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Abstract
Background: Preceding research has identified areas of environmental contamination,
particularly heavy metals such as Cadmium, on certain First Nations reserves in New Brunswick.
Method: In this study, areas of environmental contamination with dioxins were mapped
according to the highways, power lines and railways of New Brunswick. Health histories and
health screening of a convenience sample of First Nations people residing on reserves where the
land has been contaminated were compared to those of a sample of First Nations people residing
on reserves where environmental contamination is not known, along with their screening results
for Blood Pressure, Blood Glucose, and BMI and Cholesterol levels. Frozen traditional foods
were gathered from each community and tested for trace metals, dioxins and furans.
Results: Elevated levels of trace metals and the presence of organochlorines or Persistent
Organic Pollutants were found not only on food from reserves previously known to have
environmental contamination but also from reserves where such environmental contamination
was previously unknown. There was a significant difference in the levels of obesity and
gastrointestinal disturbances between those from known contaminants land and those where
environmental contamination had not previously been known. There was a tendency to a
difference in the prevalence of cancer among those in the known contaminant group and overall,
9.8% of the sample had been diagnosed with Cancer. As well, rates of diabetes type 2 were
26.5% in this whole sample with elevated risk of cardiovascular disease and other health
problems.
Conclusions: There have been significant levels of morbidity associated with the environmental
contamination of the land of First Nations peoples in New Brunswick which are more widespread
than previously known.
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Mapping of the contaminants affecting the health of First Nations in New
Brunswick
Identifying roads, railways and transmission lines that were sprayed with chemicals
contaminated by dioxins in the province of New Brunswick
The purpose of this study was to identify the roads, railways and power transmission lines
in New Brunswick that were sprayed with herbicides/defoliants containing dioxins. This report
does not attempt to define: (a) the level, if any, of dioxin that currently exists in areas
immediately adjacent to these features, nor (b) the actual area surrounding the features that would
have been sprayed – since the intent of the spray program was to control vegetation growth
at/near the features, a corridor surrounding the features would have been sprayed. This report also
does not attempt to identify the roads, railways, transmission lines that may have been treated
with chemicals not containing dioxin like compounds even if they are still considered to be an
environmental pollutant, health hazard, etc.
The term dioxins commonly refer to a class of highly toxic compounds that are
environmental pollutants and persistent organic pollutants (see for example,
http://en.wikipedia.org/wiki/Dioxins_and_dioxin-like_compounds,
http://www.niehs.nih.gov/health/topics/agents/dioxins/index.cfm, etc.). Dioxins are formed
during combustion processes as well as during some industrial processes such as paper pulp
bleaching and herbicide manufacturing. The most toxic chemical in the dioxins class is 2,3,7,8tetrachlorodibenzo-para-dioxin (TCDD). For this report, the term dioxin will be used to refer to
the chemical TCDD. It is interesting to note that according to several online sources (for
example, http://www.thestar.com/News/article/256393#article), herbicide/defoliants containing
dioxins were used world-wide by many utility, forestry and railway companies in the 50s, 60s
and 70s.
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This report will first examine the use of defoliants/herbicides containing dioxin by New
Brunswick’s energy utility company including the time period in which it was used and the
specific transmission lines that were sprayed. This report will then examine the use of
defoliants/herbicides containing dioxin by railway operations in the province and by the
province’s transportation agency.
It should be noted that the names and/or departments responsible for utility and
transportation in New Brunswick have changed over time. For example, New Brunswick’s
electric utility company now known as NB Power was formerly called New Brunswick Power
Corporation and New Brunswick Electric Power Commission. During the time chemical
herbicides were used to control vegetation along transmission lines, the utility company was
known as New Brunswick Electric Power Commission. For simplicity, the current names of the
transportation agency (NB Department of Transportation (NB DOT) and the electric utility (NB
Power)) will be used in this report.

NB Power
Between 1955 and 1964, NB Power used a herbicide that contained dioxin to spray its
high voltage transmission lines. The herbicide was called Brushkill and it was used by NB Power
as a means for controlling vegetation growth along its main lines. In 1965, the corporation began
to use a combination of Tordon 101 and Brushkill. In 1966, the corporation used Tordon 101
exclusively. This chemical was used until 1972, at which time NB Power stopped using chemical
herbicides for vegetation control.
The chemical makeup of Brushkill consists of 2,4,5-Trichlorophenoxyacetic Acid (2,4,5T) and Dichlorophenoxyacetic Acid (2,4-D) which were combined equally in water. While 2,4,5T itself is only moderately toxic, the manufacturing process for 2,4,5-T contaminates this
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chemical with trace amounts of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). During the 50's and
early 60's, the risks associated with TCDD were not well understood and production facilities such as the ones used to produce Brushkill - lacked the proper mechanisms to keep TCDD levels
to a minimum. For information on the relationship between 2,4-D / 2,4,5-T and TCDD, refer to
Wikipedia’s online reference for herbicide (http://en.wikipedia.org/wiki/Herbicide) and/or the
Canadian Department of National Defence’s online document “The Use of Herbicides at CFB
Gagetown” (http://www.dnd.ca/site/reports-rapports/defoliant/hinfo2-eng.asp)
Also, according to the above references, individual batches of 2,4,5-T were later tested to
determine levels of dioxin. According to the information in Wikipedia, some batches were found
to have as much as 60 ppm of TCDD. According to the DND online document, a study
conducted by Stellman et al. (2003) suggests that a realistic number for how much TCDD was in
the herbicide is 13 ppm. (Stellman, Stellman, Christian, Weber, & Tomasallo, 2003). It should be
noted that the Maximum Contaminant Level set by the US EPA for drinking water is 0.00003
parts per billion (ppb) (http://www.epa.gov/ogwdw000/contaminants/dw_contamfs/dioxin.html).

Relationship between Brushkill and Agent Orange:
Since Brushkill has the same chemical makeup as Agent Orange, some reports state that
NB Power used Agent Orange to spray its transmission lines (for example,
http://www.thismagazine.ca/issues/2006/03/collateral.php). Agent Orange was a code name for a
herbicide and defoliant that was used by US military during the Vietnam War and was one of the
herbicide/defoliants tested at Canadian Forces Base (CFB) Gagetown.
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Tordon 101:
It is most likely that the Tordon 101 product, produced by Dow Chemicals, and used by
NB Power between 1965 and 1972, was the same product as the Tordon 101 used in CFB
Gagetown during this period (also produced by Dow Chemicals). According to the Agent Orange
Association of Canada, Inc., Tordon 101 is approximately a 4:1 mixture of 2,4-D and Picloram
and the Tordon 101 produced in the 1960s and 1970s did contain dioxin but was heavily
contaminated with hexachlorobenzene (HCB) (http://www.agentorangecanada.com/hcb.php).
Since the scope of this study was to examine transmission lines sprayed by herbicides
contaminated by dioxins, this study focuses on the power lines that were sprayed during the
period 1955 to 1964. That is, the lines that were sprayed using the herbicide Brushkill which
contained dioxin (TCDD).

Creating the map:

Figure 1 (p. 20) shows the high voltage transmission lines that were sprayed from 19551964 and Table 1 contains a list of the total kilometres of line sprayed for each year during this
period. Figure 1 was derived using information contained in the New Brunswick Provincial
Archives, NB Power annual reports and Service New Brunswick’s Digital Topographical
Database 1996 (SNB DTDB96).
NB Power’s annual reports contain a map of the province showing all transmission lines
that existed in that year. The information in the provincial archives contained the name of the
high voltage transmission lines that were sprayed, the year(s) that the lines were sprayed and the
amount of line that was actually sprayed. Much of the information – that is, information related to
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the use of dioxin contaminated sprays by NB Power - was compiled by the Sprayers of Dioxin
Association, or SODA, and is in container number 7559.
The SNB DTDB96 is a digital representation of the natural and cultural features of New
Brunswick and this database was released in 1996. Many different types of features are included
in this dataset such as rivers, lakes, railways, roads and transmission lines. This database
consisted of 1894 individual files and a computer program was written to extract transmission
lines from the individual files.
In general, Figure 1 was created using a three step process, namely:
1. information in the provincial archives were used to identify which lines, as shown in the
maps of annual reports, were sprayed;
2. the “sprayed” lines were then compared with the lines in the DTDB96 and the appropriate
lines in the DTDB96 were flagged as sprayed; and
3. the “flagged” lines were then extracted from the DTDB96 to form Figure 1.
Table 1 was derived using information sources in the New Brunswick Provincial Archives
(container 7559) only. Table 1 lists total kilometres of power lines sprayed from 1956 - 1964.
Even though NB Power used dioxin starting in 1955, this study was not able to determine the
number of kilometres sprayed for 1955. The rotation period in this table indicates the frequency
that the lines were to be sprayed. In 1956, this value was set to three years and subsequently
increased due to the effectiveness of the spray. This increase meant that NB Power determined
that it was not necessary to spray the lines as often as the organization had previously surmised.
For example, in Table 1 there is an increase in rotational period from 1958 (4 years) to 1959 (9
years) and a corresponding drop of approximately 240 kilometres sprayed in these years. The
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increase in kilometres sprayed from 1963 to 1964 results from both a 'respray' of lines sprayed in
the 1950s and a first time spray of lines built in the 1960s.
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Table 1: General Summary of Dioxin Use (NB Power 1956 – 1965)
Year
1956
1957
1958
1959
1960
1961
1962
1963
1964

Kilometres Sprayed
679.3
550.3
466.4
226.1
155.6
191.5
183.8
190.9
379.8

Rotational Period (yrs)
3
3
4
9
13
11
14
15
9

It should be noted that, in most cases, an entire line was not sprayed during one year. That is,
transmission lines were typically sprayed over a certain number of years. For example, from the
information in the NB Provincial Archives, it appears that a transmission line referenced as
Brookville to Moncton was sprayed between the years 1956, 1957 and 1958 with 62.8, 40.2 and
4.2 km, respectively, being sprayed in those years.

New Brunswick Department of Transportation (NB DOT)

Similar to NB Power, NB DOT used chemical herbicides and/or defoliants to control
vegetation growth during certain periods in their history. According to their annual reports and as
shown in Table 2, NB DOT used chemicals in their brush and weed control program from 1967 –
1972. Annual Reports between 1955 and 1967 do not explicitly state the methods used for brush
and weed control and, some reports simply state the amount spent on the program. For example,
in 1956 and 1957, approximately $14 000 and $53 000 was used for brush and weed control [NB
DOT 1957 Annual Report]. Recall that NB Power began spraying with Brushkill in 1955. Due to
a New Brunswick cabinet ruling terminating all chemical control of brush in the province, NB
DOT did not apply chemical sprays to its highways from 1973 – 1976.
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Table 2: NB DOT Summary of Brush and Weed Control Program in 1967 - 1972 Annual
Reports
Annual
Km of Highways
Km of Highways cut using
Cost
Report
Sprayed
mechanical/manual methods
1967-1968
1770 km
258 km
Not provided
1968-1969
2092 km
Not provided
1969-1970
2092 km
805 km
Not provided
1970-1971
3755 km
3254 km
Not provided
1971-1972
3602 km
2414 km
Not provided
1972-1973
5,600 acres *
$96 559
* this figure would represent the total area sprayed; the area sprayed would most likely
encompass highway embankments and (some or all of) right of ways.
Several efforts were made to determine the herbicide/defoliant that NB DOT used
including searching historical government documents, the province’s provincial archives, and
submitting a request for information to the NB DOT minister. Unfortunately, none of these
efforts were able to establish the chemical used and according to the response from the Minister,
NB DOT does not have any records regarding chemical herbicides that were applied in the 1960s
and early 1970s. This means that this study can neither confirm nor deny the use of contaminated
herbicides/defoliants by NB DOT – that is, this study can not explicitly state whether or not NB
DOT used a herbicide/defoliant that was contaminated by dioxins or other environmental
pollutants with associated health hazards, etc.
From the information gathered during this study - such as the use of Brushkill and Tordon
101 by NB Power - and the herbicides/defoliants tested at Canadian Forces Base Gagetown, it is
quite possible that NB DOT used a similar and/or identical herbicide as the above organizations
during the 1960s and/or early 1970s.
Figure 2 (p.21) shows a map of NB highways that is available from the NB DOT website
(http://www.gnb.ca/0113/maps/maps-e.asp). Most of the highways shown on these maps existed
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in the 1960s and 1970s with a few exceptions (e.g., Highway 7). Also, for the most part, the “new
4 lane” route 2 follows a similar route as the “old 2 lane” route 2.

Railway Operations in New Brunswick

As referenced in the introduction of this report, the Canadian Press published an article
that reported that railway companies used herbicides containing dioxin in the 1950s, 1960s and
1970s both in Canada and around the world. As in the case with NB Power, news reports state
that railway operations in the province used Agent Orange. For example in an article published in
the Canadian Press, David Coon (New Brunswick Conservation Council) stated the following
regarding use of herbicides containing dioxin in the province, “"Power lines were sprayed,
railroad rights-of-way got sprayed …”
[http://www.ctv.ca/servlet/ArticleNews/story/CTVNews/1118714088034_46/?hub=Canada].
Also according to an article published in THIS MAGAZINE, Canadian National Rail sprayed
much of the province’s track with Agent Orange
[http://www.thismagazine.ca/issues/2006/03/collateral.php].
This study, however, was not able to obtain any government records, annual reports, etc.
that explicitly stated that a specific railway company applied chemical sprays to its tracks and
embankments in the province. For this reason, this study cannot unequivocally confirm the use of
chemical sprays containing dioxin by one or more railway companies, operating in the province
between 1950 and 1980. Also, the articles referenced above did not explicitly state a time period
in which the chemical sprays were applied. This means that it can only be speculated that railway
operations would have sprayed its tracks, embankments during the time period that chemical
herbicides were used by NB Power and NB DOT.
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Since it is highly plausible that chemical sprays containing dioxin were applied by
railway companies (as stated by David Coon, Executive Director of CCNB – see above) and it is
most likely that these companies sprayed their holdings in the early 1970s (the same time period
as both NB DOT and NB Power), a map showing active railways in the early 1970s was created
for this project – see Figure 3 (p.22).
This map was created using SNB’s Digital Topographic Database (DTDB96) digital dataset
and a Canada National Atlas Map entitled “Railways and Canals 1971 – Eastern Canada”. For
this study, it is assumed that the active railways shown in the National Atlas map were sprayed
and the abandoned railways were not sprayed. Figure 3 was created using a three step process,
namely:
1. railway features were extracted from the DTDB;
2. the DTDB railway features were compared with railways shown in the National Atlas map;
the DTDB railway features that existed in Canadian Atlas map and shown as active in the
atlas map were flagged as “in use”; and
3. all “in use” railway features were extracted from the DTDB to form Figure 3.
Figure 4 (p. 23) shows an extract of the National Atlas map mentioned above.
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Figure 1: High Voltage Transmission Line Right of Ways Sprayed with Herbicide containing
Dioxin (1955 - 1964)
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Figure 2: NB Highways
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Figure 3: NB Railway Network - Early 1970s
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Figure 4: Extract of the National Atlas Map “Railways and Canals 1971 – Eastern Canada”

24

Environmental contaminants and human health

25

ENVIRONMENTAL CONTAMINANTS AND FIRST NATIONS’ HEALTH
IN NEW BRUNSWICK
Introduction
It is in relationships with the land, with the places where we have lived
for generations that we come to understand the meaning of spiritual ecology.
We understand it through our celebrations, the celebrations of our “old”
people, the celebrations in which we share food and ourselves with each other.
After the harvest, we feast and share with one another those things that are
important and that give us life and generate love in our communities and
our families (Cajete, 2000, p.186).

Cajete identified the intimate relationship between the land, the food and celebrations of the
people and the cultural ceremonies that sustain the community of First Nations people. The
health of the environment and the food gathered from this environment are fundamental to the
physical, social, cultural and spiritual health of the Indigenous peoples of New Brunswick, the
Mi’kmaq and Malecite First Nations, known as the People of the Eastern Woodlands (Archibald,
2006). Both of these tribes have been stewards of the land in Eastern Canada for thousands of
years, managing its resources carefully. Their wealth of knowledge about managing the
ecosystem in New Brunswick arises from observation and interaction with the biological and
social environments. Over the course of colonization and the take-over of the land in New
Brunswick, these traditional territories of the First Nations peoples have been used for mining,
ore processing, pulp mills, and other industrial activities which have contaminated this land.
The purpose of this study is to identify evidence about the effects of environmental
contamination of several reserves in New Brunswick in which First Nations people have been
placed, on the traditional foods eaten by First Nations peoples and on their health and to identify
approaches to the potential health problems that are identified.
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Background
Over the past years, several studies have examined the soil and water for levels of environmental
contaminants on some First Nations and adjoining land. In the project, First Nations
Contaminants Program-Monitoring New Brunswick, major sources of industrial contamination
on some First Nations’ reserves. Previous research has identified major contaminants on First
Nations territories as being: diverse pesticides, dioxins, DDT, chlorine, lead (Pb), cadmium (Cd),
mercury (Hg), arsenic (As) and copper (Cu).
A recently published report "Dying for Development - The Legacy of Lead in Belledune"
(The Conservation Council of New Brunswick) documents the contamination with toxic heavy
metals in the Belledune area, where a lead smelter complex opened in 1966. The authors
(Pilgrim & Hughes, 1994) published the results of lead, cadmium, arsenic and zinc in snow and
grass in the Belledune area and along the railway between Bathurst and Dalhousie (Milewski,
2006). This railway passes through The First Nations reserves and contamination was detected by
First Nations people in the study First Nations Contaminants Program-Monitoring New
Brunswick.
Similar contamination has been detected in the area of the Brunswick mine and
abandoned tailing ponds located nearby. Exposure to lead and other heavy metals is known to
affect the intellectual abilities and behaviors of children and cause blood, kidney and nervous
disorders, along with a number of cancers (Chowdhury & Chandra, 1987). It also causes serious
developmental problems in children. Although the blood sampling (that revealed high
concentration of heavy metals) has been done in the past to determine the effects of lead
poisoning on the Belledune community, the global and long-term consequences of heavy metal
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toxicity on the population could not be estimated from the results of blood samples (Milewski,
2006).
A 2005 provincial health study using the health records of people in Belledune, revealed
that the Belledune community had a high mortality rate and higher morbidity cancer rate
compared to other parts of the province. According to the study's findings, the incidence of oral,
respiratory, prostate, kidney and colorectal cancers were higher in the Belledune area than any
other health region in the province (Milewski, 2006).
Belledune-area residents also had higher non-cancer related mortality and morbidity rates
than the rest of the province. In particular, the mortality rate among males in the Belledune-area
was 40% higher than the rest of the male population in New Brunswick. Eel River Bar and
Pabineau First Nations peoples fish in the Bay of Chaleur that is contaminated by the pollution
from Belledune smelter and by paper mills and other industry Bay of Chaleur and the Rivers that
flow into it. Although the available departmental data on the health of children in this region was
limited, the study found that the rate of childhood cancer and congenital anomalies were double
the expected rate in the province.
The different plant species in Belledune areas showed different absorption rates of toxic
heavy metals. Even though the soil contamination in this area was not very high, some plants
were absorbing lead in such high concentrations that consuming those plants was poisonous in
the long term.
Another source of contamination in New Brunswick came from spraying defoliants, including
Agent Orange, along the roads, railways, and electrical lines by NB Power and the transportation
department of the government of New Brunswick. As well, defoliants were sprayed in Camp
Gagetown, the largest training base in Canada, beginning in 1954 and continuing until 1984. The
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defoliant agent that was used varied but at different times consisted of Agents White, Purple and
Orange. Fixed wing airplanes often carried out the spraying, and several episodes of accidental
spills or spraying accidents occurred during this time. For example, in the 1980s, the Department
of National Defense compensated market gardeners in the Sheffield, New Brunswick area when
strong winds carried the spray over their land and destroyed their crops (DND, 2006).
Over many years, people who lived in the area of Gagetown have expressed their concerns about
the amount of illness among their neighbors and families. Indeed, members of the Oromocto First
Nation who lived within five kilometers of Camp Gagetown during the three years in which
Agent Orange was sprayed and who have been diagnosed with Diabetes Mellitus type 2, have
been compensation by DND.

Objectives
The main objectives of this proposal are:
Short term:

1. To develop the Web based mapping system that will contain information about the
contaminants on the First Nations territories,
2. To analyze the effect of contaminants on the health of First Nations people,
3. To develop maps and warnings (based on the literature survey) about the contaminated
areas,
4. To develop guidelines for harvesting edible plants and wild game on the contaminated
areas,
5. To determine whether the health of First Nations people who live on reserves where
environmental contaminants, particularly lead, mercury, cadmium and dioxins have been
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detected is significantly worse than the health of First Nations people who live on
reserves where there has been no evidence of environmental contamination,
6. To develop a database that First Nations people who have evidence of health effects of
environmental contamination can choose to be included in so that their evidence is
documented in relation to the time and evidence found in this study.
Long Term:
1. The students from First Nations community will be trained in mapping the contaminants
and land use practices on contaminated land.
2. A basic Web-based mapping facility will be established for the First Nations in New
Brunswick that will provide a basis for their own computerized Land Information System
that currently doesn’t exist.
3. First Nations in New Brunswick will have capabilities (via Web-based Geographic
Information System) of informing their wide community of the effects of contamination
on the human health.
4. A reliable and valid survey tool will be developed for use in similar studies in the future.
5. A protocol will be developed for how to follow-up any First Nations people whose health
history as determined through the survey has demonstrated health problems that need to
be followed up medically.

