal region, tobacco consumption, consumption of
marine mammals, fish, caribou and game birds. Statistical
analyses for comparisons have been conducted at a
threshold of a=0.05. It should also be noted that the
Nunavik territory has been divided in two regions because
place of residence could influence life habits. The Hudson
coast includes the villages of Kuujjuarapik, Umiujaq,
Inukjuak, Puvirnituq, Akulivik, Ivujivik and Salluit while
the Ungava coast includes Kangigsujuaq, Quaqtaq,
Kangirsuk, = Aupaluk,  Tasiujaq, = Kuujjuaq  and
Kangiqgsualujjuagq.

Some comparisons have been made with results obtained
during the 1992 Santé Québec survey where the questions
asked are comparable. The variation in metal levels
between 1992 and 2004, stratified according to gender, age
category, coastal region and tobacco consumption was
compared using analysis of variance models adjusted for
age and survey design. The Wald chi-square statistic with
Satterthwaite correction for degrees of freedom (Aguirre-
Torres, 1994) was used for this model.

RESULTS

Descriptive statistics for the blood concentrations of
cadmium, mercury and lead detected among the Inuit adult
population aged 18 to 74 during the 1992 Santé Québec
survey and the 2004 Nunavik Inuit Health Survey are
presented in Table A1 (Appendix). Statistically significant
declines (p < 0.001) in blood levels for the three metals are

observed between 1992 and 2004. Blood lead concentration
shows a two-fold decrease over the 12 year period.
Nevertheless, 36%, 9% and 28% of individuals have blood
concentrations exceeding the acceptable level set by Health
Canada for cadmium, lead and mercury, respectively (data
not shown). Similarly, 35%, 2% and 72% of women of
childbearing age have cadmium, lead and mercury
concentrations that are also above Health Canada’s
recommended blood level (data not shown).

Tables A2, A3 and A4 (Appendix) show the 1992 and 2004
mean blood concentrations of metals stratified for gender,
age and coastal region, respectively. Significant decreases
in mean metal concentrations have occurred in both
genders between the two surveys (Table A2, Appendix). In
2004, mean blood mercury levels were significantly higher
in women than in men, whereas mean lead levels were
higher in men. Cadmium concentrations did not vary
significantly according to gender. Metal concentrations
decreased for all age categories between 1992 and 2004,
except for cadmium concentrations in adults aged 18 to 24,
who show the highest level (Table A3, Appendix). Adults
aged 45 to 74 have significantly higher levels (p < 0.001)
of mercury and lead than younger adults. Non-natives show
significantly lower blood concentrations of metals
compared to Inuit (p < 0.001, data not shown). A
significant decrease in metal levels occurred in
communities along Hudson coast and Ungava coast during
the 12-year period (Table A4, Appendix). In 2004, mean
cadmium and mercury concentrations were significantly
higher in communities along Hudson coast (p < 0.001), but
no difference was observed between the two regions for
blood lead concentration (p = 0.187).

Potential associations between metal blood concentrations,
tobacco smoking, traditional food consumption and hunting
frequency are presented in Tables A5, A6, A7 and A8
(Appendix). In 2004, mean blood cadmium concentrations
in smokers were six times higher compared with ex-
smokers and non-smokers (p<0.001), whereas no
difference in individual lead concentrations appeared
according to smoking status (p < 0.778). Since 1992, there
has been a significant decrease in cadmium and lead blood
levels (p < 0.01) among smokers, ex-smokers and
non-smokers (Table A5, Appendix), with a stronger
decrease in cadmium concentrations observed in non-
smokers and ex-smokers compared to smokers.
Consumption of marine mammals is not associated with
cadmium blood levels in simple regression analysis (data
not shown). Mercury concentration increased significantly
with quartiles of annual consumption of marine mammals
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meat (p < 0.001) and fish (p < 0.001) (Table A6,
Appendix). Similarly, blood lead levels increased slightly
with quartiles of game birds annual consumption,
(p <0.001) (Table A7, Appendix) and with frequency of
hunting practice (p < 0.001) (Table A8, Appendix).