LITERATURE REVIEW

This review of the literature will begin with the relationship of Aboriginals with the
environment and their cultural ways of being. It will focus on the health effects of environmental
contaminants, particularly heavy metals such as lead, mercury, cadmium and arsenic as well as
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organochlorines such as dioxins, PCBs and furans. It will also include research that has been
done in New Brunswick in relation to the presence and potential risks of environmental
contaminants. The literature reviewed has been identified through a search of CINAHL (the
Cumulative Index to Nursing & Allied Health), Medline and the Environment Index databases as
well as websites such as those of the Conservation Council of New Brunswick, The Union of
New Brunswick Indians, the American Environmental Protection Agency and the Government of
Canada.
The essence of most Indigenous peoples’ worldview is founded on the values of reverence
and responsibility for the land and resources, respect for all living things, reciprocity, and the
importance of the collective (Archibald, 2001; Henderson, 2000b; Kassam, 2009). According to
the worldview of Aboriginal peoples, humans do not exist to accumulate wealth and achieve
precedence but rather to respect and care for all other living beings (Battiste, 1998; Pulitano,
2003). Aboriginals are focused on the collective rather than on individuals, and on sharing rather
than acquisition of goods (Henderson, 2000a; Kawagley, 2001).
Both knowledge and language arise out of an Indigenous tribe’s interaction with their
particular location (Battiste, 1998; Cajete, 2000; Foley, 2003; Henderson, 2000a). For example,
the Mi’kmaq call their knowledge of the water and the land where they have lived for hundreds
of years, the realm of the earth (maqmik’wi’kam) (Henderson, 2000a). Their worldview has been
built on their understanding of the particular ecosystem in which they live, from which they
have constructed their language, social order and traditional knowledge (Battiste, 1998;
Henderson, 2000a). Mi’kmaq, Malecite and other Indigenous peoples view historical events in
relation to their location or where they occurred in comparison to Eurocentric views of history as
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linear time related events, i.e. when they occurred (Duran & Duran, 2000; Foley, 2003). This
speaks to the importance of location to the Aboriginal peoples of Atlantic Canada.
Prior to colonization, the Mi’kmaq and Malecite peoples were reported to be a healthy, longliving, nomadic people (O. Dickason, 2002; H. Dobyns, 1983; Dussault, et al., 1996). Mi/kmaq
and Malecite people received the first colonists with kindness helping them to survive the harsh
winters (Archibald, 2006; O. Dickason, 2002; Grzybowski & Allen, 1999) . In return, these
Europeans seized the land, declaring that it now belonged to the European state from which they
had emigrated, and imposed their own system of government (Anderson, 2004; Browne & Fiske,
2001; Hall, 1999).
As the Canadian state evolved, the resources of this land were mined and used in industry,
contributing to development and the economic system of management of the nation. In the
process of accumulation of goods and resources, the health and well-being of the ecosystem were
not safeguarded. As a result, hazardous substances, particularly heavy metals and
organochlorines, released from mines and industries and mills, have accumulated in our
environment, located in the water, soil, air and introduced to humans and other living creatures
through contact with polluted air, soil, water, and food (Kamp & Castanas, 2007; Nickerson,
2005).
Heavy metals
Heavy metals, “are commonly defined as having a specific density of more than 5g/cm3”.
They include lead, mercury, cadmium, and arsenic, elements that occur naturally in the
environment, residing in rocks and soil. They may be released into the air as the rocks are
weathered and eroded (Custer, et al., 2009; Muckle, Ayotte, Dewailly, Jacobson, & Jacobson,
2001). However when heavy metals and organochlorines are released into the atmosphere and
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water ways, from man-made processes, they accumulate in the food chain and in mammals and
particularly in children and other people (Guisi, et al., 2005; Houston, 2007; Jarup, 2003;
Scherer, Tsuchiya, Younglove, Burbacher, & Faustman, 2008), influencing the quality of their
lives and health through effects that have been documented on the respiratory, gastrointestinal,
neurological, immunological, cardiovascular, musculoskeletal and endocrine systems (Guisi, et
al., 2005). In the following section the health affects each of the heavy metals, mercury,
cadmium, lead and arsenic as well as organochlorines, made up of dioxins, PCBs and furans will
be described.
Mercury
While the element of Mercury can be found in the rocks and soil it’s toxic quantities are
released from burning fossil fuels like coal, incineration of garbage, and industrial procedures
(Houston, 2007; Jarup, 2003; McKelvey, et al., 2007; Muckle, et al., 2001). The most damaging
heavy metal to human life, mercury accumulates within the body over time (Houston, 2007;
Jarup, 2003; Jensen, Ruzickova, & Smith, 2009) and changes the distribution and retention of
other heavy metals in the body (Houston, 2007).
Bacteria change inorganic Mercury to methyl mercury, an organic compound that can be
detected in the blood of exposed people (Bilrha, et al., 2003; Bjornberg, et al., 2005; C. Chen, et
al., 2008; Houston, 2007; Jensen, et al., 2009; Mahaffey, Clickner, & Bodurow, 2005; Muckle, et
al., 2001; Steuerwald, et al., 2000; Xue, Holzman, Rahbar, Trosko, & Fischer, 2007). The
concentration of mercury increases with the level of the food-chain observed. Long-living, large
fish, such a salmon, have the highest levels of Mercury, often as high as 1microgram per gram of
the fish, compared to half this amount in smaller fish like bass or trout (Gosselin, Brunet, Carrier,
Bouchard, & Feeley, 2006). Fish consumption has been found to be strongly correlated with
mercury levels in both larger fish and human beings (Gosselin, et al., 2006; Harper & Harris,
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2008; Jarup, 2003; Jensen, et al., 2009; Mahaffey, et al., 2005; McKelvey, et al., 2007; Moya,
2004; Muckle, et al., 2001).
Fish, and in particular salmon are important foods to Mi’kmaq and Malecite people, being
part of a traditional harvest. Salmon is an important ceremonial food among First Nations peoples
of New Brunswick, being served at POW WOW’s and other social and ceremonial events. First
Nation communities, in areas of New Brunswick where salmon run, have licenses to net salmon
to distribute as a basic food source to mothers and children and the elderly in each community.
Exposure to methyl mercury is not only cumulative but extends over time, with the average half
life of methyl mercury having been found to be from 47-55 days (Gosselin, et al., 2006). The
amount of methyl mercury is a particular fish and the consumption of fish patterns vary by the
time of year (Burger, 2002; Burger, Hughes McDermott, Chess, & al., 2003; C. Chen, et al.,
2008; Gosselin, et al., 2006; Ha & Choi, 2009; Harper & Harris, 2008; Hubal, Moya, & Selevan,
2008; Huffling, 2006; Jensen, et al., 2009; Mahaffey, et al., 2005; Muckle, et al., 2001;
Nickerson, 2005; Steuerwald, et al., 2000; Stout, Dionne Stout, & Harp, 2009; Turunen, et al.,
2008; Van Oostdam, et al., 1999; Xue, et al., 2007). In a study that examined the levels of
mercury among people in different regions, the highest levels of mercury were found among
people living on the east coast (McKelvey, et al., 2007).
Mercury can also be found in the hair of an exposed person, and its concentration may
vary by 1 cm. lengths, representing the time it requires for mercury in the person’s blood to be
transferred into the hair roots (Gosselin, et al., 2006).While its presence in the hair provides a
non-intrusive measure of the amount of mercury taken in by a person, it also serves as an
example of the way in which mercury can be deposited in organs, such as the liver, kidneys,
lungs and nerves (Mahaffey, et al., 2005; McKelvey, et al., 2007; Muckle, et al., 2001; Reinhart,
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2003). Indeed, mercury affects many body systems, having been related to the following chronic
health problems: (a) lung impairment, (b) kidney damage, (c) liver dysfunction, (d)
cardiovascular disease, including hypertension, cerebral vascular accident [stroke], myocardial
infarctions (heart attacks) and carotid artery disease (Houston, 2007; Jarup, 2003; McKelvey, et
al., 2007).
Mercury is particularly damaging to the health of a foetus, causing injury to the brain,
central nervous system and kidneys of unborn children (Mahaffey, et al., 2005; McKelvey, et al.,
2007; Muckle, et al., 2001).Among children and adults, mercury crosses the blood brain barrier
causing neurological effects including (a) cognitive changes such as decreased intelligence,
physical and mental development delays, (b) motor differences, such as loss of coordination,
trembling, (c) sensory changes, such as decrease in visual fields, deafness, and numbness of the
hands and feet, and (d) behavioural changes, such as irritability, sleep disturbances, restlessness
and depression (Houston, 2007; Jarup, 2003; Reinhart, 2003; Scherer, et al., 2008). Most of the
behavioural changes are reversible once the intake of mercury is ceased (Jarup, 2003).
Intake of high levels of mercury in combination with low intake of vitamin C may cause
increases in Factor VIII, platelet factor and thrombin, increasing the potential for blood clots to
be developed and transported to the lungs, heart and brain. At the same time, the body/s first line
of defence is damaged with decreased formation of new endothelial (skin) cells. As well, its
second line of defence is diminished with decreased function of the immune system, particularly
leucocytes (white blood cells) including phagocytes and monocytes. Increased mortality from
cardiovascular and other illnesses are increased in the presence of chronic increased levels of
mercury (C. Chen, et al., 2008; Ha & Choi, 2009; Hermanson & Brozowski, 2005; Houston,
2007; Jarup, 2003; Reinhart, 2003).
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When a person is exposed to a toxic dose of mercury, nothing appears to have occurred
for a period of up to a month (a latent period). Gradually nervous system damage becomes
apparent, with increased coordination challenges, numbness of extremities, problems
concentrating and constriction of the person’s visual fields. Death can occur as early as 2 weeks
post-exposure or a month later (Jarup, 2003). Intake of selenium can act as an antagonist to the
mercury, displacing the mercury by creating a compound that is less toxic (Custer, et al., 2009;
Houston, 2007).
In the 1970’s increased levels of mercury in the fish eaten by First Nations people in the
Kenora region of Ontario was found to have caused an epidemic of Minimata disease and
required Aboriginal people to leave behind their traditional pattern of fish consumption,
increasing their intake of processed and higher caloric foods. This process of loss of traditional
food choices and substitution with more simple carbohydrate foods has been identified as
contributing to the current epidemic of Diabetes Type 2 among Aboriginal people in Canada
(Rock, 2003). A study done by the Conservation Council of New Brunswick with the Union of
New Brunswick Indians found high levels of mercury in small mouth bass and otters in the St.
John River (Indians, 2003). There have been no prior studies that have examined the health of
First Nations people living along the St John River who fish and eat the fish taken from this river.

Cadmium
Cadmium is another heavy metal found naturally in rock that also contains copper, zinc
and lead. It is used by industry in fertilizers, batteries, color pigments, PVC products, and anticorrosive substances. The main avenue of exposure is through smoking – indeed smokers may
take in 4-5 times as much Cadmium as others (Jarup, 2003; McKelvey, et al., 2007; Reinhart,
2003). Other avenues of exposure to cadmium occur through contaminated crops that have been

Environmental contaminants and human health

36

polluted through cadmium containing fertilizer and sewage sludge as well as through industrial
emissions (Houston, 2007; Jarup, 2003; McKelvey, et al., 2007).
Once absorbed, cadmium is stored in the body for many years, having a half life of 30
years (Custer, et al., 2009; McKelvey, et al., 2007). It is a carcinogen, linked to lung, kidney,
bone, and prostate cancers (Jarup, 2003; Reinhart, 2003). Cadmium is deposited in the liver,
kidneys, bones, and pancreas and plays a role in the development of diabetes type 2 (Afridi, et al.,
2008; Akesson, et al., 2005; Houston, 2007). It is also related to tubular damage and kidney
disease, including the development of renal stones (Custer, et al., 2009; Jarup, 2003). Cadmium
has been associated with fragile bones and increased fractures as well as lung damage(Jarup,
2003). Cadmium absorption can be decreased by enhanced levels of calcium, iron, zinc and
copper (Custer, et al., 2009; Houston, 2007), all of which are present in a mineral supplement.
Adequate protein intake also decreased the amount of cadmium absorbed. A diet that meets
Canada’s Food Guide would provide sufficient protein to protect against absorbing toxic amounts
of cadmium. However, this is difficult to achieve when living in the kind of poverty endured by
many First Nations people.

Lead
The heavy metal, lead, is often released from smelters and mines through effluent that sits
in tailing ponds and leaches into the waterways and ground water (Jarup, 2003). Lead pipes,
found in older water systems, are also a source of lead (Jain & Hu, 2006). A major source of
lead, automobile exhaust from burning of gasoline has been decreased by the elimination of lead
in gasoline, mandated by governments. As well, lead bullets which are still legal for use in big
game animals may be a source of exposure to lead if the area around the bullets was not
discarded (Tsuji, Wainman, Jayasinghe, VanSpronsen, & Liberda, 2009). People are exposed to
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lead through air pollution and food intake (Jain & Hu, 2006). McKelvey and associates (2007)
found that blood levels of lead were higher among people who had immigrated to the US. The
lead levels were positively associated with age of those tested, heavy smoking, as well as
employment in construction and negatively associated with education, income, and length of time
living in the US. This speaks to the issue that the environmental protection laws may be less
onerous than those in North America. Other researchers found a negative relationship between
blood lead levels and socioeconomic status and were positively correlated with BMI level (Jain &
Hu, 2006).
Exposure to lead during the prenatal or postnatal periods has increased the rate of
miscarriages and premature births (McKelvey, et al., 2007). Children absorb lead readily (up to
50% ) through their gastrointestinal systems and their permeable blood-brain barriers allows the
absorbed lead to harm their brains, impairing the intellectual abilities of these children (Gump, et
al., 2008; Jain & Hu, 2006; Shih, Weisskopf, & Schwartz, 2007). Acute lead poisoning as well as
chronic exposure to increased lead can cause encephalopathy, resulting in irritability, headaches,
behavioural change, difficulty concentrating and learning, decreased reaction time, memory loss,
psychosis, confusion, decreased consciousness, and death (Gump, et al., 2008; McKelvey, et al.,
2007). A blue lead sulphide line can be seen at the margin of the gingival in acute led poisoning
(McKelvey, et al., 2007).
The neurotoxic capacity of lead is evident in even low levels of lead exposure with
peripheral neuropathy, with decreased rates of neurotransmission, and decrease dermal sensitivity
as well as hearing loss (Jain & Hu, 2006; Jarup, 2003). Levels of lead that were less than the
standards set by the EPA during pre and postnatal life, were associated with increased levels of
cortisol and release of increased amounts of cortisol in response to increased stress, even up to 9
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years of age (Gump, et al., 2008). Increased levels of lead have been shown to interfere with the
regulation of food intake by the hypothalamic –pituitary-adrenal axis, resulting in obesity (Jain &
Hu, 2006).
Increased lead levels are positively associated with hypertension (Glenn, Stewart, Links,
Todd, & Schwartz, 2003; Gump, et al., 2008; Martin, et al., 2006; Navas-Acien, Guallar,
Silbergeld, & Rothenberg, 2007; Nawrot, Thija, Hond, Roels, & Staessen, 2002) coronary artery
disease and stroke (Gump, et al., 2008; Menke, Muntner, Batuman, Silbergeld, & Guallar, 2006;
Navas-Acien, et al., 2007; Navas-Acien, et al., 2004), and arterial disease (McKelvey, et al.,
2007; Menke, et al., 2006; Navas-Acien, et al., 2007; Navas-Acien, et al., 2004; Schober, Mirel,
Graubard, Brody, & Flegal, 2006). As well, lead binds to red blood cells (erythrocytes) and blood
disorders such as anemia and difficulty with the process of haemoglobin production have been
related to increased lead levels (Jain & Hu, 2006). Being excreted by the kidneys, lead interferes
with glomerular filtration and decreases kidney function (Ekong, Jaar, & Weaver, 2006;
McKelvey, et al., 2007; Muntner, Menke, DeSalvo, Rabito, & Batuman, 2005; Navas-Acien, et
al., 2007). Lead is deposited in the bones, increasing vulnerability to fractures (Jain & Hu, 2006).
Exposure to increased amounts of lead is related to abdominal discomfort (Gump, et al., 2008),
and stomach cancer, lung cancer and gliomas (Jarup, 2003). Increased lead levels are associated
with increased mortality rates related to cardiovascular diseases as well as malignancies and
kidney diseases (Navas-Acien, et al., 2007; Schober, et al., 2006), and decreased quality of life
related to its effects on the cognitive development and mental health.
Arsenic
Organic Arsenic, a non-toxic element is found in nature. However, inorganic Arsenic is
emitted from mines into tailing ponds, the air from iron smelters and wood preservatives and the
manufacture of pesticides (Jarup, 2003; J. Tsuji, et al., 2005). Arsenic in the soil contaminates the
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ground water and eventually the well water and water supplied to households in regions with
toxic levels of Arsenic (Gamble, et al., 2005; Luu, Sthiannopkao, & Kim, 2008; Navas-Acien,
Silbergeld, Pastor-Barriuso, & Guallar, 2008). Indeed arsenic is so widespread in the
industrialized regions that 8% of the water supplies in the US exceed the 10 microgram limit
established by the EPA (Navas-Acien, et al., 2008; Navas-Acien, et al., 2006).
In New Brunswick, several families in Blackville, NB who obtain their water from wells
have been found to have elevated levels of Arsenic in their bodies. A study by the Conservation
Council of New Brunswick (2008) found that the emissions of Arsenic from the Belldune smelter
were three times higher than the levels of 2006. This smelter is between Eel River Bar and
Pabineau First Nation communities in New Brunswick.
Inorganic Arsenic is absorbed through the gastrointestinal system through water and
through eating contaminated fish and seafood (Navas-Acien, et al., 2008). Shellfish and seaweed
contain increased quantities of inorganic arsenic (J. Tsuji, et al., 2005). It accumulates in the
body and is slowly detoxified by being methylated i.e. a methyl group is substituted for a
hydrogen atom in the Arsenic creating DMA and MMA which are substances more easily
handled by the kidneys. If the intake of Inorganic Arsenic exceeds the body’s ability to perform
this methylation process it accumulates gradually becoming toxic. This process of methylation
requires folate, vitamins B6 and B12 (Gamble, et al., 2005; Spiegelstein, et al., 2005;
Wlodarczyk, et al., 2001). These are contained in multivitamin pills.
Exposure to increased amounts of inorganic arsenic has been related to disease of several
body systems (Luu, et al., 2008). Being primarily absorbed by the gastrointestinal system,
increased levels of inorganic arsenic increase gastrointestinal symptoms (Jarup, 2003). Smaller
amounts have been found to be absorbed through the skin, resulting in skin rashes (Gamble, et
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al., 2005; Luu, et al., 2008; Mitra, et al., 2004). Tsuji and associates (2005) found that the level of
arsenic in the urine of children who played in soil contaminated with inorganic arsenic was
significantly higher than adults in that community but there was no relationship between the
length of time children played in arsenic polluted soil and their levels of inorganic arsenic in their
urine. As well, even when parents were informed of the level of arsenic in the soil there was no
difference in the amount of time children were allowed to play in this soil.
Exposure to increased levels of arsenic has been linked to the development of Diabetes
type 2, with increased glucose levels (Navas-Acien, et al., 2008; Navas-Acien, et al., 2006;
Walton, et al., 2004; Wang, Hsiao, & Chen, 2007). It has also be related to increased levels of
skin, bladder, kidney, lungs, and liver cancers (Chen, et al., 2003; Jarup, 2003; Luu, et al., 2008;
J. Tsuji, et al., 2005). In Belldune, NB, the rate of these cancers is higher than expected in a
community this size Conservation Council of New Brunswick, 2008. Increased levels of
inorganic arsenic are associated with increased blood clotting, obstruction of cardiac arteries,
myocardial infarctions (heart attacks), Hypertension. Tachycardia, and Anaemia (Jarup, 2003;
Kamp & Castanas, 2007; Luu, et al., 2008; Navas-Acien, et al., 2008; J. Tsuji, et al., 2005; Wang,
Chiou, & Chen, 2003). Neurological affects of inorganic arsenic include memory loss, sleep
disorders, and vision and speech changes (Chen, et al., 2003; Gamble, et al., 2005; Jarup, 2003;
Kamp & Castanas, 2007; Wasserman, et al., 2004; Yu, Hsu, Chen, & Froines, 2000). It has been
associated with inflammation of the lungs (J. Tsuji, et al., 2005). Finally it is particularly toxic for
the unborn, causing teratogenic changes when the levels of inorganic arsenic accumulate in a
pregnant mother to toxic levels (Wlodarczyk, et al., 2001).
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Organochlorines: Dioxins (Agent Orange et al.), PCBs and furans

Organochlorines which include dioxins, phenychlorines (PCBs) and furans are man-made
chemical compounds with long-lasting retention in the environment. They have been recognized
as powerful agents that have long-lasting effects on biological beings living in the environment
(Dhooge, et al., 2006). In New Brunswick, Dioxins in the form of Agent Orange, Agent White
and Agent purple were sprayed along the electric power lines and on the military base, Camp
Gagetown, which is the largest military base in Canada (Defense, 2009). Ayotte and associates
(2005) tested the blood of Aboriginal people who live along the north shore of the St Lawrence
River and found high levels of PCBs and Dioxins. Fish was an important part of the nutritional
intake of this population. Eel River Bar is situated on the south shore of the St. Lawrence River.
Organochlorines are dispersed into the environment through several means, including
herbicide spraying, industrial accidents, manufacturing processes, burning of wastes including
plastic products, smelters and the paper and pulp industries (Dhooge, et al., 2006; Newby &
Howard, 2005; Wang, et al., 2005). Approximately 90% of exposure to organochlorines occurs
through eating contaminated foods (Dhooge, et al., 2006).
Levels of dioxins are higher in industrialized countries (Nickerson, 2005). In NB, some
of the major industries include paper and pulp mills, mines, and smelters (Business, 2009). These
are not centered in urban areas but dispersed throughout rural New Brunswick. Once released
into the atmosphere, Organochlorines can travel long distances through the air, ocean, and rivers
(Bilrha, et al., 2003).
Dioxins are insoluble in water so they do not contaminate the ground water (Kamp &
Castanas, 2007). However, they bioaccumulate in sea food, with higher levels found in larger,
longer living fish, such as New Brunswick’s salmon. More than 90% of ingestion of Dioxins
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occurs through food (Dhooge, et al., 2006). Once ingested, dioxins bind with body lipids where
they are retained for many years. One study examined the dioxin levels of sawmill workers who
had been exposed to increased levels of organochlorines at work twenty years prior but had no
such known exposure in the interim 20 years. The dioxin levels of these workers was compared
to workers without such a known exposure and found to be two to three times more than the nonexposed workers (McLean, et al., 2009).
Due to their lipidophelic character, levels of organochlorines tend to be higher with more
toxicity experienced in those with higher levels of obesity as measures by the Body Mass Index
(BMI) (Arsenescu, Arsenescu, King, Swanson, & Cassis, 2008; Ayotte, Muckle, Jacobson,
Jacobson, & Dewailly, 2003; Bilrha, et al., 2003; Lee, Lee, Porta, Steffes, & Jacobs, 2007;
Mullerova & Kopecky, 2006; Nickerson, 2005; Schell, et al., 2005; Walker, et al., 2003) as well
as older citizens (Dhooge, et al., 2006).
Not only do PCBs reside in adipocytes (fat cells) but research has shown that they
increase cytokines which are proteins that stimulate an inflammatory process in the adipocytes
resulting in an increase in the size and number of adipose cells and ultimately obesity for the
person (Arsenescu, et al., 2008; Hennig, et al., 2002; Mullerova & Kopecky, 2006). Arsenescu
and associates (2008) demonstrated on adipose tissues in vitro and on mice in vivo experiments
that lower doses of PCB-77 was associated with an increase in body weight, adipose tissue, the
weight of the liver, and serum cholesterol. Lee and Associates (2007) found that there was a
linear relationship between PCBs and waist circumference in people with metabolic syndrome.
Obesity has been related to lifestyle issues in First Nations peoples, particularly due to
their changed diets that have resulted from colonial policies, which required them to limit their
hunting and fishing practices and maintained them in poverty (Browne, 2002; Getty, Wilson,
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Ericson, Sappier, Nicholas, McNally, & . 2001; Rittenbaugh & Goodby, 1989; Story, et al., 2003;
Thompson & Gifford, 2000; Wesley-Esquimauz & Smolewski, 2004). Arsenescu’s and Lee’s
research raise the potential for environmental factors to contribute to the problem of obesity
among First Nations peoples.
Organochlorines have not only been associated with obesity, but also with increased
insulin resistance and the development of Diabetes type 2 (Arsenescu, et al., 2008; Condru,
Schymura, Negoita, Rej, & Carpenter, 2007; Dhooge, et al., 2006; Fujiyoshi, Michalek, &
Matsumura, 2006; Grundy, Brewer, Cleeman, Smith, & Lenfant, 2004; Latini, et al., 2009; Lee,
et al., 2007; Longnecker & Daniels, 2001). Increasing amounts of fat deposits in the liver have
been associated with increased insulin resistance (Latini, et al., 2009).
Organochlorines act as Endocrine Disruptors, creating changes in hormonal status that not
only leads to increased incidence of Diabetes but also to changes in growth and sex of children
(Kavanagh, et al., 2004; Latini, et al., 2009; Mackenzie, Lockridge, & Keith, 2005; Reinhart,
2003; Wiseman & Gobas, 2002). This is particularly true if exposure occurs during prenatal and
postnatal periods of life (Jurewicz, et al., 2006; Kern, Said, Jackson, & Michalek, 2004; Latini, et
al., 2009). Male/female ratios may be influenced by parental hormone levels at conception along
with exposure to endocrine disrupting agents like dioxins (Fukuda, Fukuda, Shimizu, Andersen,
& Byskov, 2002; Garry, Holland, Erickson, & Burroughs, 2003; James, 2004; Mackenzie, et al.,
2005; Mocarelli, et al., 2000). This was evident in Aamjiwnaang First Nation whose reserve is
located near the Sarnia-Lambton Chemical Valley and the St. Clair River Area of Concern.
During the last 5 years, there has been a decreasing number of boys born, as well as an increased
number of still births and miscarriages. As well, fish have been caught that have both male and
female gonads (Kavanagh, et al., 2004).
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Fertility rates may be decreased when both men and women are exposed to
organochlorines since they have been related to delayed menarche and decreased blood levels of
testosterone, as well as decreases in secretion of seminal fluid, leading to decreased motility of
sperm and ability to fertilize an egg (Dhooge, et al., 2006). Some studies have shown a direct
association between organochlorines and Endometriosis , a disease in which endometrial cells
and tissue grow outside the uterus, resulting in inflammation, scarring and infertility in some
cases (Foster, 2008; Heilier, Donnez, & Lison, 2008; Porpora, et al., 2009). Nodules that form in
the deep endometrial tissues on the rectovaginal wall, a form of endometriosis have been related
to the presence of PCBs and dioxins in the blood (Heilier, et al., 2008).
Organochlorines as endocrine disruptors stimulate the hormonal and neurological
responses to stress, exacerbating other risk factors such as social stress, obesity and increasing
levels of hypertension to increase cardiovascular diseases (Arsenescu, et al., 2008; Mullerova &
Kopecky, 2006). (Ha, Lee, & Jacobs, 2007; Humblet, Birnbaum, Rimm, Mittleman, & Hauser,
2008). Dioxins bind to the lipids found in breast milk and may reach a higher level in breast milk
than in the mother’s body (Ayotte, et al., 2003; Hausman, 2006; Nickerson, 2005; Schell, et al.,
2005; Walker, et al., 2003). In these cases, breast milk may contain much higher levels than
allowable in infant formula (Hausman, 2006). As a result, the very product meant to nourish the
baby, boost the child’s immune system and develop its neurological system function may be
transformed into a poison that carries toxic substances such as Dioxins that have been related to
neurobehavioral changes and decreased immunity (Fitzgerald, Hwang, Lambert, Gomez, &
Tarbell, 2005; Hausman, 2006).
Persky and associates (2001) found that higher levels of dioxins and PCBs were
associated with older mothers and longer babies. They pass through the placental barrier to the
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baby, increasing the risk of spontaneous abortions, stillbirths and diseases such as thyroid
dysfunction and immunosuppression among infants (Bilrha, et al., 2003; Fitzgerald, et al., 2005;
Kavanagh, et al., 2004; Persky, et al., 2001; Wang, et al., 2005). Walker and associates (2003)
found that the breast milk of Inuit mothers contained almost five times the level of PCBs of the
breast milk of non-native Quebec mothers. The blood levels of PCBs in Inuit women in the childbearing age range exceeded the guideline set by Health Canada in 39% of the cases (Walker, et
al., 2003). Women who eat more fish from the Great Lakes region have been found to have
increased levels of PCBs in their blood (4.7 micrograms/Litre) and to display neurobehavioral
deficits. This is much lower than the standard for tolerable levels of PCBs of 100
micrograms/Liter that was set by Health Canada (Walker, et al., 2003). Those women who
regularly eat more sea mammals, like Inuit women, were more likely to have increased
organochlorines than those whose diets were focused on land animals (Walker, et al., 2003).
Cytochrome p-450 1A2 (CYP1A2) is an enzyme that is developed in the liver as a
response to smoking, eating certain foods, like charbroiled foods and cruciferous vegetables, such
as turnip or cabbage and taking certain medications, such as rifamin, as well as through exposure
to organochlorines (Fitzgerald, et al., 2005). CYP 1A2 has been associated with the activation of
carcinogens (Fitzgerald, et al., 2005; Taylor, Wang, Hsu, & Hankinson, 2009). Mohawks in
Akwesasne First Nation who live near industry that was releasing PCBs into the atmosphere and
the water of the St Lawrence River were found to have evidence of CYP 1A2 (Fitzgerald, et al.,
2005). While the traditional food of Mohawks like other First Nations peoples is fish and
waterfowl and wild animals, due to fish advisories that advised them to limit their intake of
particular fish and other foods, they had decreased their intake of fish by half (Fitzgerald, et al.,
2005).
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CYP 1A2 has been implicated in malignant changes in breast cells (Fitzgerald, et al.,
2005; Schisterman, Whitcomb, Louis, & Louis, 2005; Taylor, et al., 2009). As well there have
been direct associations between organochlorines and leukemia, lymphomas, non-Hodgkin
lymphoma, multiple myeloma and sarcomas (Cooper & Jones, 2008).Other cancers commonly
associated with exposure to organochlorines include lung and stomach cancer (Fitzgerald, et al.,
2005; Wiseman & Gobas, 2002; Wu, et al., 2009).
One of the earliest and most apparent signs of acute toxicity by dioxins is chloracne
(Geusau, et al., 2005; Imamura, et al., 2007; Smith, et al., 2008; Tang, et al., 2008). This skin
eruption appears like severe acne, having cysts, pustules and pimples caused by growth of
epithelial cells in the ducts of the sebaceous glands (Tang, et al., 2008). This skin condition was
found to be long lasting, continuing over 30 years in people exposed to high levels of dioxin in
Japan (Imamura, et al., 2007).
In summary, organochlorines accumulate in the fatty tissues of persons who have been
exposed, and have been related to a wide spectrum of diseases, some of which are apparent, like
chloracne but many of which develop slowly over time. The most vulnerable people are the
young, those who are exposed in utero and post-partum through breastfeeding. However, these
chemicals have been related to increased obesity, the development of Diabetes type 2,
cardiovascular disease, endocrine disturbances, including infertility and endometriosis, and
several kinds of cancers. Government agencies have attempted to protect human health and life
by monitoring and issuing warnings, such as fish advisories. While there is evidence that First
Nations peoples have adapted their traditional eating patterns to decrease their reliance on fish,
waterfowl and sea mammals, there continues to be evidence of the environmental effects on their
health. The epidemic of Diabetes type 2 that is currently found among Aboriginal people in
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Canada has been attributed to changes in foods and activities that have emerged from colonial
rules, but they may also have some source in the environmental contaminants that have been
released into the environment by industry and other human activities.

METHOD

This study was a community based study done in partnership with the Union of New
Brunswick Indians, who approached the University of New Brunswick with the question about
how the environmental contamination of some reserves was affecting the health of the people
who live on this land. The study proposed was presented to the Chiefs at a board meeting and
they signed a letter of support for this study. Those First Nations communities who participated
as well as the Union of New Brunswick Indians were actively involved in the project through all
the phases (Perley & O'Donnell, 2005). The results of the project belong exclusively to the First
Nations and the publication of the results will be possible only with the consent of the First
Nations involved.

Data collection
This study had a retrospective cohort comparative design where a convenience sample of
the population of adults living on reserves with known toxicity was compared to a similar
population from reserves where there has been no previous toxicity detected. The independent
variable was the presence of a toxic element, with the dependent variables being the presence of
obesity, diabetes mellitus type 2, cardiovascular illness, cancer levels, neurological delays and
illnesses, reproductive differences, including number of miscarriages and stillbirths, early
menopause, and endometriosis. One hypothesis to be tested: Population A, who has been
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exposed to lead (or other toxic metal) in the environment, has significantly more neurological
problems than Population B, who have not been exposed to lead (or other toxic metal) through
environmental pollution.
This sample was drawn from people who were 19 years of age and older who had lived
most of their lives on their reserve. Data was gathered by nurses working in the First Nation
communities and who were all, except for one, members of that First Nation and living on
reserve. Since the majority of primary health care in First Nations communities is delivered by
nurses in the health center of each community, these nurses knew and had worked with the
majority of the community members. They approached clients as they met them about
participating. In Kingsclear First Nation the Chief and Council decided to not support the
continuation of the study, so only the 14 who had already participated were included in this
study.
Questionnaire
The Behavioral Risk Factor Surveillance System was selected to be used as the basic
survey tool for this study. This tool was developed and first used in 1984 by the Center for
Disease Control in Atlanta, Georgia, one of the leading epidemiological centers in the world. The
surveys include a number of scales that are used in different combinations in different years by
the individual states and the data is combined to provide a national assessment of the health of
the population in the USA. The survey data is collected through a random telephone calling
system. This tool has been examined for reliability and validity by several researchers (Nelson,
Holtzman, Bolen, Stanwyck, & Mack, 2001; Nelson, Powell-Griner, Town, & Kovar, 2003;
Stein, Lederman, & Shea, 1993; Yore, et al., 2007). Nelson, Powell-Griner, Toner and Kovar
(2003) compared the BRFSS to the National Health Interview Survey, which collected data in the
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US by Health Statistics of the CDC. They found comparable data was collected by the two tools.
Stein and associates (1993) found there was good test-retest reliability in the use of this tool.
Since this tool has been used annually since 1984, it was judged to be a strong
questionnaire that would gather data that could be compared to national samples in the US. The
BRFSS was used to assess health behaviors among American Indians and Alaska Native women
and to compare their results with the national population of women in the US. The data gathered
in this way identified the increased rates of smoking and obesity among these Aboriginal women
in relation to the population as a whole (Doshi & Jules, 2006). This study reinforced the utility of
this questionnaire for use in collecting data with First Nations peoples.
Some questions were added to the questionnaire based on the literature review. In
particular, questions that gathered data about the respondents’ perception of the importance of
traditional foods and their intake of such foods, spiritual practices, such as burning sweet grass
and symptoms of reproductive changes and child development changes that have been associated
with environmental contamination by lead, mercury, arsenic, cadmium, and organochlorines were
added to the questionnaire. (See Appendix A for a copy of the questionnaire.)
One of the limitations of the BRFSS is that it depends on self-reports (Doshi & Jules,
2006; Yore, et al., 2007). As well, being gathered by telephone, the interviewers in the BRFSS in
the US are unknown to those being interviewed, so that the credibility of the responses is less
certain (Doshi & Jules, 2006; Stein, et al., 1993; Yore, et al., 2007). In this current study, the data
was gathered by the nurses who work in the health centers on Kingsclear, Woodstock and Eel
River Bar First Nations. These nurses work with members of these communities to support their
efforts to manage their health, including screening for BP, BMI and blood glucose as well as
taking blood for testing ordered by physicians and teaching these clients about how to care for
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themselves. When these nurses asked the questions about diabetes and other health problems the
answers were more likely to be accurate because the nurse was aware of many of the clients’
health issues.
On Pabineau First Nation the data was gathered by two senior students in the BN program
at UNB who were members of the band and lived in the community. In fact, all of the nurses
except for one were members of the community in which they gathered data and worked in the
health center in that community. As well, the nurses gathered screening data to support the selfreported data of respondents. These included BP, pulse, respiratory rate, blood glucose levels,
height and weight to identify the respondents’ actual BMI, and blood HDL cholesterol levels.
This objective data was consistent with self-reports and added to the reliability of this data.
In addition, respondents were asked whether they were willing to donate small samples of
certain foods, including wild meat such as moose and venison, fish, fiddleheads and berries.
These food samples were tested by the Research Productivity Council for heavy metals and
organochlorines, particularly dioxins and PCBs.

Data analysis
The data was entered into an SPSS program, cleaned, and statistically analyzed by
a statistical firm whose personnel were experienced in data management and analysis of health
issues but who were not a part of the research team, ensuring that the statistical decisions were
objective. The data were compared for differences in sex, age and lifestyle factors in the samples
from Eel River Bar and Pabineau the two First Nations where environmental contamination had
been previously documented. Once the difference in the larger number of older females in Eel
River Bar were controlled for, there was no significant difference between the two communities
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in the known contaminants reserves on age, sex or lifestyle factors so that the samples from Eel
River Bar and Pabineau First Nations could be combined into the known contaminant group. The
same process with the Woodstock and Kingsclear First Nations occurred and these groups were
combined into the unknown contaminants group.
The demographics of the whole sample were described; comparisons were assessed using
t-tests and an Analysis of Variance to test for significant differences between the known
contaminant and the unknown contaminant groups. Finally, for those variables that did not
significantly differ on certain variables, the sample as a whole was examined for relationships
between these health variables, using Chi Square tests, for nonparametric data.
The interpretation of the food analysis was carried out by a biologist from UNB, using the
standards set for heavy metals and organochlorines by Health Canada. This data was used to
support findings from the survey tool and screening results.

Ethics
As a community based research study, this project was conceived and developed by the
Union of New Brunswick Indians who approached researchers in the Departments of Geodesy
Engineering and Nursing to conduct this study. The proposal was presented to the Health
Directors and nurses at a workshop at UNBI prior to data collection. An informed consent form
was developed based on the ethical guidelines for research with First Nations people developed
by CIHR in accordance with the Tricouncil Ethics Guidelines (See Appendix B for Informed
Consent Form). The proposed study received ethical approval from the Faculty of Nursing Ethics
Committee and subsequently by the Research Ethics Board on Research involving Humans at
UNB (See Appendix C), prior to any discussions between the researchers and members of the
reserves or the nurses working in each community.
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Traditional Food Testing Results
Table 3: Trace Metal Analysis: Pabineau Foods a.
RPC ID
Client ID: Minimum
risk levels
mg/kg/day
Aluminum: 1
Antimony:
1
Arsenic:
.005 – 0.1
Barium:
0.2
Beryllium:
0.002
Bismuth
Boron:
0.2
Cadmium:
0.0001
Calcium
Chromium:
0.001
Cobalt:
0.01
Copper:
0.01
Iron
Lead:
1 - 0.5 - 0.08
Lithium
Magnesium
Manganese
Mercury:
0.5
Molybdenum
Nickel:
0.0002
Potassium
Rubidium
Selenium:
0.005
Silver
Sodium
Strontium: 2
Tellurium
Thallium
Tin:
0.3 – 250
Uranium:
0.002
Vanadium
Zinc:
0.3

95770 RB1

95770 RB2

95770-01A

95770-01B

QA/QC

QA/QC

Pabineau
Moose (Roast)

Duplicate

Concentration
(mg/kg)
< 0.2
<0.02
< 0.2
< 0.2
< 0.02
< 0.2
< 0.2
< 0.002
< 10
< 0.2
< 0.02
< 0.2
<4
< 0.02
< 0.02
<2
< 0.2
< 0.01
< 0.02
< 0.2
<4
< 0.02
0.2
< 0.02
< 10
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
< 0.2

< 0.2
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
< 0.2
< 0.002
< 10
< 0.2
< 0.02
< 0.2
<4
< 0.02
< 0.02
<2
< 0.2
< 0.01
< 0.02
< 0.2
<4
< 0.02
< 0.2
< 0.02
< 10
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
< 0.2

< 0.2
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
0.2
0.003
160
< 0.2
< 0.02
1.2
29
0.03
< 0.02
221
< 0.2
< 0.01
< 0.02
< 0.2
3230
4.68
< 0.2
< 0.02
530
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
48.3

< 0.2
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
0.3
0.003
130
< 0.2
< 0.02
1.2
29
0.02
< 0.02
221
< 0.2
< 0.01
< 0.02
< 0.2
3280
4.78
< 0.2
< 0.02
530
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
44.3
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Table 4: Trace Metals Analysis: Pabineau foods b
RPC ID
Client ID: Minimum
risk levels
mg/kg/day
Aluminum: 1
Antimony:
1
Arsenic:
.005 – 0.1
Barium:
0.2
Beryllium:
0.002
Bismuth
Boron:
0.2
Cadmium:
0.0001
Calcium
Chromium:
0.001
Cobalt:
0.01
Copper:
0.01
Iron
Lead:
1 - 0.5 - 0.08
Lithium
Magnesium
Manganese
Mercury:
0.5
Molybdenum
Nickel:
0.0002
Potassium
Rubidium
Selenium:
0.005
Silver
Sodium
Strontium: 2
Tellurium
Thallium
Tin:
0.3 - 250
Uranium:
0.002
Vanadium
Zinc:
0.3

95770-02

95770-03

95770-06

95770-07

Pabineau
Fiddleheads

Pabineau
Moose (Steak)

Pabineau
Cranberries

Pabineau
Moose
(Steak)

Concentration
(mg/kg)
2.2
< 0.02
< 0.2
2.4
< 0.02
< 0.2
5.0
0.257
450
< 0.2
< 0.02
6.4
14
< 0.02
0.04
365
4.9
< 0.01
0.05
2.1
3720
14.6
< 0.2
< 0.02
60
3.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
14.0*

0.3
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
< 0.2
0.015
40
< 0.2
< 0.02
1.4
38
< 0.02
< 0.02
247
0.2
< 0.01
< 0.02
< 0.2
3690
20.5
< 0.2
< 0.02
450
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
39.5*

1.0
< 0.02
< 0.2
2.1
< 0.02
< 0.2
0.8
0.017
100
< 0.2
< 0.02
0.6
<4
< 0.02
< 0.02
78
6.3
< 0.01
< 0.02
< 0.2
772
1.41
< 0.2
< 0.02
< 10
0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
1.0

< 0.2
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
< 0.2
0.005
110
< 0.2
< 0.02
1.0
26
< 0.02
< 0.02
229
< 0.2
< 0.01
< 0.02
< 0.2
3640
15.1
< 0.2
< 0.02
570
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
60.1*
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Table 5: Trace Metals Analysis: Woodstock and Eel River Bar foods
RPC ID
Client ID: Minimum
risk levels

95770-08A

95770-08B

95770-09

95770-10

95770-11

Woodstock
Trout (Several)

Duplicate

Woodstock
Fiddleheads

Woodstock
Liver

Eel River Bar
Fiddleheads

mg/kg/day
Aluminum: 1
Antimony:
1
Arsenic:
.005 – 0.1
Barium:
0.2
Beryllium:
0.002
Bismuth
Boron:
0.2
Cadmium:
0.0001
Calcium
Chromium:
0.001
Cobalt:
0.01
Copper:
0.01
Iron
Lead:
1 - 0.5 - 0.08
Lithium
Magnesium
Manganese
Mercury:
0.5
Molybdenum
Nickel:
0.0002
Potassium
Rubidium
Selenium:
0.005
Silver
Sodium
Strontium: 2
Tellurium
Thallium
Tin:
0.3 - 250
Uranium:
0.002
Vanadium
Zinc:
0.3

Concentration
(mg/kg)
0.3
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
< 0.2
< 0.002
760
< 0.2
< 0.02
0.3
<4
< 0.02
< 0.02
248
0.4
0.01
< 0.02
< 0.2
3100
3.16
0.3
< 0.02
350
1.1
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
6.2

28.2*
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
< 0.2
< 0.002
860
< 0.2
< 0.02
0.6
<4
0.02
< 0.02
254
0.4
0.01
< 0.02
< 0.2
3120
3.21
0.3
< 0.02
350
1.2
< 0.02
< 0.02
0.03
< 0.02
< 0.2
6.8

2.9
< 0.02
< 0.2
0.9
< 0.02
< 0.2
3.8
0.028
480
< 0.2
< 0.02
3.1
11
< 0.02
< 0.02
257
3.7
< 0.01
0.06
< 0.2
1790
2.00
< 0.2
< 0.02
1100
3.6
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
9.9

0.5
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
0.3
0.002
50
< 0.2
< 0.02
2.2
39
< 0.02
< 0.02
292
< 0.2
< 0.01
< 0.02
< 0.2
3980
16.5
< 0.2
< 0.02
460
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
46.6

1.6
< 0.02
< 0.2
0.3
< 0.02
< 0.2
2.7
0.015
250
< 0.2
< 0.02
2.6
10
0.02
< 0.02
217
2.5
< 0.01
0.04
< 0.2
2060
1.27
< 0.2
< 0.02
< 10
1.4
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
7.3
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Table 6: Trace Metals Analysis Eel River Bar Foods
RPC ID
Client ID: Minimum
risk levels

95770-13

95770-14

95770-15

95770-16

Eel River Bar
Moose (Steak)

Eel River Bar
Lobster

Eel River Bar
Lobster

Eel River Bar
Salmon (Fillet)

mg/kg/day
Aluminum: 1
Antimony:
1
Arsenic:
.005 – 0.1
Barium:
0.2
Beryllium:
0.002
Bismuth
Boron:
0.2
Cadmium:
0.0001
Calcium
Chromium:
0.001
Cobalt:
0.01
Copper:
0.01
Iron
Lead:
1 - 0.5 - 0.08
Lithium
Magnesium
Manganese
Mercury:
0.5
Molybdenum
Nickel:
0.0002
Potassium
Rubidium
Selenium:
0.005
Silver
Sodium
Strontium: 2
Tellurium
Thallium
Tin:
0.3 - 250
Uranium:
0.002
Vanadium
Zinc:
0.3

Concentration
(mg/kg)
0.4
< 0.02
< 0.2
0.5
< 0.02
< 0.2
< 0.2
0.005
510
< 0.2
< 0.02
1.1
36
0.31
< 0.02
223
< 0.2
< 0.01
< 0.02
< 0.2
3600
5.83
< 0.2
< 0.02
660
0.3
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
58.0

0.8
< 0.02
1.6
< 0.2
< 0.02
< 0.2
0.8
0.054
1760
< 0.2
< 0.02
18.7
5
< 0.02
0.04
533
0.9
0.08
0.03
< 0.2
2870
0.72
0.5
0.40
6960
17.9
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
32.4

8.0
< 0.02
1.7
< 0.2
< 0.02
< 0.2
0.5
0.550
1110
< 0.2
0.04
12.2
24
< 0.02
0.04
294
0.9
0.02
0.09
< 0.2
2170
0.58
0.5
0.10
7250
9.9
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
7.7

6.2
< 0.02
0.6
< 0.2
< 0.02
< 0.2
< 0.2
< 0.002
60
< 0.2
< 0.02
0.5
4
< 0.02
< 0.02
274
< 0.2
0.05
< 0.02
< 0.2
3630
0.77
0.3
< 0.02
220
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
3.1
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Table 7: Trace Metals Analysis: Eel River Bar and Pabineau foods
RPC ID
Client ID:
Minimum risk
levels
mg/kg/day
Aluminum: 1
Antimony:
1
Arsenic: .005 –0.1
Barium: 0.2
Beryllium: .002
Bismuth
Boron:
0.2
Cadmium: 0.0001
Calcium
Chromium: 0.001
Cobalt:
0.01
Copper:
0.01
Iron
Lead: 1 - 0.5 - .08
Lithium
Magnesium
Manganese
Mercury:
0.5
Molybdenum
Nickel:
0.0002
Potassium
Rubidium
Selenium: 0.005
Silver
Sodium
Strontium: 2
Tellurium
Thallium
Tin:
0.3 – 250
Uranium: 0.002
Vanadium
Zinc:
0.3

95770-17A

95770-17B

95770-18

95770-19

95770-20

Eel River Bar
Strawberries

Duplicate

Eel River Bar
Smelts (Several)

Pabineau
Trout (Whole)

Pabineau
Moose (Ground)

0.7
< 0.02
< 0.2
0.6
< 0.02
< 0.2
1.2
< 0.002
170
< 0.2
< 0.02
0.3
<4
< 0.02
< 0.02
140
1.5
< 0.01
0.13
< 0.2
1840
1.77
< 0.2
< 0.02
< 10
0.7
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
0.8

0.7
< 0.02
1.0
< 0.2
< 0.02
< 0.2
0.2
0.005
2200
< 0.2
< 0.02
0.3
6
0.02
0.03
335
0.8
0.02
< 0.02
< 0.2
3840
0.68
0.2
< 0.02
860
10.5
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
13.5

< 0.2
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
< 0.2
< 0.002
120
< 0.2
< 0.02
0.3
4
0.02
< 0.02
249
< 0.2
0.09
< 0.02
< 0.2
4420
3.66
0.2
< 0.02
580
< 0.2
< 0.02
< 0.02
< 0.02
< 0.02
< 0.2
6.8

0.6
< 0.02
< 0.2
< 0.2
< 0.02
< 0.2
< 0.2
0.010
80
< 0.2
< 0.02
1.3
42
0.05
< 0.02
234
< 0.2
< 0.01
< 0.02
< 0.2
3440
6.75
< 0.2
< 0.02
580
< 0.2
< 0.02
< 0.02
0.07
< 0.02
< 0.2
49.6

Concentration
(mg/kg)
54.6
< 0.02
< 0.2
0.6
< 0.02
< 0.2
1.2
< 0.002
170
< 0.2
< 0.02
0.8
<4
0.06
< 0.02
145
1.7
< 0.01
0.13
< 0.2
1870
1.78
< 0.2
< 0.02
< 10
0.7
< 0.02
< 0.02
0.04
< 0.02
< 0.2
2.1

Environmental contaminants and human health

57

Table 8: Pabineau Moose Roast Organochlorines Analysis

CLIENT NAME:

University of New Brunswick

SAMPLE MATRIX:

MOOSE

CLIENT SAMPLE ID:

Pabineau

RPC SUBMISSION ID:

95770-1

Moose Roast

RPC TASK ID:

77342

SAMPLING DATE:

N/A

DATE ANALYZED:

08-Sep-09

% SOLIDS:

N/A

CORRESPONDING CERTIFIED REF. MATERIAL:

N/A

% LIPID:

1.70%

CORRESPONDING LAB METHOD BLANK:

F00205

CHLORINATED

CONCENTRATION

TOXIC EQUIVALENT

METHOD

DIOXINS AND FURANS

DETECTED

CONCENTRATION (TEQ)

GROUPS

NUMBERS

CONCENTRATION

METHOD

OF PEAKS

DETECTED
(Note 1)

DETECTION
LIMIT
(MDL)

(Note 1)

(Note 2)

DETECTION
LIMIT
(MDL)

pg/g wh

pg WHO-PCDD/F-TEQ/g wh

pg/g wh

pg/g wh

pg/g wh

2,3,7,8-TCDD

ND

< 0.01

0.01

TCDD

0

ND

0.01

1,2,3,7,8-PeCDD

ND

< 0.01

0.01

PeCDD

0

ND

0.01

1,2,3,4,7,8-HxCDD

ND

< 0.002

0.02

HxCDD

1

0.03

0.02

1,2,3,6,7,8-HxCDD

ND

< 0.002

0.02

HpCDD

0

ND

0.01

1,2,3,7,8,9-HxCDD

ND

< 0.002

0.02

OCDD

0

NDR (0.05)

0.04

1,2,3,4,6,7,8-HpCDD

ND

< 0.0001

0.01

Congeners

OCDD

Homologues

TOTAL DIOXINS

0.03

NDR (0.05)

< 0.000005

0.04

TCDF

4

0.10 E

0.01

2,3,7,8-TCDF

0.03

0.003

0.01

PeCDF

2

0.02

0.01

1,2,3,7,8-PeCDF

ND

< 0.0005

0.01

HxCDF

0

NDR (0.01)

0.01

2,3,4,7,8-PeCDF

0.01

0.005

0.01

HpCDF

0

ND

0.02

1,2,3,4,7,8-HxCDF

NDR (0.01)

< 0.001

0.01

OCDF

0

ND

0.05

1,2,3,6,7,8-HxCDF

ND

< 0.001

0.01

TOTAL FURANS

2,3,4,6,7,8-HxCDF

ND

< 0.001

0.01

Note 1: Results are corrected for surrogate recoveries (not corrected for

1,2,3,7,8,9-HxCDF

ND

< 0.001

0.01

1,2,3,4,6,7,8-HpCDF

ND

< 0.0001

0.01

1,2,3,4,7,8,9-HpCDF

ND

< 0.0002

0.02

OCDF
ND
TOTAL (Min. Possible: Detected + [ 0 x MDL x TEF
])

< 0.000005

0.05

TOTAL (Detected + [ 0.5 x MDL x TEF ])
TOTAL (Max. Possible: Detected + [ 1 x MDL x TEF
])

lab method blank).
Note 2: Concentration Detected (Method Detection Limit in case of ND or NDR)
multiplied by corresponding toxic equivalency factor (WHO 1998).
E signifies:

Possible chlorinated diphenyl ether interference

< 0.01

N/A signifies:

Not applicable

0.02

ND signifies:

Not detected

0.04

NDR signifies:

Not detected due to incorrect isotope ratio

N/R signifies:

Not reported
Whole
weight

wh signifies:
SURROGATE

0.12

QUANTITY

RECOVERY

ADDED (pg)

%

13C12-2,3,7,8-TCDD

2000

84

13C12-1,2,3,7,8-PeCDD

2000

13C12-1,2,3,4,7,8-HxCDD

2000

13C12-1,2,3,6,7,8-HxCDD

SURROGATE

QUANTITY
ADDED
(pg)

RECOVERY

13C12-2,3,7,8-TCDF

2000

82

83

13C12-1,2,3,7,8-PeCDF

2000

80

81

13C12-2,3,4,7,8-PeCDF

2000

82

2000

78

13C12-1,2,3,4,7,8-HxCDF

2000

86

13C12-1,2,3,4,6,7,8-HpCDD

2000

66

13C12-1,2,3,6,7,8-HxCDF

2000

85

13C12-OCDD

4000

56

13C12-2,3,4,6,7,8-HxCDF

2000

82

13C12-1,2,3,7,8,9-HxCDF

2000

78

13C12-1,2,3,4,6,7,8-HpCDF

2000

67

13C12-1,2,3,4,7,8,9-HpCDF

2000

67

%
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TABLE 9: TOXIC EQUIVALENCY FACTORS
WORLD HEALTH ORGANIZATION (WHO) 1998
DIOXIN – FURAN

TOXIC EQUIVALENCY FACTOR (TEF)

2,3,7,8-TCDD

1

1,2,3,7,8-PeCDD

1

1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD

0.1

1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
OCDD

0.01
0.0001

2,3,7,8-TCDF

0.1

1,2,3,7,8-PeCDF

0.05

2,3,4,7,8-PeCDF

0.5

1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF

0.1

2,3,4,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
1,2,3,4,6,7,8-HpCDF

0.01

1,2,3,4,7,8,9-HpCDF
OCDF

0.0001
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Table 10: Woodstock Liver Organochlorines Analysis

CLIENT NAME:

University of New Brunswick

SAMPLE MATRIX:

LIVER

CLIENT SAMPLE ID:

Woodstock

RPC SUBMISSION ID:

95770-10

Liver

RPC TASK ID:

77432

SAMPLING DATE:

N/A

DATE ANALYZED:

08-Sep-09

% SOLIDS:

N/A

CORRESPONDING CERTIFIED REF. MATERIAL:

N/A

% LIPID:

1.85%

CORRESPONDING LAB METHOD BLANK:

F00205

CHLORINATED

CONCENTRATION

TOXIC EQUIVALENT

METHOD

DIOXINS AND FURANS

DETECTED

CONCENTRATION (TEQ)

GROUPS

NUMBERS

CONCENTRATION

METHOD

OF PEAKS

DETECTED
(Note 1)

DETECTION
LIMIT
(MDL)

(Note 1)

(Note 2)

DETECTION
LIMIT
(MDL)

pg/g wh

pg WHO-PCDD/F-TEQ/g wh

pg/g wh

pg/g wh

pg/g wh

2,3,7,8-TCDD

ND

< 0.03

0.03

TCDD

0

ND

0.03

1,2,3,7,8-PeCDD

ND

< 0.04

0.04

PeCDD

0

ND

0.04

1,2,3,4,7,8-HxCDD

ND

< 0.005

0.05

HxCDD

1

0.10

0.06

1,2,3,6,7,8-HxCDD

ND

< 0.006

0.06

HpCDD

0

ND

0.10

1,2,3,7,8,9-HxCDD

ND

< 0.006

0.06

OCDD

0

NDR (0.13)

0.10

1,2,3,4,6,7,8-HpCDD

ND

< 0.001

0.10

NDR (0.13)

< 0.000013

0.10

TCDF

3

0.21 E

0.02

0.09 E

0.009

0.02

PeCDF

1

0.03

0.03

1,2,3,7,8-PeCDF

ND

< 0.0015

0.03

HxCDF

0

ND

0.03

2,3,4,7,8-PeCDF

0.03

0.015

0.03

HpCDF

0

ND

0.06

1,2,3,4,7,8-HxCDF

ND

< 0.002

0.02

OCDF

0

ND

0.14

1,2,3,6,7,8-HxCDF

ND

< 0.002

0.02

TOTAL FURANS

2,3,4,6,7,8-HxCDF

ND

< 0.003

0.03

Note 1: Results are corrected for surrogate recoveries (not corrected for

1,2,3,7,8,9-HxCDF

ND

< 0.004

0.04

1,2,3,4,6,7,8-HpCDF

ND

< 0.0004

0.04

1,2,3,4,7,8,9-HpCDF

ND

Congeners

OCDD
2,3,7,8-TCDF

< 0.0007

0.07

OCDF
ND
TOTAL (Min. Possible: Detected + [ 0 x MDL x TEF
])

< 0.000014

0.14

TOTAL (Detected + [ 0.5 x MDL x TEF ])
TOTAL (Max. Possible: Detected + [ 1 x MDL x TEF
])

Homologues

TOTAL DIOXINS

0.24

lab method blank).
Note 2: Concentration Detected (Method Detection Limit in case of ND or NDR)
multiplied by corresponding toxic equivalency factor (WHO 1998).
E signifies:

Possible chlorinated diphenyl ether interference

0.02

N/A signifies:

Not applicable

0.07

ND signifies:

Not detected

0.13

NDR signifies:

Not detected due to incorrect isotope ratio

N/R signifies:

Not reported
Whole
weight

wh signifies:
SURROGATE

0.10

QUANTITY

RECOVERY

ADDED (pg)

%

13C12-2,3,7,8-TCDD

2000

94

13C12-1,2,3,7,8-PeCDD

2000

13C12-1,2,3,4,7,8-HxCDD

2000

13C12-1,2,3,6,7,8-HxCDD

SURROGATE

QUANTITY
ADDED
(pg)

RECOVERY

13C12-2,3,7,8-TCDF

2000

91

90

13C12-1,2,3,7,8-PeCDF

2000

87

88

13C12-2,3,4,7,8-PeCDF

2000

89

2000

91

13C12-1,2,3,4,7,8-HxCDF

2000

97

13C12-1,2,3,4,6,7,8-HpCDD

2000

75

13C12-1,2,3,6,7,8-HxCDF

2000

100

13C12-OCDD

4000

67

13C12-2,3,4,6,7,8-HxCDF

2000

90

13C12-1,2,3,7,8,9-HxCDF

2000

88

13C12-1,2,3,4,6,7,8-HpCDF

2000

78

13C12-1,2,3,4,7,8,9-HpCDF

2000

77

%
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Table 11: Eel River Bar Fiddleheads Organochlorines Analysis

CLIENT NAME:

University of New Brunswick

SAMPLE MATRIX:

VEGETATION

CLIENT SAMPLE ID:

Eel River Bar

RPC SUBMISSION ID:

95770-11

Fiddleheads (Large Bag #1)

RPC TASK ID:

77433

SAMPLING DATE:

N/A

DATE ANALYZED:

08-Sep-09

% SOLIDS:

N/A

CORRESPONDING CERTIFIED REF. MATERIAL:

N/A

% LIPID:

N/A

CORRESPONDING LAB METHOD BLANK:

F00205

CHLORINATED

CONCENTRATION

TOXIC EQUIVALENT

METHOD

DIOXINS AND FURANS

DETECTED

CONCENTRATION (TEQ)

GROUPS

NUMBERS

CONCENTRATION

METHOD

OF PEAKS

DETECTED
(Note 1)

DETECTION
LIMIT
(MDL)

(Note 1)

(Note 2)

DETECTION
LIMIT
(MDL)

pg/g wh

pg WHO-PCDD/F-TEQ/g wh

pg/g wh

pg/g wh

pg/g wh

2,3,7,8-TCDD

ND

< 0.01

0.01

TCDD

0

ND

0.01

1,2,3,7,8-PeCDD

ND

< 0.01

0.01

PeCDD

0

ND

0.01

1,2,3,4,7,8-HxCDD

ND

< 0.002

0.02

HxCDD

0

ND

0.02

1,2,3,6,7,8-HxCDD

ND

< 0.002

0.02

HpCDD

0

ND

0.03

1,2,3,7,8,9-HxCDD

ND

< 0.003

0.03

OCDD

1

0.09

0.05

1,2,3,4,6,7,8-HpCDD

ND

< 0.0003

0.03

Congeners

OCDD

Homologues

TOTAL DIOXINS

0.09

0.09

0.000009

0.05

TCDF

2

0.02

0.01

NDR (0.01)

< 0.001

0.01

PeCDF

0

ND

0.01

1,2,3,7,8-PeCDF

ND

< 0.0005

0.01

HxCDF

0

ND

0.01

2,3,4,7,8-PeCDF

ND

< 0.005

0.01

HpCDF

0

ND

0.02

1,2,3,4,7,8-HxCDF

ND

< 0.001

0.01

OCDF

0

ND

0.05

1,2,3,6,7,8-HxCDF

ND

< 0.001

0.01

TOTAL FURANS

2,3,4,6,7,8-HxCDF

ND

< 0.001

0.01

Note 1: Results are corrected for surrogate recoveries (not corrected for

1,2,3,7,8,9-HxCDF

ND

< 0.002

0.02

1,2,3,4,6,7,8-HpCDF

ND

< 0.0001

0.01

1,2,3,4,7,8,9-HpCDF

ND

2,3,7,8-TCDF

< 0.0002

0.02

OCDF
ND
TOTAL (Min. Possible: Detected + [ 0 x MDL x TEF
])

< 0.000005

0.05

TOTAL (Detected + [ 0.5 x MDL x TEF ])
TOTAL (Max. Possible: Detected + [ 1 x MDL x TEF
])

lab method blank).
Note 2: Concentration Detected (Method Detection Limit in case of ND or NDR)
multiplied by corresponding toxic equivalency factor (WHO 1998).
E signifies:

Possible chlorinated diphenyl ether interference

< 0.01

N/A signifies:

Not applicable

0.02

ND signifies:

Not detected

0.04

NDR signifies:

Not detected due to incorrect isotope ratio

N/R signifies:

Not reported
Whole
weight

wh signifies:
SURROGATE

0.02

QUANTITY

RECOVERY

ADDED (pg)

%

13C12-2,3,7,8-TCDD

2000

87

13C12-1,2,3,7,8-PeCDD

2000

13C12-1,2,3,4,7,8-HxCDD

2000

13C12-1,2,3,6,7,8-HxCDD

SURROGATE

QUANTITY
ADDED
(pg)

RECOVERY

13C12-2,3,7,8-TCDF

2000

84

85

13C12-1,2,3,7,8-PeCDF

2000

84

80

13C12-2,3,4,7,8-PeCDF

2000

83

2000

86

13C12-1,2,3,4,7,8-HxCDF

2000

83

13C12-1,2,3,4,6,7,8-HpCDD

2000

74

13C12-1,2,3,6,7,8-HxCDF

2000

88

13C12-OCDD

4000

67

13C12-2,3,4,6,7,8-HxCDF

2000

83

13C12-1,2,3,7,8,9-HxCDF

2000

84

13C12-1,2,3,4,6,7,8-HpCDF

2000

80

13C12-1,2,3,4,7,8,9-HpCDF

2000

76

%
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Table 12: Eel River Bar Moose Organochlorines Analysis

CLIENT NAME:

University of New Brunswick

SAMPLE MATRIX:

MOOSE

CLIENT SAMPLE ID:

Eel River Bar

RPC SUBMISSION ID:

95770-13

Moose Steak

RPC TASK ID:

77434

SAMPLING DATE:

N/A

DATE ANALYZED:

08-Sep-09

% SOLIDS:

N/A

CORRESPONDING CERTIFIED REF. MATERIAL:

N/A

% LIPID:

1.98%

CORRESPONDING LAB METHOD BLANK:

F00205

CHLORINATED

CONCENTRATION

TOXIC EQUIVALENT

METHOD

DIOXINS AND FURANS

DETECTED

CONCENTRATION (TEQ)

GROUPS

NUMBERS

CONCENTRATION

METHOD

OF PEAKS

DETECTED
(Note 1)

DETECTION
LIMIT
(MDL)

(Note 1)

(Note 2)

DETECTION
LIMIT
(MDL)

pg/g wh

pg WHO-PCDD/F-TEQ/g wh

pg/g wh

pg/g wh

pg/g wh

2,3,7,8-TCDD

ND

< 0.01

0.01

TCDD

1

0.01

0.01

1,2,3,7,8-PeCDD

ND

< 0.01

0.01

PeCDD

0

ND

0.01

1,2,3,4,7,8-HxCDD

ND

< 0.002

0.02

HxCDD

0

ND

0.02

1,2,3,6,7,8-HxCDD

ND

< 0.002

0.02

HpCDD

0

ND

0.04

1,2,3,7,8,9-HxCDD

ND

< 0.002

0.02

OCDD

0

NDR (0.06)

0.05

1,2,3,4,6,7,8-HpCDD

ND

< 0.0004

0.04

Congeners

OCDD

Homologues

TOTAL DIOXINS

0.01

NDR (0.06)

< 0.000006

0.05

TCDF

4

0.12 E

0.01

2,3,7,8-TCDF

0.06

0.006

0.01

PeCDF

0

NDR (0.01)

0.01

1,2,3,7,8-PeCDF

ND

< 0.0005

0.01

HxCDF

0

NDR (0.01 E)

0.01

2,3,4,7,8-PeCDF

NDR (0.01)

< 0.005

0.01

HpCDF

1

0.02 E

0.02

1,2,3,4,7,8-HxCDF

ND

< 0.001

0.01

OCDF

0

ND

0.05

1,2,3,6,7,8-HxCDF

ND

< 0.001

0.01

TOTAL FURANS

2,3,4,6,7,8-HxCDF

NDR (0.01 E)

< 0.001

0.01

Note 1: Results are corrected for surrogate recoveries (not corrected for

1,2,3,7,8,9-HxCDF

ND

< 0.001

0.01

1,2,3,4,6,7,8-HpCDF

0.02 E

0.0002

0.01

1,2,3,4,7,8,9-HpCDF

ND

< 0.0002

0.02

OCDF
ND
TOTAL (Min. Possible: Detected + [ 0 x MDL x TEF
])

< 0.000005

0.05

TOTAL (Detected + [ 0.5 x MDL x TEF ])
TOTAL (Max. Possible: Detected + [ 1 x MDL x TEF
])

lab method blank).
Note 2: Concentration Detected (Method Detection Limit in case of ND or NDR)
multiplied by corresponding toxic equivalency factor (WHO 1998).
E signifies:

Possible chlorinated diphenyl ether interference

< 0.01

N/A signifies:

Not applicable

0.02

ND signifies:

Not detected

0.04

NDR signifies:

Not detected due to incorrect isotope ratio

N/R signifies:

Not reported
Whole
weight

wh signifies:
SURROGATE

0.14

QUANTITY

RECOVERY

ADDED (pg)

%

13C12-2,3,7,8-TCDD

2000

84

13C12-1,2,3,7,8-PeCDD

2000

13C12-1,2,3,4,7,8-HxCDD

2000

13C12-1,2,3,6,7,8-HxCDD

SURROGATE

QUANTITY
ADDED
(pg)

RECOVERY

13C12-2,3,7,8-TCDF

2000

79

82

13C12-1,2,3,7,8-PeCDF

2000

83

74

13C12-2,3,4,7,8-PeCDF

2000

81

2000

83

13C12-1,2,3,4,7,8-HxCDF

2000

83

13C12-1,2,3,4,6,7,8-HpCDD

2000

67

13C12-1,2,3,6,7,8-HxCDF

2000

84

13C12-OCDD

4000

56

13C12-2,3,4,6,7,8-HxCDF

2000

76

13C12-1,2,3,7,8,9-HxCDF

2000

76

13C12-1,2,3,4,6,7,8-HpCDF

2000

66

13C12-1,2,3,4,7,8,9-HpCDF

2000

66

%
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Table 13: Eel River Bar Salmon Organochlorines Analysis

CLIENT NAME:

University of New Brunswick

SAMPLE MATRIX:

FISH TISSUE

CLIENT SAMPLE ID:

Eel River Bar

RPC SUBMISSION ID:

95770-16

Salmon Fillet

RPC TASK ID:

77437

SAMPLING DATE:

N/A

DATE ANALYZED:

08-Sep-09

% SOLIDS:

N/A

CORRESPONDING CERTIFIED REF. MATERIAL:

N/A

% LIPID:

N/A

CORRESPONDING LAB METHOD BLANK:

F00205

CHLORINATED

CONCENTRATION

TOXIC EQUIVALENT

METHOD

DIOXINS AND FURANS

DETECTED

CONCENTRATION (TEQ)

GROUPS

NUMBERS

CONCENTRATION

METHOD

OF PEAKS

DETECTED
(Note 1)

DETECTION
LIMIT
(MDL)

(Note 1)

(Note 2)

DETECTION
LIMIT
(MDL)

pg/g wh

pg WHO-PCDD/F-TEQ/g wh

pg/g wh

pg/g wh

pg/g wh

2,3,7,8-TCDD

ND

< 0.02

0.02

TCDD

0

ND

0.02

1,2,3,7,8-PeCDD

ND

< 0.04

0.04

PeCDD

0

ND

0.04

1,2,3,4,7,8-HxCDD

ND

< 0.004

0.04

HxCDD

1

0.16

0.04

1,2,3,6,7,8-HxCDD

ND

< 0.004

0.04

HpCDD

0

ND

0.09

1,2,3,7,8,9-HxCDD

ND

< 0.005

0.05

OCDD

0

ND

0.14

1,2,3,4,6,7,8-HpCDD

ND

< 0.0009

0.09

OCDD

ND

< 0.000014

0.14

TCDF

8

1.22 E

0.02

2,3,7,8-TCDF

0.57

0.057

0.02

PeCDF

3

0.38 E

0.02

1,2,3,7,8-PeCDF

0.06 E

0.003

0.02

HxCDF

2

0.05 E

0.03

2,3,4,7,8-PeCDF

0.16

0.08

0.02

HpCDF

0

NDR (0.03)

0.04

1,2,3,4,7,8-HxCDF

0.03 E

0.003

0.02

OCDF

0

ND

0.07

1,2,3,6,7,8-HxCDF

0.02 E

0.002

0.02

TOTAL FURANS

2,3,4,6,7,8-HxCDF

ND

< 0.003

0.03

Note 1: Results are corrected for surrogate recoveries (not corrected for

1,2,3,7,8,9-HxCDF

ND

< 0.004

0.04

1,2,3,4,6,7,8-HpCDF

NDR (0.03)

< 0.0003

0.03

1,2,3,4,7,8,9-HpCDF

ND

Congeners

< 0.0005

0.05

OCDF
ND
TOTAL (Min. Possible: Detected + [ 0 x MDL x TEF
])

< 0.000007

0.07

TOTAL (Detected + [ 0.5 x MDL x TEF ])
TOTAL (Max. Possible: Detected + [ 1 x MDL x TEF
])

Homologues

TOTAL DIOXINS

1.65

lab method blank).
Note 2: Concentration Detected (Method Detection Limit in case of ND or NDR)
multiplied by corresponding toxic equivalency factor (WHO 1998).
E signifies:

Possible chlorinated diphenyl ether interference

0.15

N/A signifies:

Not applicable

0.19

ND signifies:

Not detected

0.23

NDR signifies:

Not detected due to incorrect isotope ratio

N/R signifies:

Not reported
Whole
weight

wh signifies:
SURROGATE

0.16

QUANTITY

RECOVERY

ADDED (pg)

%

13C12-2,3,7,8-TCDD

2000

89

13C12-1,2,3,7,8-PeCDD

2000

13C12-1,2,3,4,7,8-HxCDD

2000

13C12-1,2,3,6,7,8-HxCDD

SURROGATE

QUANTITY
ADDED
(pg)

RECOVERY

13C12-2,3,7,8-TCDF

2000

85

91

13C12-1,2,3,7,8-PeCDF

2000

85

89

13C12-2,3,4,7,8-PeCDF

2000

85

2000

89

13C12-1,2,3,4,7,8-HxCDF

2000

94

13C12-1,2,3,4,6,7,8-HpCDD

2000

74

13C12-1,2,3,6,7,8-HxCDF

2000

92

13C12-OCDD

4000

63

13C12-2,3,4,6,7,8-HxCDF

2000

85

13C12-1,2,3,7,8,9-HxCDF

2000

84

13C12-1,2,3,4,6,7,8-HpCDF

2000

74

13C12-1,2,3,4,7,8,9-HpCDF

2000

72

%
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HEALTH RESULTS
This sample consisted of 50 respondents from Eel River Bar, 48 from Pabineau, which were the
reserves where there had been known heavy metal contamination, and 50 from Woodstock and
14 from Kingsclear First Nations where there was no known contamination.
Figure 5: Proportion of sample by reserves

Figure 6: Age categories by reserve
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Since the Kingsclear First Nation sample only consisted of 14 people, it has fewer in each
of the categories. As is evident from the above chart, this convenience sample included an
overrepresentation of older females in the Eel River Bar group. While the majority (69%) of this
sample was between 30 and 59 years of age, 22% were over the age of sixty.
Figure 7: Sample by categories < 45 years old or >45 years old

Figure 8: Sex of respondents

More than half (56%) of this sample
were female.
female
male
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Education
Figure 9: Highest level of education achieved
More than 66% of this sample
had at minimum completed

Degree or diploma

high school, and about 19% of

Some
postsecondary

these had completed a college
Grade 12 or GED

diploma or university degree
Grades 8-<12

and another 23% had taken

0%

5%

10%

15%

20%

25%

30%

some postsecondary education.