DISCUSSION

/7 Mercury

In 2004, mean blood mercury levels remained higher than
the reference levels for the population of Quebec (reference
levels of <0.1-16 nmol/L) (Leblanc et al., 2004), but they
were lower than the acceptable blood level of 99.7 nmol/L
established by Health Canada for the general adult
population (Health Canada Mercury Issues Task Force,
2004). Nevertheless, the range of observed levels reached a
maximum of 1200 nmol/L. Furthermore, 28% of
individuals from the general population and 72% of women
of reproductive age were above the recommended blood
level. More specifically, average blood mercury level was
higher in women than in men. Associations between
mercury and gender observed in other studies are
inconsistent and vary in different populations (Dewailly et
al., 2001; Dumont et al., 1998; Kosatsky et al., 2000). Also,
mercury blood concentrations were statistically higher in
adults aged 45 to 74 compared with younger adults. This
increasing trend in relation to age probably reflects higher
intake of traditional food among this group. As in other
studies, mercury blood concentrations increased
significantly with quartiles of annual consumption of
mammals (Bjerregaard & Hansen, 2000; Dewailly et al.,
2001; Grandjean et al., 1992) and fish (Cole et al., 2004;
Grandjean et al.,, 1992; Mahaffey & Mergler, 1998).
Evidence for increasing levels of mercury in the Canadian
Arctic is observed in a number of marine birds and
mammals (AMAP, 2002a). However, human blood levels
do not follow this increasing trend and show a decrease of
30%, which could be attributable to changes in dietary
habits. Interestingly, a similar decrease has also been
observed in newborns with significantly lower levels in the
years 1998 and 2000 (Dallaire et al., 2003). These
decreasing blood mercury concentrations could result from
the promotion of less contaminated food (like Arctic char)
in the Arctic (Berti et al., 1998) or from the decrease in
traditional food consumption (and the consequent shift to a
non-traditional, westernized diet). Over the last decade, the
Nunavik Health Board had emitted, at various occasions,
recommendations to restrict mercury exposure during
pregnancy. An analysis of participants’ n-3 fatty acid

concentrations derived from marine mammal and fish
consumption and the food frequency questionnaire from
the 2004 Nunavik Inuit Health Survey will help to clarify
this question. Therefore, despite the observed decrease,
mercury body burden in this population is still of concern
and international efforts to reduce global mercury emission
should be maintained and strengthened.

/7 Lead

Levels of lead in 2004 were within the reference values
(0.04-0.32 pmol/L) for the general population of southern
Quebec (Leblanc et al., 2004). Mean blood lead levels in
2004 (0.19 pmol/L) were lower than the blood level
recommended by Health Canada, which is 0.48 umol/L
(Health Canada, 1994; Van OQOostdam et al., 2005).
However, almost 10% of individuals and 2% of women of
childbearing age were still over this level, with a maximum
observed blood concentration of 2.4 umol/L. The average
lead level was higher in men and in adults aged 45 to 74, as
reported in other studies (Bjerregaard & Hansen, 2000;
Bjerregaard et al., 2004; Chu et al., 1999; Dewailly et al.,
2001; Ducoffre et al., 1990). Similarly, blood lead levels
increased slightly with quartiles of annual game bird
consumption and hunting frequency, which is consistent
with other studies (Bjerregaard et al., 2004; Dewailly et al.,
2001; Hanning et al., 2003; Kosatsky et al., 2001).
However, many studies have also shown an association
between blood lead levels and smoking (Dewailly et al.,
2001; Grandjean et al, 1992; Levesque et al., 2003;
Rhainds et al., 1999), but this association could not be
observed in the current study, thus suggesting that smoking
does not represent a major source of lead exposure in the
Nunavik population and that dietary intake of game birds
and hunting activities represent a significant but small
source of exposure to lead. Blood lead concentration shows
a twofold decrease over the 12-year period. This decreasing
trend has also been observed in Nunavik newborns’ cord
blood, with markedly lower concentrations in 1999
(Dallaire et al., 2003). Therefore, the strong decrease in
lead levels in adults and newborns may be due to the ban
on lead shots for hunting implemented by the Public Health
Directorate in 1998 (Levesque et al., 2003). In an effort to
reduce exposure the public health authorities of Nunavik
also actively informed the population about the toxic
effects of lead from ammunition on children’s health
(Levesque et al., 2003).
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7 Cadmium

Levels of blood cadmium observed in Nunavik in 2004
were within the reference values for the general population
of Quebec (1.8-55 nmol/L) (Leblanc et al., 2004). Health
Canada recommended a blood concentration below 44.5
nmol/L (INAC, 2003). In 2004, the mean cadmium levels
observed (26.6 nmol/L) were below this value, but as with
mercury and lead, one-third of individuals and women of
childbearing age remained above the recommended blood
concentration (maximum of 130 nmol/L). Concentrations
did not vary according to gender, as was observed in other
studies (Benedetti et al., 1999; Rey et al., 1997). Decreases
in blood cadmium were observed in age groups over 25,
but cadmium concentrations in adults aged 18 to 24 did not
change from 1992 to 2004 and this group showed the
highest levels. Blood cadmium levels showed a 23%
decrease between 1992 and 2004. It is unlikely that
decreases in blood cadmium can be attributed to dietary
shifts, since smoking was found to be the main source of
cadmium exposure in Nunavik (Benedetti et al., 1994; Rey
et al., 1997) and the association of cadmium with smoking
status has been observed in numerous other studies
(Benedetti et al.,, 1992; Butler Walker et al., 2006;
Levesque et al., 2003). In support to this, we observed that
consumption of marine mammals was not associated with
cadmium blood levels in simple regression analysis (data
not shown). The decrease in cadmium blood levels could
be partially explained by a decrease in the cadmium
content of cigarettes sold in Canada. Indeed, blood
cadmium among Quebec City smokers was 46 nmol/L in
1994 (Benedetti et al., 1994) and 10 nmol/L in 2001
(Leblanc et al., 2004), which represents a decrease of 80%.
A sound evaluation of smoking habits considering gender
and age differences, the age when people started smoking,
numbers of cigarette smoked per day, cigarette brands and
exposure to second-hand smoke, is needed to better explain
changes (or the absence of changes) in blood levels of
cadmium. As far as we know, the smoking rate did not
decrease significantly in Nunavik and this public health
issue deserves more attention, especially in younger age
groups and women of reproductive age considering the
adverse effects of tobacco smoking on the developing
fetus.

CONCLUSION

These encouraging results clearly demonstrate that
implementation of public health campaigns such as the ban
of lead cartridges may reduce Inuit exposure to metals and

consequently, possible health effects. The continued high
levels of cadmium require more active and coordinated
public health interventions against tobacco use in order to
decrease cadmium exposure and to prevent health risks
including lung cancer, cardiovascular disease and
childhood asthma. In terms of mercury, the cause of the
observed lower levels is not clearly defined and will be
clarified with further analysis of the traditional food
consumption measurements conducted in the framework of
the 2004 Nunavik Inuit Health Survey. Nevertheless, a
significant proportion of individuals still have blood
concentrations above the level recommended by Health
Canada. Promoting the consumption of less contaminated
fish species should continue, particularly for pregnant
women and women of childbearing age.

KEY ISSUES

/ Trend since 1992

L Between 1992 and 2004 significant decreases in the
mean blood level concentrations for the three metals
were observed.

/ Mercury

% In 2004, mean blood mercury levels remained higher
than the reference levels for the population of Quebec,
but they were lower than the acceptable blood level
established by Health Canada for the general adult
population. Nevertheless, 28% of individuals from the
general population and 72% of women of childbearing
age were above the recommended blood level.

%  Average blood mercury level was higher in women
than in men.

& Mercury blood concentrations were statistically higher
in adults aged 45 to 74 compared with younger adults.
This increasing trend in relation to age probably
reflects a higher intake of traditional food.

Lead

AN

L Levels of lead in 2004 were within the reference
values for the general population of southern Quebec.
Mean blood lead levels in 2004 were lower than the
blood level recommended by Health Canada.
However, close to 10% of individuals and 2% of
women of childbearing age were above this level.

%  The average lead level was higher in men and adults
aged 45 to 74, as reported in other studies.
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U  Smoking does not represent a major source of lead
exposure in the Nunavik population and dietary intake
of game birds and hunting activities represent
significant but small sources of exposure to lead.