Perception and experience of health

Figure 10: Perception of health

50%

The majority (64%) of this sample

45%
40%

perceived their health to be good

35%
30%

or excellent. While only 5%

25%
20%

perceived that they had poor

15%
10%
5%

health, 31% said that

0%
Excellent

Good

Fair

Poor

their overall health is only fair.
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Figure 11: Poor health

While 69% said that they had none to three days in the past month when their physical health was
not good, 62% said this in relation to mental health. On the other hand, 12% said that their
physical health was not good for 20-30 days of the past 30 day and 17% said their mental health
was not good for 20-30 days in the last 30 days.
Figure 12: Interference with usual activities
The majority of
respondents in this
study spent less than 3
days when their usual
activities were limited
either by pain (76%) or
poor physical or mental health (82%). Almost 16% were limited more than 10 of the past 30 days
due to pain and over nine percent by physical or mental ill-health.
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Figure 13: Number of respondents with physicians
While the majority of respondents
only have one doctor, 21% have
more than one which is likely due
to seeing specialists, and 9% do
not have a family doctor. Of this
group of people, 22% had not
been to a doctor in the past 6 months, but 14% had been six or more times in this period.
Figure 14: Frequency of visits to doctors

The majority of these respondents (59%) had seen their physician once in the past six months.
Almost 15% had been to see their physician six times in six months and 25% had been to their
doctor between three and five times in the past six months. Only 22% had not seen a doctor in the
past 6 months.
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Health differences according to sex and age of respondents
As a whole, there were several differences evident according to the sex and the age of the
respondents.

Table 14: Health differences according to sex of the respondent
Health

Sex

variable

Number

Mean

diagnosed

Standard

T

df

deviation

Sig. (2tailed)

with
problem
Health care

M

72

3.4861

1.29998

access

F

90

2.9889

1.09641

Cholesterol

M

69

4.2174

3.04317

F

88

5.4886

2.94780

M

72

4.1250

1.41359

F

90

4.6000

1.26135

Alcohol /

M

71

2.5211

2,46611

drug use

F

90

1.2667

1.49004

Smoking

2.640

160

.009

- 2.644

155

.009

-2.257

160

.025

3.992

159

.000

Males had a significantly higher perception of their access to health care services than did
females. Females had significantly more cholesterol problems than did the males in this sample.
As well, women had significantly worse smoking problems than did the men in this sample.
Finally, men had a significantly worse problem with alcohol and drug intake than did the women
in this study.
Those who were over 45 years of age were significantly more likely to have problems
with diabetes, cholesterol levels and hypertension. They were significantly less likely to have
problems with the use of alcohol and drugs. Finally, they were significantly more likely to have
concerns about problems in their home and environment with pollutants such as mold in their
house, and concern about the contamination of their reserve.
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Table 15: Health differences according to age category of the respondent
Health

Age

Number

variable

category

diagnosed

Mean

Standard

T

df

deviation

Sig.
(2-

with

tailed)

problem
Diabetes

<45

69

1.7826

3.12424

45+

93

4.6559

5.56482

<45

64

3.8281

3.15501

45+

93

5.6882

2.72853

Hypertension <45

69

4.7101

5.11083

45+

93

7.6882

4.67644

Alcohol /

<45

69

2.3478

2.07099

drug use

45+

92

1.4239

1.99027

Environment

<45

68

5.0294

1.97726

45+

93

5.7204

1.89028

Cholesterol

- 3.859

160

.000

- 3.929

155

.000

- 3.852

160

.000

2.865

159

.005

- 2.247

159

.026

In summary, this sample is a relatively well-educated group most of whom are healthy
most of the time. There is a small portion of this sample whose lives have been limited by ill
health, some of these from physical causes and other mental in nature. Those whose health has
been rated as poor or fair have visited their doctors more frequently in an attempt to manage their
health challenges. In the following sections, we will present the findings of our comparison of the
health of people living on reserves where there has been known environmental contamination
with that of people living on reserves where such contamination has not been identified. As well,
we will present the findings of this study in relation to the prevalence of particular disease, like
diabetes and cardiovascular diseases and the correlations we discovered in this data. We will also
support our findings through the results of heavy metal and organochlorines testing of foods
donated by respondents.
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COMPARISON OF HEALTH STATUS OF SAMPLE LIVING ON RESERVES WITH
KNOWN ENVIRONMENTAL CONTAMINATION WITH THOSE LIVING ON
RESERVES WITHOUT KNOWN CONTAMINATION
Once the difference in the number of older females in the Eel River Bar sample was
controlled for, there were no significant differences between the responses of those respondents
from Eel River Bar and Pabineau, so these were combined into the known contaminants
population (n=98), and the respondents from Woodstock and Kingsclear were combined into the
no known contaminants groups (n=64). The results of these two groups, the known versus no
known contaminants were then compared.
When the sex of the respondents of the two comparison groups was factored into the
analysis, there was no statistical difference, so that the two groups were considered to be similar
with regard to sex distribution.
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Figure 15: Sex distribution of comparison groups

The statistical analysis, a Chi square, demonstrated that neither gender nor age influenced the
response patterns of either comparison group. The difference between the two groups’ lifestyle
patterns of smoking, alcohol and physical activity were then examined. None of the Chi Square
test results were significant, leading to the conclusion that neither gender, age, nor the lifestyle
variables had a significant effect within or between the two comparison groups. As a result, it
was concluded that any differences between the study comparison groups, the known and
unknown samples were more likely to have resulted from living in an area that was contaminated
with heavy metals or organochlorines, such as dioxins and PCBs.
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Significant differences in comparison groups
Obesity
Only one of the respondents in the group living on reserves where there was no known
environmental contamination was underweight and had a Body Mass Index (BMI) under 18.
The (BMI) of those in known environmental contaminated reserves was significantly higher than
that of those living in No Known Contamination reserves, Chi Square value = 7.347, which had a
significance (2-tailed) of 0.025. More than half the known contaminant group had a BMI in the
BMI category of over 29, or obese level. Those in the known contaminant group were
significantly more likely to have cholesterol problems in their family, Chi Square value = 12.163,
which had a significance (2-tailed) of 0.000 and to have had their cholesterol checked
significantly more often, Chi Square value =5.545, which had a significance (2-tailed) of 0.019.
Physical activity
This level of obesity is even more remarkable in view of the finding that the known
contaminant group was significantly more physically active than the unknown group. The known
contaminant group was significantly more likely to engage in moderate activity for at least 10
minutes at a time than the unknown group, Chi square value = 15.029,, which has a significance
(2-tailed) of .000. As well the number of days per week when a participant engages in moderate
activity for at least 10 minutes was significantly higher for the contaminants group, Chi square of
6.447, with a significance (2-tailed) of .039. Finally, the known contaminant group spent
significantly more time per day in moderate activities than the unknown contaminant group, Chi
square of 7.307, with a significance value (2-tailed) of .026.
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Table 16: Pearson chi square results of comparison between known and unknown
environmental contaminants
Variable

Value

Df

Asym.Sig.
(2-tailed)

Obesity

7.347

Any moderate activities for at least 10 15.029

2

.025

1

.000

2

.039

2

.026

minutes at a time
Number of days/week of participation for 6.477
at least 10 minutes at a time
Total amount of time per day spent doing 7.307
moderate activities
Cholesterol problems in family

12.163

1

.000

Ever had cholesterol checked

4.545

1

.015

Gastrointestinal problems
The known contaminants group also had significantly more gastrointestinal problems in their
family than the unknown group, Chi square value = 5.792, with a significance (2-tailed) of .016.
As well, significantly more of the known contaminant group had suffered from pain in their
stomach or feeling gaseous after eating fried food, Chi square value = 7.583, with a significance
(2-tailed) of .023.
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Table 17: Pearson Chi-Square results of comparison between known and unknown
environmental contaminants: Gastrointestinal problems
Variable

Value

Df

Asym.Sig.
(2-tailed)

Any gastrointestinal problems in your 5.792

2

.016

2

.023

family
Have pain in your stomach or feel gassy 7.583
after eating fried food

The no known contaminants group were significantly more likely to eat fatty foods like fries or
chips, Chi Square = 6.171, significance of .046.
Environmental concerns
The known contaminant group lives on land where contamination with heavy metals has
been documented in previous studies. Therefore, it is not surprising that the known contaminant
group were significantly more concerned about the environment of their reserve and its effects on
their health, Chi Square = 8.321, with a significance (2- tailed) of .004. This concern was evident
in that significantly more of those in the known contaminants sample reported that fiddleheads, a
traditional food were not important to them, Chi Square value = 8.724, which had a significance
(2-tailed) of 0.003. Most of the documented contamination in the known contaminant reserves
has been related to contamination of the land and the food, such as fiddleheads and blueberries
grown on this land. This finding is supported by the evidence that the known contaminants group
were significantly less likely to donate a sample of fiddleheads to be tested for contaminants, Chi
Square value = 12.034, which had a significance (2-tailed) of 0.001. Since participants went into
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their freezers to gather samples of food for this study, it would be a logical assumption that those
in known contaminants reserves were less likely to have fiddleheads in their freezers than those
in the no known contaminants group.
The known contaminants sample rated traditional food, such as wild fish as significantly
more important than the no known group, Chi Square value = 12.944, which had a significance
(2-tailed) of 0.000. Traditional practices are evidenced by participation in spiritual practices,
which was significantly more common among those in the known contaminants group Chi
Square value = 9.431, which had a significance (2-tailed) of 0.002.
Table 18 Pearson Chi-Square results of comparison between known and unknown
environmental contaminants:
Variables

Chi Square

Df

Asym.Sig.
(2-tailed)

Concerned about the environment of reserve 8.321

1

.004

7.583

2

.023

are 8.724

1

.002

1

.001

1

.003

and its effects on their health
Traditional wild fish is important
Traditional

foods

like

fiddleheads

important
Donated

fiddleheads

for

environmental 12.034

contaminant analysis
Participate in spiritual practices

9.431
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Cardiovascular health
While there were no significant differences between the vital signs (BP, pulse and
respiratory rate) of the two groups, the known contaminants group were significantly less likely
to have Hypertension in their family, Chi Square value = 4.242, which had a significance (2tailed) of 0.039. Those who had been diagnosed with Hypertension among the known
contaminants group were significantly more likely to have engaged in the following health
practices in order to lower their blood pressure: (a) decreased their salt intake, Chi Square value =
9.258, which had a significance (2-tailed) of 0.010, and (b) reduced their alcohol intake, Chi
Square value = 8.009, which had a significance (2-tailed) of 0.018.
The known contaminants group were significantly less likely to have been advised by a
physician to exercise to lower their blood pressure, Chi Square value = 5.134, which had a
significance (2-tailed) of 0.023. As well, the known contaminants group were significantly more
likely to report only having one physician, Chi Square value = 9.555, which had a significance
(2-tailed) of 0.008. This may have been related to their location in the northern section of the
province, further from the majority of health services.
Significant health issues among the whole sample of respondents
Cancer
There was no significant difference between those living in the known contaminants
environment and those living in the unknown contaminants environment, although there was a
trend for cancer to be found more in respondents living in known contaminant land than those
living in unknown contaminant areas. Of the total sample, 9.8% had ever had cancer. The kinds
of cancer that were identified included cervical cancer (28.5%) and uterine or ovarian cancers
(36%). Approximately 7% respectively had developed cancer of the eye, kidney, large bowel and
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skin. Those with cancer had significantly more allergies, perceived their health to be significantly
worse, had higher levels of cholesterol, participated in significantly more traditional spiritual
practices and had significantly more children born with developmental problems.
Table 19: Cancer and its association with other health variables
Health

Ever

N

Mean

variable

diagnosed

(2-

with cancer

tailed)

No

132

1.6667

Yes

15

2.8667

Perception of

No

138

15.9493

health

Yes

15

13.1333

Cholesterol

No

134

4.7463

Yes

15

7.2000

Spiritual

No

135

1.6000

practices

Yes

15

2.2667

Child

No

68

.1912

development

Yes

14

.5000

Environment

No

138

5.3986

Yes

14

6.4286

Allergy

T

df

Sig.

-2.668

145

.008

2.433

151

.016

-3.043

147

.003

-3.226

148

.002

-2.104

80

.039

-1.900

150

.059

Diabetes
While almost 76% of the respondents acknowledged that diabetes runs in their family,
26.5% had themselves been diagnosed with diabetes. Only 9.5% were diagnosed before age 30.
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Figure 16: Age of diagnosis of Diabetes

Almost 48% were diagnosed between 31 and 49 years of age and another 42% after the age of 50.
The severity of diabetes experienced by this population is evident in that 50% have numbness in
their extremities. Almost 17% of the diabetics in this sample are treated with Insulin and 76.2%
by diabetic pills, mostly Metformin, leaving 7% being treated with diet and exercise regimes
alone. Ten percent of these diabetics routinely take the traditional medicines of muskrat root or
calmus root, and/or wintergreen with the intent of treating their diabetes.

Figure 17: Frequency of self-monitoring of blood glucose
Almost 67% test their blood glucose at
most a few times a week. At the time of
this interview, screening of blood
glucose identified that 31% had blood
glucose levels that would be associated
with long term cardiovascular and other
health complications, according to the
Canadian Diabetic Best Practices
Guidelines (2008).

Environmental contaminants and human health

79

Figure 18: Frequency of visits to doctor related to diabetes

Eighty-three percent had
talked with a health care
professional about their
diabetes. Over 1/3 of these
diabetics saw their doctor
every two months for their
diabetes, demonstrating their
efforts to balance their
diabetes and limit its complications.
There was a significant association between those with a family history of diabetes,
cardiovascular disease and gastrointestinal disease and those with a diagnosis of diabetes.
Table 20: Diabetes score and its relationship to other health variables
Health

Number diagnosed

variable

with problem

Mean

T

Df

Sig. (2tailed)

Family history

No

36

1.2778

of diabetes

Yes

113

4.4248

Family history

No

52

4.4808

of Cholesterol

Yes

68

5.5000

Family history

No

46

.9130

of

Yes

109

2.9083

Family history

No

68

3.8529

of gastro-

Yes

62

5.9516

-3.431

147

.001

1.865

118

.065

-6.811

153

.000

-6.027

128

.000

problems

cardiovascular
problems

intestinal
problems
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Those with a family history of diabetes are significantly more likely to develop diabetes and to
manage it better than those without a family history of diabetes. A family history of elevated
cholesterol levels was not significantly more likely to develop elevated levels of high density
cholesterol. However, a family history of both cardiovascular and gastro-intestinal problems was
significantly associated with more cardiovascular problems and gastro-intestinal problems among
the respondents respectively.
Table 21: Significant Pearson Correlations between Diabetes
and other health variables.
Chronic

Other health

Pearson

Sig. (2-

N

illness

scale

correlation

tailed)

Diabetes

Hypertension

.389

.000

162

Cholesterol

.279

.000

157

Cardiovascular .311

.000

162

.016

161

diseases
Alcohol and/or -.190
Drugs scale

From Table 6, it is evident that diabetes was significantly positively related to hypertension,
cholesterol and cardiovascular diseases and significantly inversely related to levels of alcohol and
drug use.
There was a significant difference in the diabetes score (the severity of symptoms) with
increasing levels of BMI. As the BMI level increased the diabetes score worsened, meaning that
the respondents had more severe or uncontrolled diabetes symptoms. The same is true for
hypertension and gastro-intestinal disease.
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Table 22: ANOVA results of the significant difference in chronic illnesses according to the
level of BMI
Chronic

BMI level

Mean

illness

Standard

F

Sig.

deviation

Diabetes

18-24

2.000

3.83761

25-28

1.2963

2.78478

29+

4.4359

5.19638

Hypertension 18-24

4.4783

4.97146

25-28

5.8889

4.25301

29+

7.7308

5.04955

Gastro-

18-24

4.0435

1.52191

intestinal

25-29

4.4074

1.78151

disease

29+

5.862

1.80962

Sheffe test
sig.

5.944

.003

.010

4.453

.014

.022

13.006

.000

.000

Almost 80% of these respondents had participated in physical activities or exercises in the
past month and 82.4% had engaged in at least 10 minutes of moderate activity at a time.

Figure 19: Number of days/week spent in moderate activities
for at least 10 minutes
Ninety-five percent of
these participants were at
least moderately active
for 10 minutes or more
two to 7 days a week.
Only 5% were minimally
active at best being active
one day per week. Over
48% spent more than two hours per day doing moderate activities. This is an exceptional amount
of physical activity and speaks to the lifestyle of these First Nations persons.
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In summary, diabetes diagnosis had been diagnosed in 26.5% of this sample and was
significantly associated with a family history of diabetes. The severity of diabetes symptoms was
positively associated with cholesterol levels, BMI level, hypertension and gastrointestinal
disease.

Cardiovascular disorders
Having an increased level of low density cholesterol was significantly related to
hypertension, cardiovascular disease such as heart attacks or strokes, diabetes, increased
nutritional intake of traditional foods, and gastro-intestinal problems. Less than 3% of the
respondents used garlic, onions, cucumbers, flaxseed oil and lecithin as traditional treatments to
help increase their low density cholesterol levels and garlic, onions and tomatoes to prevent
cardiovascular disease.
Table 23: Significant Pearson Correlations between Cardiovascular
disorders and other health variables
Chronic

Other health scale

Pearson

Sig. (2-

correlation

tailed)

Hypertension

.277

.000

157

Cardiovascular diseases

.225

.005

157

Diabetes

.279

.000

157

Nutrition level

.226

.004

157

Gastro-intestinal problems .195

.014

157

illness
Increased

N

levels of
Cholesterol

Hypertension was negatively correlated with respondents’ perception of health status, and
positively associated with cardiovascular diseases, diabetes, and gastro-intestinal problems.
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Table 24: Significant associations between hypertension and other health variables
Chronic

Other health scale

Pearson

Sig. (2-

N

illness

correlation

tailed)

Hypertension Perception of health status

-.179

.023

162

Cardiovascular diseases

.344

.000

162

Diabetes

.389

.000

162

Gastro-intestinal problems .283

.000

162

Cardiovascular disease, in the form of heart attacks, strokes or others were negatively associated
with the respondents’ perception of their health status, but positively associated with allergies,
diabetes, gastro-intestinal problems, levels of cholesterol, hypertension and women’s health
which includes endometriosis, problems with menstrual periods, pregnancies and stillbirths.

Table 25: Cardiovascular disease and its association with other health variables
Chronic

Other health scale

Pearson

Sig. (2-

N

illness

correlation

tailed)

Cardiovascular Perception of health status

-.170

.031

162

Allergies

.253

.001

156

Diabetes

.311

.000

162

Gastro-intestinal problems .346

.000

162

Cholesterol

.225

.005

157

Hypertension

.344

.000

162

Women’s health

.302

.004

88

disease
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Figure 20: Cardiovascular symptoms

As a whole, this sample
of First Nations people
has a fairly high level of
cardiovascular problems,
with 7% having had a
heart attack, 3% a stroke,
3% having had heart
surgery, 31%
experiencing chest pain, swollen feet and legs, and problems with their circulation, such as blood
clots, numbness and poor healing.

Gastro-intestinal health
Gastrointestinal disease was negatively associated with the perception of health status,
and positively associated with child development, cardiovascular disease, hypertension and
depression. It was not significantly associated with nutrition.
Table 26: Gastro-intestinal problems and other health variables
Chronic

Other health scale

Pearson

Sig. (2-

correlation

tailed)

Perception of health status

-.159

.043

162

Depression

.174

.033

151

Child development

.243

.024

86

Cardiovascular disease

.346

.000

162

Cholesterol

.195

.014

157

Hypertension

.283

.000

162

Nutrition

.083

.296

162

illness
Gastro-

N

intestinal
disease
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Figure 21: Gastro-intestinal changes in past month

Evidence of gastrointestinal problems
is found in the
significant weight
gain (11%) or loss
(14%) as well as
bowel changes in
22% and changes in
appetite or smell of
27% of respondents. Almost 50% suffer from pain or gaseous feelings after eating fatty food.
More than 75% limit their intake of fatty foods such as French fries to once to three times per
week.

Allergies
Over half (56.2%) of the respondents have allergies. Almost 70% experience rhinitis and
teary eyes, and 60% experience skin rashes when experiencing an allergy attack. Almost 42%
experience coughing or wheezing when exposed to allergens.

Figure 22: Symptoms of allergy attacks
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Smoking
Figure 23: Smoking behaviors

While 81% ever
smoked, currently 54%
are smokers of
cigarettes and 76%
have ever smoked
marijuana. Although
88% have rules about
smoking in their home,
demonstrating that they have thought about this issue, over 45% still allow smoking in their
home.

Alcohol and drug use
Figure 24: Drug and alcohol behaviors

Over 46% had had at
least one drink in the
past month, with 65%
having at least four
drinks half of these
having seven or more
on one occasion.
Although 31% acknowledged that they had had an alcohol addiction, only 24% said they had had
a problem with alcohol use in the past six months. Alcohol and drug use was positively
associated with healthcare access, (p=.ooo) and with diabetes (p=.016).
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Spiritual practices
Figure 25: Participating in spiritual practices
Almost 41% participate
in spiritual practices,
with 43% burning sweet
grass and 67% having
sweet grass in their
home.

Depression
Thirty percent of the respondents in this group said that they have been diagnosed with
depression. More than half (52%) had trouble concentrating on things like a TV program or
reading the newspaper at least a few times a week and 48% had trouble concentrating a few times
per month. In the past 2 weeks, all had moved so slowly at times that others noticed. Almost 53%
moved this slowly several times per month. At least 18% were exhibiting behaviors on a daily
basis that are commonly found in depression.
Figure 26: Depression symptoms
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Depression was negatively associated with allergies (p=.017) and gastro-intestinal disease
(p=.033).

Environmental problems
All of the respondents occasionally burn wood or kerosene in their homes, with 43%
using them daily and 65% at least weekly. Forty-five percent have mold in their homes that is
greater than the size of an American dollar bill. While 55% said that they believe their tap water
is safe to drink, 37% drink bottled water at home. Almost 78% expressed concern about the
environment of the reserve on which they live and its effect on their health.

Figure 27: Environmental risk factors

The environment score was negatively associated with access to health care (p= .025) and
positively associated with physical activity score (p=.047), with a nutritional intake (p=.002), and
with depression (p=.049).
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Nutritional intake
Only 14% of this group of First Nations people had a vegetable garden.
Figure 28: Frequency of eating fresh vegetables from garden
However, 1/3 eat fresh vegetables
from gardens daily, 12% eat them
4-5 times weekly and 55% eat
vegetables from a garden at least
once a week. This access to fresh
vegetables is an important asset for
their nutritional status. As well, traditional foods like moose and venison were rated as important
to 57% of this group and all of them eat these meats at least monthly, with 19% eating them at
least several times per week.
Wild berries were important to 84%, with all eating them at least once a week, and 16%
of these eating them daily. While 71% said that fiddleheads were important to them, 77% ate
them only a few times a year and only 7.2% ate them at least weekly. In this whole group of
respondents, almost 76% stated that wild fish, like salmon were important to them but only 4%
ate fish more than four times per week.
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Table 27: Association between the importance of wild fish and other health variables
Health

Traditional Number

variable

fish

diagnosed

(2-

important

with

tailed)

to you

problem

Yes

120

11.3167

No

39

8.4615

Yes

117

5.3932

No

37

3.5405

Yes

62

.2903

22

.0000

Nutrition

Cholesterol

Child

development No

Mean

T

df

Sig.