/7 Cadmium

& Levels of blood cadmium observed in Nunavik in 2004
were within the reference values for the general
population of Quebec.

Y In 2004, the mean cadmium levels observed were
below the cadmium blood concentration recommended
by Health Canada, but one third of individuals and
women of childbearing age remained above the
recommended blood concentration.

% Decreases in blood cadmium were observed in age
groups above the age of 25, but cadmium
concentrations in adults aged 18 to 24 did not change
from 1992 to 2004 and this group showed the highest
levels.

% As in numerous other studies, an association between
cadmium and smoking status has been observed.

& Consumption of marine mammals is not associated
with cadmium blood levels in simple regression
analysis.
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APPENDIX

Table Al
Average blood levels for metals, population aged 18 to 74 years, Nunavik, 1992 and 2004

1992 2004
g 8 g 8 . g 8 . g 8 .
Q o o Q o O < = O O S o
Contaminant £ S& = g L=z~ g S =~ g Lz~
2 22% 2 E22%F £ 2% 2 223 £
3 ECE = ESE 2 ESE = £ E g :
o S o S k5] o S o S =) R =
£ =58 § =3t E =S58 5§ =5& Z : 3
= < K E & G} KEES = g SKEE ¢] KEE = p= N
(Cn?gg}}f)n 493 451 (42.5-47.6) 332 (307-359) | 917 366 (35.1-38.1) 266 (25.0-282)* 14 1300  100,0
Mercury
(amolL) 492 1038 (96.6-110.9) 748  (69.2-80.9) | 917  86.0 (80.0-91.9) 512 (47.9-54.7)* 04 12000  99.8
(Ljri‘ll/m 493 049 (0.46-0.51) 042 (0.40-044) | 917 025 (0.23-026)  0.19 (0.18-0.20)* 0.028  2.40 100,0

! Percentage of detection; detection limit (DL): Mercury = 0.5 nmol/L, lead = 0.001 umol/L, and cadmium = 0.4 nmol/L.
* Significant variation between health surveys, p < 0.001.
Sources: Nunavik Inuit Health Survey 2004 and Santé Québec survey 1992.

Table A2
Average blood levels for metals according to gender, population aged 18 to 74 years, Nunavik, 1992 and 2004
1992 2004
Contaminant Gender 95% confidence 1 conS;'iS((i)fnce 2
n Mean interval (lower- n Mean . 1 Minimum Maximum  P-value
upper limit) interval (lower-
upper limit)
Cadmium (nmol/L) [Men 209 45.6 (41.5-49.8) 414 37.0 (35.0-39.0)* 2.1 110.0 0.436
Women | 284 44.5 (41.5-47.5) 503 36.1 (34.3-37.9)* 1.4 130.0
Mercury (nmol/L) Men 209 70.3 (62.1-79.6) 414 45.8 (41.5-50.5)* 0.4 1200.0 <0.001
Women | 283 79.9 (74.4-85.8) 503 57.6 (53.7-61.8)* 1.0 820.0
Lead (umol/L) Men 209 0.46 (0.43-0.49) 414 0.22 (0.21-0.24)* 0.044 2.40 <0.001
Women | 284 0.38 (0.35-0.40) 503 0.17 (0.16-0.17)* 0.028 1.50
! Arithmetic mean for cadmium and geometric mean for lead and mercury.
% Significant difference between gender in 2004; based on the Satterthwaite y” test.
* Significant variation between health surveys, p <0.001.
Sources: Nunavik Inuit Health Survey 2004 and Santé Québec survey 1992.
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Table A3
Average blood levels for metals according to age group, population aged 18 to 74 years, Nunavik, 1992 and 2004
1992 2004
Contaminant / 95% confidence 95% confidence
Age group n Mean' interval n Mean' interval Minimum Maximum P-value’
(lower-upper limit) (lower-upper limit)
Metals
Cadmium (nmol/L)
18 to 24 years 107 43.9 (38.8-48.9) 206 45.4 (42.3-48.5) 2.1 110.0 <0.001
25 to 44 years 233 48.1 (44.2-52.0) 471 37.7 (35.5-39.9)* 1.4 110.0
45 to 74 years 153 40.6 (35.3-45.8) 240 26.2 (23.4-28.9)* 2.0 130.0
Women of childbearin
age (18 o 39 years) & 175 46.7 (42.9-50.5) 308 38.1 (36.0-40.3)* 1.4 110.0
Mercury (nmol/L)
18 to 24 years 107 50.6 (43.0-59.7) 206 31.5 (27.7-35.8)* 2.2 820.0 <0.001
25 to 44 years 233 69.2 (62.3-76.7) 471 443 (40.1-48.9)* 0.4 420.0
45 to 74 years 152 1359 (120.2-153.6) 240  106.6 (96.1-118.2)** 4.6 1200.0
Women of childbearin
age (18 o 39 years) & 175 64.5 (59.2-70.3) 308 41.7 (38.2-45.6)* 1.0 820.0
Lead (umol/L)
18 to 24 years 107 0.31 (0.28-0.34) 206 0.14 (0.13-0.15)* 0.033 0.8 <0.001
25 to 44 years 233 0.43 (0.40-0.46) 471 0.19 (0.17-0.20)* 0.028 24
45 to 74 years 153 0.56 (0.52-0.60) 240 0.29 (0.27-0.31)* 0.039 1.5
Women of childbearin
age (18 to 39 years) & 175 0.33 (0.31-0.36) 308 0.13 (0.12-0.14)* 0.028 1.0