5.252

157

.000

3.337

152

.001

2.587

82

.011

Those with Diabetes and Hypertension were more likely to take traditional treatments as well as
the prescribed treatments for their condition. No other health variable was significantly related to
intake of traditional treatments. Approximately 13% of respondents took traditional medications;
those used for diabetes in this sample were muskrat root, calmus root, and wintergreen and for
hypertension, respondents were eating garlic, onions and tomatoes.

Table 28: Association between the practice of taking traditional medications
or treatments and other health variables
Health

Taking

Number

Mean

T

df

Sig.

variable

Traditional diagnosed

(2-

Treatments with

tailed)

problem
Diabetes

Yes

21

5.7619

No

136

3.0294

21

8.5714

136

6.0515

Hypertension Yes
No

2.438

155

.016

2.139

155

.034
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Women’s health
Figure 29: Number of pregnancies
Only 6% of the women
in this study had never
had a pregnancy.
Twenty-four percent
had been pregnant once
or twice, with the
majority (57%) were pregnant three to five times and 14% had been pregnant six or more times.

Figure 30: Number of miscarriages

Forty-four percent of these
women had had at least one
miscarriage, 8% of these
having had between three and
five miscarriages. Another 5%
had experienced at least one
stillbirth. Over 11% had been diagnosed with Endometriosis. Finally, 15% had delivered a baby
with abnormalities.

DISCUSSION
Food testing results
This study began with the assumption that there was known contamination with heavy
metals on the lands of Eel River Bar and Pabineau First Nations, but similar contamination was
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unknown on the Woodstock and Kingsclear First Nation land. To test this assumption, food was
donated by several participants in Eel River Bar, Pabineau and Woodstock First Nations and was
tested for heavy metals and organochlorines. While the levels of heavy metals and
organochlorines were higher in the known contaminants groups, there was evidence of
contaminants, including elevated levels of cadmium, Chromium, Cobalt, Copper, Nickel,
Uranium, Selenium and Zinc in the fiddleheads, trout, and liver in the unknown contaminants
group, which may have contributed to the findings of no significant difference in certain health
conditions such as cancer, diabetes and cardiovascular diseases.
In the Woodstock First Nation food samples, the fiddleheads were consistently higher
than the MRL for every metal for which we have upper level standards. The amount that these
foods exceed these standards is important information for people to make informed choices about
their diets. As a result, we have presented and will discuss data on health issues that are prevalent
in the whole sample and draw questions about their relationship to the environmental
contamination evident through the results of food testing for heavy and trace metals and
organochlorines like PCBs and dioxins. The fact that there were several areas of health in which
there were significant differences between the two groups speaks to the level of difference of
contamination between the two groups.
In the table on the metals and dioxins found in the food that was tested, the metal detected
in the testing and any minimum risk levels measured in mg/kg/day intake of these trace metals
that had been identified were inserted next to the name of the element. Selene and associates
(2002) defined minimum risk levels (MRL) as “estimates of daily human exposure to a chemical
that are likely to be without an appreciable risk of adverse noncancer health effects over a
specified duration of exposure” (Selene, Chou, Williams, Jones, & DeRosa, 2002, p.71). We
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were not able to identify such standards for some of the metals tested for in this assessment, such
as Lithium or Rubidium. Some of the trace metals tested, such as Cadmium, Arsenic, Uranium,
Nickel, Mercury and Lead are more toxic than others. Other metals, like Selenium, Copper and
Zinc are important elements for health in recommended doses. However, when the minimum risk
levels are exceeded by several times they may pose a hazard to human health.
It is important to remember that the amount of the food item that is eaten and how often it
is eaten determines the effect of intake of foods containing these amounts of trace metals. The
developmental stage of the people ingesting these foods is also important in terms of their
potential influence, with babies and children being the most at risk (Ayotte, et al., 2003; Bilrha, et
al., 2003; Condon, 2005; Gump, et al., 2008; Haase, McCaffrey, Santiago-Rivera, Morse, &
Tarbell, 2009; Health, 2005; Hubal, et al., 2008). The human body has the capacity to eliminate
some of these metals, while organochlorines such as dioxins and PCBs and heavy metals such as
cadmium are lipidophelic and will accumulate over time in the fatty tissues of the person
(Arsenescu, et al., 2008; Ayotte, et al., 2003; Lee, et al., 2007; Mullerova & Kopecky, 2006). In
turn, organochlorines and other elements that act as estrogenic and endocrine disruptors
stimulate the development of adipocytes, increasing obesity (Baillie-Hamilton, 2002; Heindel,
2003; Henley & Korach, 2006; Martin, Lester, Voulvoulis, & Boobis, 2007). The obesity of the
person and their age and stage of life and general health, will determine whether these
contaminants are retained in the body and whether and how fast they may become excreted
(Kerger, Leung, Scott, & Paustenbach, 2007; Martin, et al., 2007). Amounts that by themselves
exceed the MRL for an 80 kg person are highlighted in the following tables in turquoise. Those
that are a major contribution to the amount that constitutes the MRL for an 80 kg person are
highlighted in yellow.
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Table 29: Woodstock First Nation Comparison of levels of metals intake in one portion /
day to Minimum Risk Level for 80 kg person Levels.
Metal

MRL

MRL for

Mg/kg/day 80 kg
person

Woodstock

Woodstock

Woodstock

Woodstock

Trout one

Trout

Fiddleheads

Liver

daily portion
¼ kg

Aluminum

1

80

0.075

7.05

.725

.125

Arsenic

.005-0.1

0.4-8

.05

.05

.05

.05

Barium

0.2

16

.05

.05

.225

.05

Beryllium

0.002

0.16

.005

.005

.005

.005

Boron

0.2

16

.05

.05

.95

.075

Cadmium

0.0001

0.008

.0005

.0005

.007

.0005

Chromium

0.001

0.08

.05

.05

.05

.05

Cobalt

0.01

0.8

.005

.005

.005

.005

Copper

0.01

0.8

.075

.15

.775

.55

Nickel

0.0002

0.016

.05

.05

.05

.05

Selenium

0.005

0.4

.075

.075

.05

.05

2

160

.275

.3

.9

.05

Uranium

0.002

0.16

.005

.005

.005

.005

Zinc

0.3

24

1.55

1.7

2.475

11.65

Strontium
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Table 30: Pabineau First Nation Comparison of levels of metal intake in one portion/day
(1/4 kg) to Minimum Risk Level for 80 kg person levels; a
Metal

MRL

MRL for 80

Trout

Mg/kg/day kg person

Ground

Moose

Moose

Moose

steak

steak

Aluminum

1

80

.05

.15

.075

.05

Arsenic

.005-0.1

0.4-8

.05

.05

.05

.05

Barium

0.2

16

.05

.05

.05

.05

Beryllium

0.002

0.16

.005

.005

.005

.005

Boron

0.2

16

.05

.05

.05

.05

Cadmium

0.0001

0.008

.0005

.0025

.00375

.00125

Chromium

0.001

0.08

.05

.05

.05

.05

Cobalt

0.01

0.8

.005

.005

.005

.005

Copper

0.01

0.8

.075

.325

.35

.25

Nickel

0.0002

0.016

.05

.05

.05

.05

Selenium

0.005

0.4

.05

.05

.05

.05

Strontium

2

160

.05

.05

.05

.05

Uranium

0.002

0.16

.005

.005

.005

.005

Zinc

0.3

24

1.7

12.4

9.875

15.025
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Table 31: Pabineau First Nation First Nation Comparison of levels of metals
intake in one portion / day to Minimum Risk Level for 80 kg person; b
Metal

MRL

MRL for 80 kg

Fiddleheads

Cranberries

Mg/kg/day

person

Aluminum

1

80

.55

.25

Arsenic

.005-0.1

0.4-8

.05

.05

Barium

0.2

16

.6

.525

Beryllium

0.002

0.16

.005

.005

Boron

0.2

16

1.25

.20

Cadmium

0.0001

0.008

.06425

.00425

Chromium

0.001

0.08

.05

.05

Cobalt

0.01

0.8

.005

.005

Copper

0.01

0.8

1.6

.15

Nickel

0.0002

0.016

.525

.05

Selenium

0.005

0.4

.05

.05

Strontium

2

160

.8

.05

Uranium

0.002

0.16

.005

.005

Zinc

0.3

24

3.5

.25
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Table 32: Eel River Bar First Nation Comparison of levels of metals intake in one
portion/day (1/4 kg) to Minimum Risk Level for 80 kg person
Metal

MRL

MRL for 80 kg

Lobster

Lobster

Salmon

Mg/kg/day

person

Aluminum

1

80

.2

2

1.55

Arsenic

.005-0.1

0.4-8

.4

.45

.15

Barium

0.2

16

.05

.05

.05

Beryllium

0.002

0.16

.005

.005

.005

Boron

0.2

16

.2

.125

.05

Cadmium

0.0001

0.008

.0135

.1375

.0005

Chromium

0.001

0.08

.05

.05

.05

Cobalt

0.01

0.8

.005

.01

.005

Copper

0.01

0.8

4.675

3.05

.125

Nickel

0.0002

0.016

.05

.05

.05

Selenium

0.005

0.4

.05

.05

.075

Strontium

2

160

4.475

2.475

.05

Uranium

0.002

0.16

.005

.005

.005

Zinc

0.3

24

8.1

1.925

.775

fillet
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Table 33: Eel River Bar First Nation Comparison of levels of metals intake in one
portion/day (1/4 kg) to Minimum Risk Level for 80 kg person
Metal

Minimum

MRL for 80 kg

risk levels

person

Strawberries Fiddleheads

Moose
steak

Mg/kg/day
Aluminum

1

80

13.175

.04

.1

Arsenic

.005-0.1

0.4-8

.05

.05

.05

Barium

0.2

16

.15

.075

.125

Beryllium

0.002

0.16

.005

.005

.005

Boron

0.2

16

.5

.675

.05

Cadmium

0.0001

0.008

.0005

.00375

.00125

Chromium

0.001

0.08

.05

.05

.05

Cobalt

0.01

0.8

.005

.005

.005

Copper

0.01

0.8

.2

.65

.275

Nickel

0.0002

0.016

.05

.05

.05

Selenium

0.005

0.4

.05

.05

.05

Strontium

2

160

.175

.35

.075

Uranium

0.002

0.16

.005

.005

.005

Zinc

0.3

24

.52

1.825

14.5

In all of the food samples, from each reserve, the levels of mercury and lead were well
below the MRLs, which is a very positive finding and demonstrates that the efforts to clean up
these contaminants in the environment have been successful in these areas . It is important to
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recognize that the amount of trace element identified in each food substance only contributes one
source of this element. To fully recognize the impact on the person’s health, a diet diary would be
required, itemizing the amount of each item taken in daily, samples of these foods would need to
be analyzed (as the traditional food in this study have been analyzed) and the amounts of trace
elements from each food would need to be added to identify the daily load of each element
ingested. Even this would only give an estimate since those trace elements that bioaccumulate in
body tissue, whether this tissue was adipose tissue, bones or other organs would increase
exponentially in the body, even when the amounts ingested on a daily basis were lower than the
minimum risk level for daily intakes. To illustrate this issue, the following tables demonstrate
how a person ingesting three foods on any day would take in more than the recommended MRL
for an 80 kg person. This is a rough illustration because it still does not take into consideration
the rest of the person’s diet and the amounts of these trace metals that could be identified were
these other foods to have been tested.
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Table 34: Woodstock daily intake of metals compared to MRL
for 80 kg person with 3 traditional foods
Element

MRL for

Fiddleheads Trout

Liver

80 kg

Sum of

Comparison

metal

with MRL

person
Cadmium

.008

of 80 kg
.007

.0005

.0005

.008

Maximum
level
reached

Chromium

0.08

.05

.05

.05

0.15

Almost
twice MRL

Copper

0.80

0.775

0.150

0.550

1.475

Almost
twice MRL

Nickel

0.016

0.05

0.05

0.05

0.15

Almost 10
X MRL

In relation to a person who ate these 3 foods in one day among many other foods that day,
it is clear that in Woodstock First Nation, other foods containing cadmium would raise the daily
intake above that recommended for an 80 kg person. Just these 3 foods alone would give a 80 kg
person almost twice the safe limit identified for Chromium and Copper. Finally, these 3 foods
would give the person almost 10 times more than the safety limit in Nickel. This does not take
into account the accumulation in the body of elements like cadmium that even with low doses can
add up to potentially dangerous amounts.
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Table 35: Pabineau daily intake of metals compared to MRL
for 80 kg person with 3 traditional foods
Element

MRL for

Fiddleheads Cranberries Moose

80 kg

steak

Sum of

Comparison

metal

with MRL

person
Cadmium

.008

of 80 kg
.06425

.00425

.00375

.07225

Almost 10 X
MRL

Chromium 0.08

0.05

0.05

0.05

0.15

Almost
twice MRL

Copper

0.80

1.6

0.15

.35

2.1

Not quite
3 X MRL

Nickel

0.016

0.525

0.05

0.05

0.625

39 x more
than MRL

In Pabineau First Nation, these 3 foods alone exceed the safety limit as identified by the
MRL for an 80 kg person for each of these trace metals, ranging from twice the MRL to 39 times
more.
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Table 36: Eel River Bar daily intake of metals in mg/1/4 kg compared to MRL
for 80 kg person with 3 traditional foods
Element

MRL for

Fiddleheads Strawberries Lobster

80 kg

Sum of

Comparison

metal

with MRL

person
Cadmium

0.008

of 80 kg
0.00375

0.00050

0.13750

0.14175

17.7 x more
than MRL

Chromium 0.080

0.05

0.05

0.05

0.15

Almost
twice MRL

Copper

0.800

0.050

0.050

4.675

4.775

Almost 6 x
MRL

0.016

Nickel

0.05

0.05

0.05

0.15

More than 9
x MRL

In Eel River Bar, the level of these metals exceeds the safety limit by two to almost 18 times.
Table 37: Comparison of sum of mg/1/4 kg of three elements in each reserve to MRL
for 80 kg person
Metal

MRL for 80 kg

Woodstock

Pabineau

Eel River Bar

person
Cadmium

0.008

0.008

0.07225

0.14175

Chromium

0.080

0.15

0.15

0.15

Copper

0.800

1.475

2.100

4.775

Nickel

0.016

0.15

0.625

0.15
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It is evident from the preceding table that intake of ¼ kg each of 3 foods in one day
exceeds the safety limits in all four metals chosen for examination in Woodstock First Nation.
Chromium levels are the same in each community. All have elevated levels of copper, with Eel
River Bar First Nation exceeding the other two by at least two times and the safety limit by six
times. The amount of nickel exceeds the safety limit in all the communities but in Pabineau First
Nation it is higher than the other two reserves by 41times. This illustrates the cumulative effect of
these amounts of trace metals in foods ingested on a regular basis and the minimum of dose
ingested in a single day.
Information about chromium intake is limited by the lack of information about the
specific form of chromium in this sample. The toxicity of chromium is related to its state of
oxygenation (Aghili, Khoshgoftarmanesh, Afyuni, & Schulin, 2009; Pournourmohammadi, et al.,
2008; Samadi, Rahman, Zarrabi, Shahabi, & Sameei, 2009). Pournourmohammadi and associates
(2008) identified a significant relationship between serum levels of chromium and levels of
platelets and other chronic illnesses. While trivalent chromium has been shown to be relatively
non-toxic and has not been related to health hazards, hexavalent chromium has been shown to be
highly toxic, associated with cancer and congenital anomalies (Samadi, et al., 2009).
Cobalt has been found to be associated with thickening of the walls of the heart (Bastian,
et al., 2009), increased impairment in lower limb mobility (Lang, et al., 2009), thyroid
dysfunction (Keegan, Learmonth, & Case, 2008), neurological impairment (Bastian, et al., 2009;
Keegan, et al., 2008) and increased levels of cancer, especially colon cancer (Bastian, et al.,
2009; Keegan, et al., 2008).
While copper is important for human health, in toxic and chronically elevated doses it has
been linked to decreased intelligence in young adolescents, as well as irritation of the
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gastrointestinal system and liver and kidney damage ("Copper-CU," 2009; Ilback, Lindh, Minqin,
Friman, & Watt, 2006; Sathawara, Parikh, & Agarwal, 2004). During an acute infection,
increased levels of Copper are found in the brain, likely in an effort to regulate the inflammatory
response (Ilback, et al., 2006). Increased levels of copper in the brain is accompanied by altered
antioxidant function, which has been associated with neurodegenerative diseases (Ilback, et al.,
2006).
The levels of cadmium in the Belledune sampling study where cadmium in above
ground exposed vegetables, such as fiddleheads ranged from 40 ng to 340 ng.(Whitford, 2006),
or 0.00004 to 0.00034 mg/kg.day. In comparison, in this study, the amount of cadmium in
fiddleheads from Woodstock was .028 mg which was 700 times more than was found in
Belledune area. Cadmium and other heavy metals can accumulate in vegetables and pose health
hazards to the people eating them (Aghili, et al., 2009; Lalor, 2008). As well, the moose from
Pabineau contained 100 and 150 times more Cadmium than the MRL. In Eel River Bar lobster,
the level of Cadmium was 540 and 550 times higher than the MRL. This level of Cadmium is
consistent with the finding of Cadmium being higher than acceptable levels in the region, as
recorded on the New Brunswick Groundwater Chemistry Atlas for 1994-2007, inland from the
Bay of Chaleur.
The levels of cadmium found in lobsters and salmon in this study were also consistent
with research in which various seafood harvested from the Bay of Chaleur were tested for
environmental contamination. Different levels of Cadmium were found in different parts of the
lobster. For example, Professor Celine Surrette (personal communication) identified that the tails
of lobster contained the least Cadmium, the claws more and the body was the most contaminated
with cadmium (Surrette, 2009). In this current study, tails and claws were tested. These elevated
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levels of Cadmium are consistent with the high levels of diabetes type 2 (26.5% of the overall
sample), the cancer level (Szymanska-Chabowska, Antonowicz-Jochniewicz, & Andrzesak,
2007) of 9.8% (in comparison to the provincial average of 2%) and the significant increase in
gastro-intestinal dysfunction in the known contaminant population. It is important to remember
that a high proportion of the participants in this study were heavy smokers, and had smoked for
long periods in their lives, both of which are significant factors in absorption of Cadmium (Jarup,
2003; McKelvey, et al., 2007; Reinhart, 2003). Lalor (2008) found that although the level of
cadmium in soil and vegetables was high in areas of Jamaica, the blood level was not elevated
nor were there health consequences documented. This leads to the need to test participants for
evidence of heavy metals in their bodies.
Chocolate and fats contain high levels of Nickel. It is easily absorbed by vegetables like
fiddleheads growing in contaminated soil and by humans who eat these vegetables. Increased
intakes of Nickel have been associated with increased levels of cancer, cardiovascular disease,
and birth defects ("Nickel," 2009), all of which are evident in this sample.
Selenium is an element commonly included in multi-vitamin and mineral supplements
(Rayman, 2008). It has been hypothesized that Selenium has a protective effect in relation to
regulation of a high density lipoprotein and therefore prevention of cardiac disease. It is also
important for human health because it binds with methylmercury and limits its bioaccumulation
in the bodies of fish and human beings (Ralson, 2009). Selenium is important for the
development of selenoenzymes that not only prevent but also reverse damage to the brain and
endocrine system that occurs from elevated levels of mercury (Ralson, 2009).
On the other hand, increased levels of selenium have been associated with increased
prevalence of diabetes type 2 (Bleys, Navas-Acien, & Guallar, 2007; Laclaustra, Navas-Acien,
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Stranges, Ordovas, & Guallar, 2009a), as well as increased levels of fasting blood glucose and
glycosylated hemoglobin [A1C] (Bleys, et al., 2007; Houstis, Rosen, & Lander, 2006; Laclaustra,
et al., 2009a; Lippman, et al., 2009). Increased levels of selenium have also been associated with
hypertension (Laclaustra, Navas-Acien, Stranges, Ordovas, & Guallar, 2009b),
hypercholesteremia (Bleys, Navas-Acien, Stranges, et al., 2008; Flores-Mateo, Navas-Acien,
Pastor-Barriuso, & Guallar, 2006), thyroid dysfunction (Hawkes & Keim, 2003), and
cardiovascular disease (Bleys, Navas-Acien, & Guallar, 2008; Flores-Mateo, et al., 2006), all of
which, except for thyroid dysfunction were identified in this sample of First Nations peoples.
In amounts of 8 mg/day for women and 11 mg/day for men, zinc is an important element
for human health,, playing a role in the structure of nucleic acid in genes, contributing to
metalloenzymes like alkaline phosphatase and supporting cell growth and reproduction (Roney,
et al., 2006; Satarug, Baker, Reilly, Moore, & Williams, 2001). However in amounts in excess of
the minimum risk levels, zinc has been found to be related to poorer healing of wounds and
decreased immunity, growth retardation in children, dermatitis, increased congenital anomalies,
increased prevalence of cancer and irritation of the gastrointestinal tract (Roney, et al., 2006). As
well, in combination with other metals, such as cadmium, copper, and chromium, zinc can be
deposited in the liver and kidneys (Satarug, et al., 2001), causing dysfunction as well as
instability in chromosomes (Xie, et al., 2009).
Arsenic in higher levels is associated with a skin rash as well as cardiovascular disease,
increase in diabetes, poor pregnancy results, increased cancer rates and decreased intelligence in
children, neurotoxic effects and kidney failure (Y. Chen, et al., 2008; Haletek, Sinczuk-Walczak,
Rabieh, & Wasowicz, 2009; Marsh, Esmen, Buchanich, & Youk, 2009).
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There was variability in the same food eaten by members of the same community. It may
result from different areas where these two samples were harvested but this information was not
gathered in this study. Although the question was asked about where the foods were harvested,
several of the respondents did not want to disclose their special place where they were able to
harvest these foods.
Aluminum is absorbed through the gastro-intestinal tract in small amount, less than 0.1%
(Walton, 2009), which is increased in the presence of citric acid, such as orange juice (Molloy, et
al., 2007). Some people, like those with Down’s syndrome and kidney failure absorb more
aluminum than others (Molloy, et al., 2007; Verstraeten, Almo, & Oteiza, 2008; Walton, 2009).
On the other hand, serum aluminum has a half life of 7-14 hours and is excreted efficiently in
urine (Molloy, et al., 2007).
Aluminum is known to cross the blood-brain barrier and accumulate in neurons (Aremu
& Meshitsula, 2005; Golub, Han, & Keen, 1999; Levesque, Mizzen, McLachlan, & Fraser, 2000;
Verstraeten, et al., 2008; Yokel, 2002; Yokel, Wilson, Harris, & Halestrap, 2002). As a result,
chronic intake of aluminum in high doses has been linked to neurodegenerative diseases like
Alzheimer’s disease, Parkinson’s disease and dialysis encephalopathy (Goncalves & Silva, 2007;
Molloy, et al., 2007; Verstraeten, et al., 2008; Walton, 2009). It has also been associated with the
development of anemia and renal failure (Pournourmohammadi, et al., 2008).
Beryllium is a lesser known element that can be found in vegetables in the US and
Canada at a concentration of 25 micrograms per kilogram. It is also contained in nicotine and
intake occurs through smoking (AGSDR, 2007). Beryllium may cause Chronic Beryllium
Disease, a granulomatous lung problem when it is breathed in, an allergic response to this metal
(Mroz, Maier, Strand, Silviera, & Newman, 2009; OSHA, 2006). While little Beryllium is
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absorbed when ingested orally, it can cause irritation of the gastro-intestinal system, particularly
in children who have developed stomach ulcers on exposure to elevated levels of Beryllium
(AGSDR, 2007). As well, Beryllium is a known carcinogen, especially when breathed into the
lungs over time (AGSDR, 2007; OSHA, 2006).
Boron is water soluble and carried to vegetables through ground water ("Boron - B,"
2009; Kot, 2009; Yazbeck, et al., 2005).Boron levels can be elevated in above ground vegetables;
the amount in fiddleheads from each community was higher than found in other foods,
particularly meat and fish. Boron is easily absorbed and has a half life of less than 24 hours (Kot,
2009) The intake of Boron in non-toxic doses has been found to be important to health,
enhancing Calcium and energy metabolism, as well as the function of the brain (Kot, 2009).
However, toxic amounts on a long term basis has been shown to cause an accumulation in the
bones (Kot, 2009), higher fetal death rates, smaller birth weights and increased numbers of
congenital defects, especially involving the nervous system ("Boron - B," 2009; Kot, 2009;
Yazbeck, et al., 2005). As well, an increased proportion of female babies has been identified as
well as increased infertility levels due to its effects on the testicles and the spermatogenic cells
(Kot, 2009; Yazbeck, et al., 2005). Intake of higher levels of Boron has been related to disturbed
digestion and decreased appetite (Kot, 2009). It has also been shown to influence endocrine
function and function of the nervous system at more than recommended levels of intake (Kot,
2009).
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Health Data
In an attempt to examine the effects of contaminants on the health of the First Nations
peoples living on certain reserves, we purposefully oversampled those over the ages of 60,
gathering data from almost 22% in this age range, whereas the proportion of those in this
population in this age range is less than 10% of the whole. Data collection in Kingsclear First
Nation was halted by a decision of the Chief. No reason was given for this decision. As a result,
the sample from the unknown contaminant sample was smaller by 36 participants.
Fifty-six percent of this sample was women. This was consistent with other studies where
it was found that women use health services more frequently than men (Canales, 2004; Connor,
Kirk, Cade, & Barrett, 2001).
This was a relatively well educated sample, with 41% having at least some postsecondary education, somewhat more than the NB RHS where about a third had some
postsecondary education. In this study, 19% had completed a degree or diploma, compared to
about 17% in the NB RHS (Getty, Solomon, Birney, & Rosenrauch, 2006).
Almost twice as many of the respondents in this study perceived their health to be
good or excellent (64%) as did those in the NB RHS (35%). This demonstrates their positive
frame of mind. Relatively similar proportions had few days in the past month when their health,
either physical or mental was poor. However, 17% indicated that they had 20 of 30 days in the
past month when their mental health was not good. Even fewer said that their usual activities
were limited by pain or poor physical or mental health more than three days in the past 30 days.
Nine percent of these respondents did not have a family doctor, close to the 8% in New
Brunswick without a family physician as was identified in the Canadian Community Health
Survey (2008). This is a situation that occurs throughout New Brunswick as older family doctors
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retire or move away and patients are left on their own to find another doctor when needed. Often
this results in higher use of Emergency Rooms. In this whole sample, 40% went to see their
doctor at least every two months in the past six months. This is consistent with the degree of
chronic illness evident in this sample as well as by the proportion whose activities were limited
by physical or mental ill-health and pain.
The sex of the participant made a significant difference in participants’ perception of their
access to health care, their cholesterol levels, smoking behaviors and use of alcohol and drugs.
Men perceived that they had more access to health care and were more likely to drink alcohol and
have ever used drugs (Getty, et al., 2006; Gray, Indurkhya, & McCormick, 2004; Jacobs & Gill,
2002). Women’s high density cholesterol readings were significantly higher than were those of
men and they were significantly more likely to smoke regularly. These findings are consistent
with other research which has identified that more females are beginning to smoke in adolescence
and continue to smoke throughout life than men (Doshi & Jules, 2006; Fukuda, et al., 2002;
Kunitz, 2008; Lix, Bruce, Sarkar, & Young, 2009). As the age of these respondents increased,
they were significantly more likely to have developed diabetes type 2, to have elevated
cholesterol levels and to have been diagnosed with hypertension, all of which are conditions
associated with aging (Gnavi, Picariello, Karaghiosoff, Costa, & Giorda, 2009; Gregg, et al.,
2007; Kapoor, 2009; Kunitz, 2008; Lix, et al., 2009)

Comparison of health status of sample living on reserves with known environmental
contamination with those living on reserves without known contamination

Obesity
One factor that may be a precursor to ill health is the individual’s BMI, which is a
measure of body fat and has been found to be related to prevalence of Arthritis, Hypertension,
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Heart Disease, and Diabetes (Douketis, Paradis, Keller, & Martineau, 2005; General, 2003;
Manderbacka, Lundberg, & Martikainen, 1999; Welfare, 2004). It needs to be noted that the BMI
has not been ‘normed’ for First Nations people and therefore caution needs to be taken in
interpreting BMI results for participants in this study (Douketis, et al., 2005). However, the use of
this tool in large studies such as the Regional Health Survey has provided an opportunity to begin
to relate the meaning of the BMI for the health of First Nations people. In this study, over half of
the respondents from the known contaminants group had a BMI of over 29, i.e. were rated as
obese. By comparison in the New Brunswick Regional Health Survey (NB RHS) 33% were
obese (Getty, et al., 2006) while in other research, 15% of the population of Canada and 20% of
those in New Brunswick have been found to be obese (Douketis, et al., 2005).
The data from the 2004 Canadian Community Health Survey continued to delineate
increasing obesity among Canadians as a whole (21%), attributed to increased fat intake and fast
food as well as decreased physical activity (Finegood, 2009). When the BMI levels of off reserve
Aboriginals were examined, 25% in the south and 27% in the north by self-report were found to
be obese (Lix, et al., 2009). A study of American Indian and Alaskan Native women, using the
BRFSS in which self-report data was gathered, found that 26.8% were obese (Doshi & Jules,
2006). In each of these forgoing studies, the rate of obesity identified by self-report was half the
proportion found in the known contaminants group by objective measurement of height and
weight by a nurse. Some of this may be attributed to the tendency for persons in self-reports to
underestimate health issues that are stigmatized by society, in order to maintain social approval
(Fortenberry, 2009; Meston, Heiman, Trapnell, & Paulhus, 1998; Palen, Smith, Caldwell, & al.,
2008; Siegel, Aten, & Roghmann, 1998).
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Although obesity has commonly been attributed to lifestyle issues and genetic heritage, it
has also been related to poverty (Drewnowski & Darmon, 2005; Oliver & Hayes, 2005; Scheier,
2005) and the colonization process which Aboriginal Canadians have endured (Duran, Duran, &
Yellow Horse Brave Heart, 1998; Harris, Gittelsohn, & Hanley, 1997; Iwasaki, 2004; Narayan &
Venkat, 1997; Rittenbaugh & Goodby, 1989; Rock, 2003). From the earliest records of Jesuit
priests and colonial authorities, there are many descriptions of the Mi’kmaq and Maliseet people
being nomadic hunters and gatherers with a tendency toward a lean body build (O. Dickason,
2002; H. Dobyns, 1983; Rittenbaugh & Goodby, 1989). The fact that those in the known
contaminants group were significantly more physically active than those in the unknown
contaminant group lends credence to the idea that this level of obesity may not have arisen out of
lifestyle issues but environmental factors may have contributed to obesity in this population.
While many of the heavy metals are lipidophelic and attach themselves to adipose cells, in
particular PCBs stimulate an inflammatory reaction in adipocytes that leads to an increase in the
size and number of adipose cells and the obesity of the person (Arsenescu, et al., 2008; Hennig, et
al., 2002). As well, increased amounts of lead obstruct the regulation of food intake by the
hypothalamus-pituitary-adrenal axis, leading to obesity (Jain & Hu, 2006). Cadmium is also
known to have endocrine disrupting capacities that contribute to the development of obesity
(Heindel, 2003; Henley & Korach, 2006; Kavanagh, et al., 2004; Lalor, 2008). Whatever factors
have contributed to this level of obesity among those in the known contamination group, there is
a potential for heavy metals to accumulate in the fatty tissue of people to levels that could be
toxic.
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Cholesterol

Those living in known contaminated reserves recognized that their family health history
included elevated levels of cholesterol and had had their own cholesterol measured significantly
more frequently (Coleman, 2003; Drewnowski & Darmon, 2005; Eschiti, 2005). This
demonstrates their health behavior and efforts to care for themselves.

Gastrointestinal differences
The significant difference in gastro-intestinal problems in the family and symptoms of
pain and gaseous feelings after eating fatty foods among those living on known contaminated
reserves from those in unknown contaminant areas is potentially evidence of liver/bile salt
dysfunction and difficulty in handling fat in foods (Martinez-Augustin & de Medina, 2008).
People who have taken in heavy metals may exhibit similar symptoms which may originate from
liver deposits of mercury (Mahaffey, et al., 2005; McKelvey, et al., 2007; Reinhart, 2003),
Cadmium (Afridi, et al., 2008; Houston, 2007), and increased levels of inorganic arsenic (Jarup,
2003). The no known contaminants group was significantly more likely to eat fried foods. This
may be related to living closer to towns and cities where fast food outlets abound than those in
the known contaminant communities. As well, if you have discomfort every time you eat fried or
fatty foods, you are less likely to choose foods prepared in this manner. In this regard, this
finding confirms the finding of discomfort after eating fried or fatty foods.
Traditional practices
The importance of the traditional foods is evident in that the known contaminants sample
rated traditional food, such as wild fish as significantly more important than the no known group.
In the NB RHS, 75% of the respondents affirmed that they regularly eat land based animals, such
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as venison and moose meat and that 52% had had such meats shared with them by others. Since
several First Nations communities have members who hunt and fish and share the food among
their elders and single mothers, this provides an important source of protein for families. This
practice demonstrates the collaborative nature of Indigenous societies and the importance of
sharing foods within their culture (Van Oostdam, et al., 1999). As well, approximately 68% of
the participants in the NB RHS said that they eat fresh water fish and 50% salt water fish at least
occasionally (Getty, et al., 2006). The two known contaminant communities did not participate in
the 2002-03 NB RHS.
Traditional practices are evidenced by participation in spiritual practices, which was
significantly more common among those in the known contaminants group. These communities
are also more distant from larger cities in the province and may have been less acculturated. In
the NB RHS, 66% said that their traditional practices were important to them (Getty, et al.,
2006), an increase from the 57% in the 1997 RHS (Center, 1997).
For these First Nations people, losing the ability to feast on traditional foods like
fiddleheads and salmon is losing a piece of their culture and identity (Van Oostdam, et al., 1999).
The evidence that they have adapted is clear when those from the known contaminant lands
stated that fiddleheads were not important to them now and clearly had decreased their use of
fiddleheads. The continuing burning of sweet grass, depending on where it was gathered presents
a risk of contamination when the sweet grass has grown on contaminated land. In the study,
Contaminants in the major River Systems around the province and Effects on Selected New
Brunswick First Nation Communities, the Strawberry marsh, in Miramichi City, where sweet
grass has been traditionally harvested was found to contain environmental contaminants (UNBI,
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2004). Burning of this sweet grass, a traditional ceremony, would release some of these elements
into the air to be breathed into the lungs and increase the body burden of pollutants.

Cardiovascular Diseases
It is not surprising that the known contaminant group had significantly less Hypertension
in their family in view of their increased physical activity patterns. This association was
supported by the fact that their physicians were significantly less likely to have advised them to
increase their physical activity to lower their blood pressure. As well, those in the known
contaminants group who had been diagnosed with Hypertension were significantly more likely to
have lowered their salt and alcohol intake to control their blood pressure level.

Health issues for the whole sample
Cancer

In the NB RHS, only 2.4% had been diagnosed with cancer (Getty, et al., 2006), and 2%
of the population in New Brunswick were living with cancer in 1997- 2001(Balram, 2004) in
comparison to 9.8% in this study. This may be partially due to the older sample in this current
study. These findings are consistent with those for Dalhousie region (next door to Eel River Bar)
and Bathurst (near Pabineau First Nation) where these areas rated among the highest in the
province (Milewski & Liu, 2009). Milewski & Liu (2009) found that the rate of ovarian cancer in
the Dalhousie area was 213 times more than the provincial average. The disproportionate
incidence of cancer among the women in this study (almost 59% of those who had been
diagnosed with cancer had a diagnosis of cancer of the uterus, ovaries or cervix) is consistent
with the higher risk of organochlorines on women’s health. Not only do organochlorines have an
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endocrine disrupting effect but they also are related to the development of Cytochrome p-450
1A2 (CYP1A2), an enzyme that activates carcinogens (Fitzgerald, et al., 2005; Taylor, et al.,
2009).
Those who had been diagnosed with cancer were significantly more likely to have
allergies. This result is supported by a few studies that found an association in non-smokers
between allergic symptoms, such as Asthma and lung cancer, breast cancer before menopause
(Erikkson, Holmen, Hogstedt, Mikoczy, & Hagmar, 1995; Talbot-Smith, Fritschi, Divitini,
Mallon, & Knuiman, 2003; Wang & Diepgen, 2005). Most research on the relationship between
allergies and cancer have found an inverse relationship between ever having had or currently
having allergic symptoms and a wide spectrum of cancers, including colorectal, brain cancers,
various kinds of leukemia and others (Erikkson, et al., 1995; Holly, Eberle, & Bracci, 2003;
Negri, Bosetti, LaVecchia, Levi, & Franseschi, 1999; Ruder, et al., 2009; Wang & Diepgen,
2005; Wigertz, et al., 2007). It has been hypothesized that allergies represent a hyper-immune
state in which the immune system is hyper vigilant for foreign proteins and more likely to destroy
early abnormal cells, such as are found in beginning cancer. Eosinophilia is often evident in
allergic persons. Eosinophiles are white blood cells that perform immune-regulatory functions
and an increase in their numbers (Eosinophilia) has been positively correlated with a better
cancer prognosis (Wang & Diepgen, 2005). In this study, the known contaminants group has
potentially been exposed to higher levels of heavy metals which may have been related to their
increased level of cancer, even though this was not significantly higher than the no known
contaminants group. A case could be made that the rate of cancer might have been higher had this
relationship with allergies not occurred. This question requires further study with the level of
heavy metals within the participants’ bodies being assessed directly.
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A diagnosis of cancer is one of the most difficult health events in most people’s lives, let
alone the trajectory of treatment and the continuing worries about return or metastases (Beatty,
Oxlad, Koczwara, & Wade, 2008; Linford & Forster; Morgan, 2009; Repetto, Piselli, Raffaele, &
Locatelli, 2009; Shahid & Thompson, 2009). As a result, one would expect those diagnosed with
cancer to have a more negative perception of their health as was identified in this current study.
As well, spiritual practices are frequently used to provide comfort and hope during stressful
times, as is evident in the significant relationship in this study between spiritual practices and
having been diagnosed with cancer.

Diabetes
In this sample as a whole, 26.5% had been diagnosed with Diabetes, the vast majority
beginning as early as 31 years of age. This compares with the Canadian average of 4.9% and the
provincial average of 6% (Sanmartin & Gilmore, 2009), as well as 10% among American
Indians and Alaska Natives (Morton, Garrett, Reid, & Wingard, 2008). Morton and associates
found a range of Diabetes from 9% in New Mexico to 13% in Wyoming. The Strong Heart Study
of American Indians found 65% of American Indians from Arizona had diabetes, versus 34% in
North Dakota (Rhoades, et al., 2007). This demonstrates the potential for increased diabetes
among First Nations peoples if some more effective intervention does not occur. In New
Brunswick, the Diabetes Education program for First Nations people has identified at least 15%
of First Nations people as being diagnosed and receiving services for Diabetes (Personal
communication with S. Francis, Diabetic Educator for First Nations communities in New
Brunswick).
Thirty-one percent of this high number of people living with Diabetes had blood glucose
levels when tested by the nurses gathering this data that would lead to long term complications if
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not reduced. Evidence of this is found in that 1/3 saw their doctors every 2 months, 50% had
numbness in their toes and feet, and there was a significant relationship between the diagnosis of
diabetes and level of obesity, hypertension, increased cholesterol levels and cardiovascular
disease, which is consistent with much research and clinical experience (Barclay, et al., 2008;
Kapoor, 2009; Sanmartin & Gilmore, 2005). Diabetes is a leading cause of kidney failure and
amputations of lower limbs in Canada (Sanmartin & Gilmore, 2005). Those with diabetes were
significantly more likely to have a family history of diabetes, hypertension, cardiovascular
disease and gastrointestinal problems. Diabetes is known to occur significantly more among
family members and there is evidence that there is not only a socialization effect, but also a
genetic link in this relationship (Hanson, et al., 2007).
People living with diabetes have been found to have more gastrointestinal problems,
including esophageal motility and reflux problems, often related to changes in nervous efficiency
(Frokler, et al., 2009; Kapoor, 2009; Kinekawa, et al., 2008; Shakil, Church, & Rao, 2008). In
this study, evidence of liver dysfunction was apparent in the significant number of participants
who had pain or felt gaseous after eating fats. Diabetes has been associated with nonalcoholic
fatty liver disease (Shakil, et al., 2008).
One concern related to the results of the food testing and the contamination with heavy
metals found in this testing is related to the role of fiddleheads and berries in the traditional diet
of Mi’kmaq and Maliseet people. Not only are these important to their cultural practices, but they
are also foods that are low glycemic index foods and contribute to more health and fewer chronic
illnesses, including diabetes and cardiovascular diseases (Barclay, et al., 2008; Livesey, Taylor,
Hulsof, & Howlett, 2008). A risk of learning that these foods are contaminated with heavy metals
is that people, whose incomes are limited, may be more likely to eat more processed foods with
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higher simple carbohydrate composition and glycemic values (Compher, 2006; L. Tsuji, et al.,
2005; Van Oostdam, et al., 1999).
There was a significant difference between the severity of Diabetes, hypertension and
gastrointestinal disease and the level of obesity among these participants, consistent with other
research (Barclay, et al., 2008; Gregg, et al., 2007; Livesey, et al., 2008; Sanmartin & Gilmore,
2005; Shakil, et al., 2008). Diabetes has been associated with lack of physical activity (Fretts, et
al., 2009). However, in this study, 95% were at minimum moderately active, decreasing the
influence of inactivity on their metabolic state. This is the reverse of what is expected i.e. a
relatively physically active population with high levels of obesity, diabetes, hypertension and
cardiovascular disease as well as gastrointestinal dysfunction (Winston, Barr, Carrasquillo,
Berton, & Shea, 2009; L. Zhang, et al., 2009; Zimmet, 2009).
Increased levels of cholesterol were also directly correlated with diabetes, hypertension,
cardiovascular disease and gastrointestinal problems which is expected as a precipitating factor
for these diseases (Deering, Lix, Bruce, & Young, 2009; Gnavi, et al., 2009; Petrella, Merikle, &
Jones, 2007; Tseng, et al., 2009; Ye, Rust, Baltrus, & Daniels, 2009; L. Zhang, et al., 2009), as
well as to the nutritional intake of participants. The nutritional intake scale consisted of items
related to eating fresh vegetables from a garden, as well as traditional foods like fiddleheads,
berries, salmon and trout, all of which had high levels of heavy metals detected. The participants
in this study were more likely to eat a healthy traditional diet but instead of benefitting from these
choices, their health was jeopardized by the environmental contamination found in these foods.
Those with a diagnosis of hypertension were significantly more likely to perceive their
health to be more negative. Since hypertension was significantly related to diabetes,
cardiovascular and gastrointestinal diseases, a more negative perception of health status would be
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expected. As well, cardiovascular disease was significantly associated with women’s health
status, which focused on their reproductive health, including endometriosis, successful
pregnancies and menopausal symptoms. Both of these are consistent with environmental
contamination from organochlorines, such as dioxins and PCBs and other heavy metals and
elements
Three percent had had a stroke, which compares to a rate of 7.7% in the Strong Heart
Study of American Indians (Y. Zhang, et al., 2009). However, 31% experienced chest pain and
swollen feet and legs which is a very large proportion of this sample and speak to the level of
disability they were experiencing as well as their vulnerability for further cardiovascular events,
such as heart attacks or heart failure. Since cardiovascular diseases are major causes of mortality
in Canada, and cardiovascular risk factors tend to increase as people age, these symptoms need to
be addressed among this group of Aboriginal people (Lee, et al., 2009; Levin, Welch, Bell, &
Casper, 2002; Plotnikoff, Hugo, & Cousineau, 2001; Rhoades, et al., 2007; Sanmartin &
Gilmore, 2005; Wong & Wong, 2002; Ye, et al., 2009).