! Arithmetic mean for cadmium and geometric mean for lead and mercury.
% Variation with age in 2004; based on the Satterthwaite 5 test.

* Significant variation between health surveys, p <0.001.

** Significant variation between health surveys, p < 0.01.

Sources: Nunavik Inuit Health Survey 2004 and Santé Québec survey 1992.

Table A4
Average blood levels for metals according to coastal region, population aged 18 to 74 years, Nunavik, 1992 and 2004
1992 2004
gg::::?il:ag?(: 1: 95% confidence 95% confidence . ) )
n Mean interval n Mean interval Minimum  Maximum P-value
(lower-upper limit) (lower-upper limit)

Cadmium (nmol/L)
Hudson 274 48.4 (44.9-52.0) 497 39.5 (37.4-41.5)* 2.0 110.0 <0.001
Ungava 219 40.2 (36.7-43.8) 420 32.8 (30.5-35.1)* 1.4 130.0

Mercury (nmol/L)
Hudson 274 93.1 (84.2-102.8) 497 58.7 (53.1-64.8)* 0.4 1200.0 <0.001
Ungava 218 54.6 (48.4-61.6) 420 42.8 (38.9-47.1)* 1.0 520.0

Lead (umol/L)
Hudson 274 0.48 (0.44-0.51) 497 0.20 (0.19-0.21)* 0.036 24 0.187
Ungava 219 0.35 (0.33-0.37) 420 0.19 (0.18-0.20)** 0.028 1.4

! Arithmetic mean for cadmium and geometric mean for lead and mercury.

% Variation between coastal regions in 2004; based on the Satterthwaite y test.
* Significant variation between health surveys, p < 0.001.

** Significant variation between health surveys, p <0.01.

Sources: Nunavik Inuit Health Survey and Santé Québec survey 1992.
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Table A5

Average blood cadmium and lead levels according to tobacco use, population aged 18 to 74 years, Nunavik, 1992 and 2004

1992 2004
gr(::)tl?el:ilslta;t:/s . 95% confidence . 95% confidence » ] 5
n Mean interval n Mean interval Minimum  Maximum  P-value
(lower-upper limit) (lower-upper limit)

Metals

Cadmium (nmol/L)
Smoker 312 56.6 (53.9-59.3) 663 45.1 (43.4-46.7)* 32 130.0 <0.001
Ex-smoker 79 15.2 (12.2-18.3) 119 7.6 (6.8-8.4)* 2.0 23.0
Non-smoker 42 8.9 (6.7-11.0) 76 5.9 (5.2-6.7)** 1.4 22.0

Lead (umol/L)
Smoker 312 0.43 (0.40-0.45) 663 0.19 (0.18-0.20)* 0.028 1.40 0.778
Ex-smoker 79 0.40 (0.36-0.45) 119 0.19 (0.17-0.21)* 0.044 2.40
Non-smoker 42 0.32 (0.27-0.38) 76 0.18 (0.16-0.21)* 0.033 1.00

! Arithmetic mean for cadmium and geometric mean for lead and mercury.

% Variation with smoker status in 2004; based on the Satterthwaite y test.

* Significant variation between health surveys, p < 0.001.
** Significant variation between health surveys, p= 0.01.

Sources: Nunavik Inuit Health Survey 2004 and Santé Québec survey 1992.

Table A6

Average blood mercury levels according to quartile of consumption of marine mammal meat and country fish (gr/day, annual),
population aged 18 to 74 years, Nunavik, 2004

Mercury (nmol/L)
Geometric 95% confidence
n interval Minimum Maximum  P-value'
mean -
(lower-upper limit)
Consumption of marine mammals meat
(quartiles)
Low (0-25%) 179 28.0 (23.8-33.1) 1.0 520.0 <0.001
Low-Moderate (25-50%) 204 44.6 (39.1-50.9) 1.8 460.0
High-Moderate (50-75%) 193 66.5 (58.0-76.4) 32 1200.0
High (75-100%) 192 80.1 (70.9-90.5) 3.0 760.0
Consumption of country fish
(quartiles)
Low (0-25%) 191 35.7 (30.4-41.8) 1.0 820.0 <0.001
Low-Moderate (25-50%) 192 49.0 (42.3-56.7) 1.0 760.0
High-Moderate (50-75%) 192 56.8 (48.0-67.1) 1.1 1200.0
High (75-100%) 194 69.3 (60.7-79.0) 5.10 720.0

! Based on the Satterthwaite y? test.
Source: Nunavik Inuit Health Survey 2004.
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Table A7
Average blood lead levels according to quartile of consumption of game birds (gr/day, annual), population aged 18 to 74 years,
Nunavik, 2004

Lead (umol/L)
Geometric 95% confidence
n interval Minimum Maximum P-value'
mean -
(lower-upper limit)
Consumption of game birds (quartiles)
Low (0-25%) 188 0.16 (0.14-0.18) 0.033 2.40 <0.001
Low-Moderate (25-50%) 192 0.19 (0.18-0.21) 0.032 1.40
High-Moderate (50-75%) 195 0.21 (0.20-0.23) 0.040 1.40
High (75-100%) 194 0.21 (0.19-0.24) 0.046 1.20

! Based on the Satterthwaite y? test.
Source: Nunavik Inuit Health Survey 2004.

Table A8
Average blood lead levels according to hunting frequency, population aged 18 to 74 years, Nunavik, 2004

Lead (umol/L)
Geometric 95% confidence
n interval Minimum Maximum P-value'
mean ..
(lower-upper limit)
Hunting frequency (Spring) >
Never 230 0.17 (0.16-0.19) 0.028 1.00 <0.001
Less than once a month 80 0.15 (0.13-0.17) 0.045 0.59
1 to 3 days a month 153 0.19 (0.17-0.21) 0.047 1.40
1 to 3 days a week 212 0.20 (0.18-0.22) 0.033 2.40
4 or more days week 180 0.22 (0.20-0.25) 0.044 1.50
! Based on the Satterthwaite y test.
% Same associations for the other seasons.
Source: Nunavik Inuit Health Survey 2004.
Institut national de santé publique du Québec 13

Nunavik Regional Board of Health and Social Services/
Régie régionale de la santé et des services sociaux du Nunavik









b o ASAC?
Qanuippitaa?
HOW ARE WE?




	QANUIPPITAA? HOW ARE WE? EXPOSURE TO ENVIRONMENTAL CONTAMINANTS IN NUNAVIK: METALS
	AUTHORS
	BACKGROUND OF THE NUNAVIK INUIT HEALTH SURVEY
	INTRODUCTION
	METHODOLOGICAL ASPECTS
	Laboratory methodology for metals
	Consumption of tradional/country food
	Statistical analysis

	RESULTS
	DISCUSSION
	Mercury
	Lead
	Cadmium

	CONCLUSION
	KEY ISSUES
	Trend since 1992
	Mercury
	Lead
	Cadmium

	ACKNOWLEDGEMENTS
	REFERENCES
	APPENDIX


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