Smoking
The rate of current smoking among the participants in this study (54%) was a significant
decrease from the 81% who ever smoked. This is close to the 43.8% of the participants in the
New Brunswick Regional Health Survey who currently smoked in 2002-2003 (Getty, et al.,
2006) and 58.8% of the 2002 Canadian RHS (Gray, 2005). The rate of 54% was higher than
found in the Strong heart Study which followed a group of American Indians and Alaska Natives
for several years, focusing on cardiovascular diseases (Morton, et al., 2008). This study identified
a linear relationship between smoking and diabetes and found more smokers among those with
cardiovascular disease than without this illness. Smokers were more resistant to insulin and had
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higher glycosylated hemoglobin A1c than Diabetics who did not smoke (Morton, et al., 2008).
Smoking delivers high amounts of Cadmium to the smoker as well as to secondary or passive
smokers, or those in a smoking environment. Large numbers of studies have shown a relationship
between smoking and cancer, not only of the lung, but many other sites, including breast,
bladder, and colon cancer. Indeed up to a third of cancers have been attributed to smoking
(Newby & Howard, 2005). In view of 26.5% of this sample who were diabetics, this amount of
smoking creates the potential for significant morbidity or illness. As well, smoking during
pregnancy increases the risk of neonatal loss, due to placenta praevia, intrauterine failure to thrive
and abnormalities of the growing fetus (baby) (Kukla, Hruba, & Tyrlik, 2001).
Alcohol and drugs
While 31% said they had had an addiction to alcohol in their lifetime, 24% currently
admitted to having had such an addiction in the past 6 months. Since this is a socially
disapproved of behavior, this speaks to the honesty with which these respondents answered. This
is a good example of the strength of using nurses who work with a population to gather sound
health data.
In this study, 46% had had at least one drink of alcohol in the past month. This is
consistent with the findings in the NB RHS where almost 57% of participants have had a drink of
an alcoholic beverage in the past year (Getty, et al., 2006) and less than the 77% of the Canadian
population which had consumed alcohol in 2003 (Tjepkema, 2004).
Depression
Thirty percent of this sample of First Nations people had been diagnosed with depression,
with many disclosing symptoms of depression such as moving or speaking slowly. This is a
larger proportion than the 19.5% of respondents in the NB RHS who remembered a time when
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they felt sad or depressed for two weeks or more at a time (Getty, et al., 2006). Depression has
been found to be more common among people with chronic illness, particularly gastrointestinal
disease (Addolorato, et al., 2008) and diabetes (Li, Ford, Strine, & Mokdad, 2007). The DOVE
study, a study in Northern Alberta focused on Diabetes interventions found that Aboriginals with
diabetes were more likely to seek mental health services and more likely to receive care in an
inpatient psychiatric facility than other diabetics in the community.
Environmental risk factors
Previous research had shown environmental contamination with heavy metals in First
Nations reserves (UNBI, 2004). As a result, 78% expressed concern about both the indoor and
outdoor quality of the environment in which they live. For example, 41% had mold in their
homes that was larger than a dollar bill in size. This is a larger proportion of these homes than
was identified in the NB RHS where 28.5% of the homes had mold or mildew within the last 12
months. Mold and mildew have been found to be related to allergies and respiratory illness, as
well as many other disorders, including neurological behavior changes, such as slower response
time for many people (Curtis, Lieberman, Stark, Rea, & Vetter, 2004; Jaakkola, Hwang, &
Jaakkola, 2005; Kilburn, 2003; Stark, et al., 2005). Indeed, in a review of research literature,
related to the health consequences of indoor molds, Curtis and associates (2004) found evidence
relating high levels of indoor mold exposure to changes in brain blood flow, injuries to many
organs and symptoms of dysfunction in the respiratory, blood, immune, and neurological
systems.
Another health hazard is presented by the quality of water available on the reserves (Hare,
2004). Ninety percent of homes have water that is piped in from a community supply While 55%
in this study believed that their tap water was safe to drink, 37% drink bottled water at home.
This is close to the findings of the NB RHS where 52% of New Brunswick respondents believed
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their tap water was safe to drink and fewer than found in the National RHS where 68% of
respondents believed that their water was safe to drink (Gray, 2005). In fact, in the NB RHS,
77.6% used bottled water for drinking, with 2.2% boiling their water. This issue speaks to the
concern these respondents have about the safety of their environment as evident in the 78% who
expressed concern about the safety of their environment. Some who contributed food for testing
for heavy metals and dioxins expressed interest in knowing how safe their gathered foods were.
The Mi’kmaq and Maliseet people traditionally gathered their meat and fish from areas of
the province when they were bountiful, travelling to these areas at different times of year. They
gathered wild vegetables and fruits, such as fiddleheads and berries (O. Dickason, 2002; Leavitt,
1995; Paul, 2000; Perley, 2001). In this study, while only 14% had their own vegetable garden,
almost all eat fresh vegetables at least weekly and 46% at least 4-5 times a week. However, this is
in line with traditional practices. It is common among First Nations people that some would grow
the gardens but the produce would be shared among many others, part of their collective way of
being (Getty, Wilson, Ericson, Sappier, Nicholas, McNally, Perley, et al., 2001; Henderson,
2000a). Traditionally, they were stewards of the earth and only took what was needed to feed
their families(Leavitt, 1995; Paul, 2000).
The industrialization even in this province where forestry and mining have been the main
industries has directly emitted environmental contaminants into the land and water. These have
entered the food chain, so that even the food gathered from the oceans such as lobster and salmon
contain heavy metals that can harm the health of those who eat them. On the other hand, their
concern about the environment is evidence that these nutritionally rich foods have the potential to
harm their health. Those respondents who valued the intake of wild fish, such as salmon had
significantly better nutrition, eating wild meats, berries and other traditional food items more
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regularly. However, their cholesterol levels were significantly higher and they were significantly
more likely to have children with developmental differences, evidence of the harm that could
accrue from the contamination of these nutritionally healthy foods. Evidence of the respondents’
recognition of this is evident in that while 71% said that traditional food like fiddleheads, and
salmon was important to them, only 7.2% ate fiddleheads even weekly and 4% ate fish more than
4 times per week.
Aboriginal peoples have traditionally treated illnesses by the use of particular herbs or
other vegetation, such as calmus root and garlic. Those with diabetes and hypertension were
significantly more likely than others to use traditional substances to help them deal with these
chronic conditions. These were not used instead of western medicine but along with traditional
medicine; almost all Diabetics in this study were either treated with Metformin or Insulin.
Women’s health
Studies in Rhesus monkeys found that increased intake of organochlorines was related to
an increase in stillbirths and miscarriages (Axmon, Rylander, Stromberg, & Hagmar, 2000;
Axmon, et al., 2004). In a study of the PCB burden of women who had miscarriages, a higher
level of PCBs in their blood was identified, compared to those who delivered full-term babies
(Axmon, et al., 2000). However, Axmon and associates (2000) did not find an association
between a diet high in PCB contaminated fish from the Great Lakes area and increased levels of
miscarriages or stillbirths. Neither did Anmon and associates (2004) find that those women with
higher levels of PCBs in their blood did not have longer times to pregnancy than those with lower
PCB intakes. In this current study, 44% of women had had at least one miscarriage with 8%
having between three and five miscarriages. However, 94% had had at least one pregnancy. The
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data did not clearly identify the proportion of pregnancies resulting in live healthy babies.
Fifteen percent had had a child with some abnormalities.
Eleven percent of the women in this study had been diagnosed with endometriosis, an
estrogen dependent condition in which endometrial cells grow outside the uterus causing
inflammation, scarring and adhesions, pain and often infertility (Birnbaum & Cummings, 2002;
Heilier, et al., 2008; Heilier, et al., 2006; Niskar, et al., 2009; Porpora, et al., 2006; Porpora, et al.,
2009; Rier & Foster, 2002). Usually, 7-10% of child-bearing aged women are found to have
developed endometriosis (Porpora, et al., 2009; Rier & Foster, 2002). However, other authors
have identified endometriosis in as much as 15% (Birnbaum & Cummings, 2002) and even 20%
among Belgium women (Heilier, et al., 2004). Some have hypothesized a relationship between
increased cadmium and endometriosis (Heilier, et al., 2006; Heilier, et al., 2004). However, this
has not been confirmed in research. Another potential cause of endometriosis is exposure to
organochlorines, such as dioxins and PCBs (Birnbaum & Cummings, 2002; Heilier, et al., 2008;
Niskar, et al., 2009; Porpora, et al., 2006; Porpora, et al., 2009; Rier & Foster, 2002). This,
however, continues to be controversial with several studies not confirming an association
between dioxins and endometriosis (Heilier, et al., 2008; Niskar, et al., 2009), while others have
demonstrated such an association (Porpora, et al., 2006; Porpora, et al., 2009).

CONCLUSIONS
The following recommendations arise out of this report:
1. Research needs to be done in which the individual participants are tested for the presence
of heavy metals, trace metals, and organochlorines. While the foods that were tested have
identified several areas of concern, and the health study has identified several health
problems that occur significantly more among the group living on reserves with known
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environmental contamination than those living areas where such contamination is
unknown and the rate of chronic illnesses such as diabetes and cancer for the whole
sample are significantly higher than for the population of New Brunswick as a whole, the
level of heavy metal contamination within the individuals who participated is unknown.
In order to develop a data base of those whose health has been affected, the data that is
based on samples of blood, urine, hair and other body tissues is needed to link the food
testing and health results more specifically.
2. A study should include all of the members of the UNBI communities, examining the
foods for trace metals and organochlorines and gathering health history data as well as
testing a proportion of the sample for the presence of metals and other toxic compounds
in the bodies of participants. It may be that the amounts of Copper, Zinc and Iron found in
the tested food will have prevented some absorption of Cadmium.
3. A Health promotion program needs to be developed to include dietary plans that would
decrease exposure to and absorption of metals and other toxic compounds such as dioxins
and PCBs. Information, such as the contributions of increased levels of Calcium, Iron,
Zinc and Copper to decreasing the absorption of Cadmium, one of the most toxic of the
metals needs to be made available to all community members. A plan is necessary, since
many of the traditional protein sources carry increased amounts of toxic metals and
organochlorines. The detoxification of Arsenic through methylation is enhanced in the
presences of foliates, and vitamins B6 and B12.
4. Smoking cessation programs need to be made available so that when community
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members learn about the results of this study and the additional exposure to heavy metals
like Cadmium they experience due to smoking, they have some alternatives to support
their efforts to decrease their exposure to heavy metals through smoking cessation.
5. A project that gathers and documents the ecological knowledge of the Mi’kmaq and
Maliseet elders about how to care for the land is important for the health of all Canadians
since it has been shown that the ecological management of the land using First Nations
principles has the potential to increase the health of the land and waters (Kassam, 2009).
6. Health promotion programs, focused on maternal health and the well-being of infants and
children, need to include information on the effects of environmental contamination and
strategies to limit the effects on the health of the next generations.
7. A data base of persons with documented heavy metal and organochlorine contamination
of their bodies needs to be developed.
8. Consultation with government, industry and First Nations peoples needs to be focused on
the health effects of environmental contamination and approaches to decreasing such
contamination.

DISSEMINATION OF RESULTS AND PLAN FOR FOLLOW-UP ACTIONS
This report will be shared with the Chiefs who make up the Union of New Brunswick
Indians and their advice will be sought for how the findings of this report should be shared with
each community. The report will be mounted on the UNBI website.
In our experience in past research projects and in respect of the Ethical Consent signed
between the participants of the study and the nurses who collected the data we expect to go to
each community to share the findings in a community meeting in which we provide food for a
celebration and thank you for their participation, discuss the study, make a summary available for
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each attendant and give a couple of copies of the report to the community so that community
members can borrow the report. This meeting will provide time for discussion of follow-up
actions and a consensus seeking process that the community decides on actions that would be
important to address their concerns. Some potential actions would be an increased availability of
smoking cessation programs as well as nutritional programs to help community members learn
more about how to plan a diet that minimizes the health risks imposed by environmental
contamination of foods.
The findings of this study will be reported at the Canadian Aboriginal Policy Research
conference as well as at the 2010 National Aboriginal health Organization Conference as well as
the Atlantic Aboriginal Health Conference that is sponsored by the Atlantic Policy Congress of
the First nations Chiefs in Atlantic Canada. As well, it will be reported at health conferences such
as UNB’s Nursing Research Day in 2010. Papers originating from this study, in consensus with
UNBI will be submitted for publication review to community newsletters and journals such as
environmental health perspectives.

Objectives not addressed
The only objective of the health study that was not fully completed was the development
of a data base to gather documentation of risk factors for health effects suffered as a consequence
of exposure to environmental contaminants. Each participant was given a card, which contained
their screening results, such as blood glucose reading as well as any health concerns needing
medical follow-up. For example, one client had a Blood Pressure reading of 228/128, a seriously
high level that requires immediate medical assessment. He was advised to go to the Emergency
Room of his local hospital with this record of his screening results, after being taught by the
nurse gathering the data about the risks of continuing elevation of his BP.
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While the health results and food testing results gave evidence of environmental
contamination and effects on health, it was decided that testing of the participants for evidence of
environmental contaminants within their bodies should be done prior to entering names on a data
base. Participants were advised to retain their results cards, which included the date of testing to
document the time in which health effects could have been identified. The surveys including the
screening data for the participants from each community will be retained by the health Director in
each health clinic for at least seven years so that they will be available for future review if
needed.

LESSONS LEARNED
Strengths of the study:
The community based approach in this study was important – it was based on a research
question raised by UNBI and reiterated by many participants whose level of concern about the
safety of their environment is evident in the data. Since the health of the earth is an important
value of Mi’kmaq and Maliseet peoples this study was integral to their way of being and will
provide them with a tool to use to address the environmental contamination of their lands.
The use of nurses who were working in each community to collect data enhanced the
reliability of this data. In addition, the use of screening for certain parameters such as Blood
pressure, Blood Glucose, BMI levels, and cholesterol levels were important ways of confirming
the reliability of self-report data. The collection of food, donated by participants was an important
asset to this study, since it provided some concrete evidence about the risks of environmental
contamination. As well, this study has contributed research skills to the nurses and nursing
students, all of whom were Aboriginal except for one of the Community Health Nurses.
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At the inception of this study, we planned to focus on five heavy metals and
organochlorines, including dioxins and PCBs. However, the testing of trace metals in the food
identified several other metals with elevated levels that could have implications for health,
extending the amount of work required in respect of the evidence presented.
Using a statistical firm to analyze the data was an important asset in this study, since their
depth of knowledge and international experience in health research contributed much to the
analysis of the results and their interpretation. Consultation with Inka Miewski of the
Conservation Council of New Brunswick was extremely valuable, both in terms of finding
resources to help in interpreting the food testing data but also in finding confirming data, i.e.
similar findings in research done by the Conservation Council. As well, discussion with
Professor Surrette from the Chemistry department of the University de Moncton, who is doing
research on environmental contamination of sea food from the Bay of Chaleur and surrounding
area was extremely helpful in confirming our data as similar to her findings. Finally, the food
testing was done by the Research productivity Council (RPC), which served to be a cost-effective
and reliable way of accomplishing and reporting this data analysis.
Weaknesses of the study
Members of the Biology Department at UNB had been contracted to interpret the food
data in this study. They provided Minimum Risk Levels, obtained through the World Health
Organization and the Environmental Protection Agency in the US and provided an interpretation
of the organochlorines data. The interpretation of the analyzed data was completed by myself and
required a fair degree of research to learn how to accurately understand and present these results.
Having completed this work myself, I will be able to interpret it more easily to the Aboriginal
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communities, so perhaps in the end this is not a weakness but a strength of this process. It did
contribute increased time to complete the report.
Due to the length of the questionnaire, the number of extra questions on women’s health
were limited. Another time, I would focus more specifically on the number of stillbirths and
miscarriages, the kinds of congenital anomalies, and the timing of menopause. I would also ask
more questions about the kidney function.
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Appendix A: Questionnaire
Health Status
1. Would you say that in general your health is:
1 Excellent or very good
2 Good
3 Fair
4 Poor
5 Don’t know / Not sure / Refused
2. Are you currently taking any prescribed medications?
1 Yes
2 No
3. Are you taking any over-the-counter medications or herbs?
1 Yes
2 No
4. Are you using any traditional medicines?
1
2
3
4

Yes
No
Don’t know / Not sure
Refused

5. In all, what prescribed, over-the-counter, or traditional medications do you
take?________________________________________________________________________________
____________________________________________________________________________________
_______________________________________________________________
6. Do you have any allergies?
1
2
3
4

Yes
No
Don’t know / Not sure
Refused

If you answered yes, please answer questions 7, 8, 9 and 10. If you answered ‘no’, please skip to
question 11.
7. When you are having an allergic reaction, do you have skin rashes?
1
2
3
4

Yes
No
Don’t know / Not sure
Refused
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8. When you are having an allergic reaction, do you have diarrhea, gaseousness or nausea?
1 Yes
2 No
3 Don’t know / Not sure / Refused
9. When you are having an allergic reaction, does your nose get stuffy or runny and/or your eyes get
teary?
1 Yes
2 No
3 Don’t know / Not sure / Refused
10. When you are having an allergic reaction, do you begin to cough or wheeze?
1 Yes
2 No
3 Don’t know / Not sure / Refused
11. Have you ever been diagnosed with cancer?
1 Yes
2 No
3 Don’t know / Not sure / Refused
12. If you were diagnosed with cancer, where was / is your cancer
located?_____________________________________________________________________________
____________________________________________________________________________________
_______________________________________________________________

Healthy Days — Health-Related Quality of Life
13. Now thinking about your physical health, which includes physical illness and injury, for
how many days during the past 30 days was your physical health not good?
1.
2.
3.
4.
5.

20-30 days
10-19 days
4-9days
0-3 days
Refused

14. Now thinking about your mental health, which includes stress, depression, and problems with
emotions, for how many days during the past 30 days was your mental health not good?
1.
2.
3.
4.
5.

20-30 days
10-19days
4-9 days
0-3 days
Refused
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15. During the past 30 days, for about how many days did pain make it hard for you to do your
usual activities, such as self-care, work, or recreation?
1.
2.
3.
4.
5.

20-30 days
10-19days
4-9 days
0-3 days
Refused

16. During the past 30 days, for about how many days did poor physical or mental health
keep you from doing your usual activities, such as self-care, work, or recreation?
1.
2.
3.
4.
5.

20-30 days
10-19days
4-9 days
0-3 days
Refused

Health Care Access
17. Do you have one person you think of as your personal doctor or health care provider?
1
2
3
4

Yes, only one
More than one
No
Don’t know / Not sure / Refused

18. How many times have you been to see your doctor in the past 6 months?
1
2
3
4
5

6 or more times
3 - 5 times
1-2 times
Not at all
Not sure / Refused

Exercise / Physical Activity
19. During the past month did you participate in any physical activities or exercises such as running,
working out, gardening, or walking for exercise?
1
2
3

Yes
No
Don’t know / Not sure / Refused

20. Now, thinking about the moderate activities you do in a usual week, do you do moderate
activities for at least 10 minutes at a time, such as brisk walking, bicycling, vacuuming, gardening,
or anything else that causes some increase in breathing or heart rate?
1
2
3

Yes
No [Go to question 23]
Don’t know / Not sure / Refused [Go to question 23]
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21. How many days per week do you do these moderate activities for at least 10 minutes at a
time?
1.
2.
3.
4.

6-7 days per week
2-5 days per week
0-1 days per week
Do not do any moderate physical activity for at least 10 minutes
at a time? [Go to question 23]
5. Don’t know / Refused [Go to question 23]
22. On days when you do moderate activities for at least 10 minutes at a time, how much total
time per day do you spend doing these activities?
1.
2.
3.
4.

More than 3 hours per day
2-3 hours per day
Less than 1 hour per day
Don’t know / Refused

The following questions are about health problems or impairments you may have.
23. Are you limited in any way in any activities because of physical, mental, or emotional
problems?
1
2
3

Yes
No
Don’t know / Not Sure / Refused

24. Do you now have any health problem that requires you to use special equipment, such as a
cane, a wheelchair, a special bed, or a special telephone?
Include occasional use or use in certain circumstances.
1
2
3

Yes
No
Don’t know / Not Sure / Refused

Nutrition
25. Do you have a vegetable garden?
1 Yes
2 No
3 Don’t know / Not sure / Refused
26. How often do you eat vegetables from your garden?
1.
2.
3.
4.

Daily
4-5 times/week
1-3 times/week
Never/don’t know / refused
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27. Are traditional foods such as wild meat important to you? (ex: Moose, deer, etc.)
1 Yes
2 No
3 Don’t know / Not sure / Refused
28. How often do you eat wild meat? (ex. Venison)
1
2
3
4
5

Daily
Several times a week
Once a week
Monthly
Never

29. Are traditional foods such as wild fish important to you? (ex: salmon)
1 Yes
2 No
3 Don’t know / Not sure / Refused
30. How often do you eat fish?
1.
2.
3.
4.

Daily
4-5 times/week
1-3 times/week
Never/don’t know/refused

31. Are traditional foods such as wild berries important to you? (blueberries, raspberries, blackberries,
etc.)
1 Yes
2 No
3 Don’t know / Not sure / Refused
32. How often do you eat wild berries?
1.
2.
3.
4.

Daily
4-5 times/week
1-3 times/week
Never/don’t know/refused

33. Are traditional foods such as fiddleheads important to you?
1 Yes
2 No
3 Don’t know / Not sure / Refused
34. How often would do you eat fiddleheads?
1.
2.
3.
4.
5.

Daily
Weekly
Monthly
A few times/year
Never/don’t know/refused
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Diabetes
35. Does diabetes run in your family?
1 Yes
2 No
3 Don’t know / Not sure/Refused
36. Have you ever been told by a doctor that you have diabetes?
1
2
3
4
5

Yes
Yes, but female told only during pregnancy[go to question 49]
No [go to next section]
No, pre-diabetes or borderline diabetes [go to question 49]
Don’t know / Not sure /refused [go to question 49]

37. How old were you when you were told you have diabetes?
1.
2.
3.
4.
5.

less than 15 years of age
16-30 years of age
31-49 years of age
50 years of age or older
Don’t know/ Refused

38. Are you now taking insulin?
1
2
3

Yes
No
Refused

39. Are you now taking diabetes pills?
1
2
3
4

Yes
No
Don’t know / Not sure
Refused

40. Have you noticed any numbness in your extremities? (hands, feet, legs, arms)
1
2
3
4

Yes
No
Don’t know / Not sure
Refused

41. About how often do you check your blood for glucose or sugar? Include times when checked by a
family member or friend, but do NOT include times when checked by a health professional.
1
2
3
4
5

3-4 times/day
1-2 times/day
A few times/week
Once in awhile
Never
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42. Today’s glucose reading is 1
2
3
4
5

20-30
10-20
6-10
Less than 6
Refused

43. Prior to taking this glucose reading, when was the last time you had something to eat?
1 30 minutes ago or less
2 30 minutes to 2 hours ago
3 longer than 2 hours ago
4 refused

44. About how many times in the past 12 months have you seen a doctor, nurse, or other health
professional for your diabetes?
1
2
3
4

once a year
3-4 times/year
5 or more times/year
Never/refused

45. Have you ever talked with health care professionals, such as nurses regarding how to manage
your diabetes?
1
2
3

Yes
No
Don't know / Not sure / Refused

46. Are you taking any traditional medicines for your diabetes?
1
2
3

Yes
No
Don't know / Not sure / Refused

47. If you are taking traditional medicines for your diabetes which ones are you
taking?________________________________________________________________________
______________________________________________________________________________
__________________________________________________________

48. How often do you take these medicines?
1
2
3
4

once or more per day
several times per week
several times per month
never/refused
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Hypertension Awareness
49. Does high blood pressure run in your family?
1 Yes
2 No
3 Don’t know / Not Sure
4 Refused
50. Today’s blood pressure reading is 1 ________
2 Refused
51. Today’s pulse reading is 1 ________
2 Refused
52. Today’s respiration count is 1 ________
2 Refused
53. Have you EVER been told by a doctor, nurse, or other health professional that you have
high blood pressure?
1
2
3
4
5

Yes
Yes, but female told only during pregnancy [Go to question 68]
No [Go to question 68]
Told borderline high or pre-hypertensive
Don’t know / Not sure/refused [Go to question 68]

54. Are you currently taking medicine for your high blood pressure?
1
2
3

Yes
No
Don’t know / Not sure / Refused

55. Are you taking any traditional medicines for your high blood pressure?
1
2
3

Yes
No
Don’t know / Not sure/ Refused

56. What traditional medicines are you taking for your blood
pressure?____________________________________________________________________________
______________________________________________________________________
57. How often are you taking these medicines?
1.
2.
3.
4.

once or more per day
several times per week
several times per month
never/refused
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Are you now doing any of the following to help lower or control your high blood pressure?
58. (Are you) changing your eating habits (to help lower or control your high blood pressure)?
1
2
4

Yes
No
Don’t know / Not sure/ Refused

59. (Are you) cutting down on salt (to help lower or control your high blood pressure)?
1
2
3
4

Yes
No
Do not use salt
Don’t know / Not sure/ Refused

60. (Are you) reducing alcohol use (to help lower or control your high blood pressure)?
1 Yes
2 No
3 Do not drink
4 Don’t know / Not sure / Refused
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61. (Are you) exercising (to help lower or control your high blood pressure)?
1
2
3

Yes
No
Don’t know / Not sure / Refused

Has a doctor or other health professional ever advised you to do any of the following to
help lower or control your high blood pressure?
62. (Ever advised you to) change your eating habits (to help lower or control your high
blood pressure)?
1
2
3

Yes
No
Don’t know / Not sure / Refused

63. (Ever advised you to) cut down on salt (to help lower or control your high blood
pressure)?
1
2
3
5

Yes
No
Do not use salt
Don’t know / Not sure/ Refused

64. (Ever advised you to) reduce alcohol use (to help lower or control your high blood
pressure)?
1
2
3

Yes
No
Do not drink
5
Don’t know / Not sure / Refused

65. (Ever advised you to) exercise (to help lower or control your high blood pressure)?
1
2
3

Yes
No
Don’t know / Not sure / Refused

66. (Ever advised you to) take medication (to help lower or control your high blood
pressure)?
1
2
3

Yes
No
Don’t know / Not sure/ Refused
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67. Were you told on two or more different visits to a doctor or other health professional
that you had high blood pressure?
1
2
3
4
5

Yes
Yes, but female told only during pregnancy
No
Told borderline or pre-hypertensive
Don’t know / Not sure / Refused

Cholesterol Awareness
68. Do cholesterol problems run in your family?
1 Yes
2 No
3 Don’t know / Not sure/ Refused
69. Blood cholesterol is a fatty substance found in the blood. Have you EVER had your
blood cholesterol checked?
1
2
3
4.

Yes
No [Go to next section]
Don’t know / Not sure [Go to next section]
Refused [Go to next section]

70. When checking you blood cholesterol today it was
1 ___
2 Refused

71. About how long has it been since you last had your blood cholesterol checked?
1
2
3
4
4

Within the past year (anytime less than 12 months ago)
Within the past 2 years (1 year but less than 2 years ago)
Within the past 5 years (2 years but less than 5 years ago)
5 or more years ago
Don’t know / Not sure / Refused

72. Have you EVER been told by a doctor, nurse or other health professional that your
blood cholesterol is high?
1
2
3

Yes
No
Don’t know / Not sure / Refused
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73. Are you taking any traditional medicines for your cholesterol?
1
2
3

Yes
No
Don’t know / Not sure/ Refused

5 If you are taking a traditional medicine for your cholesterol, which ones are you
taking?_______________________________________________________________
_____________________________________________________________________
____
74. How often do you take these medicines?
1.
2.
3.
4.

once or more per day
several times per week
several times per month
ever/refused

Cardiovascular Disease Prevalence
75. Do you have a family history of heart attack, Stroke, etc.?
1 Yes
2 No
3 Don’t know / Not sure / Refused
76. (Ever told) you had a heart attack?
1
2
3

Yes
No
Don’t know / Not sure / Refused

77. (Ever told) you had angina or coronary heart disease?
1 Yes
2 No
3 Don’t know / Not sure / Refused
78. (Ever told) you had a stroke?
1
2
3

Yes
No
Don’t know / Not sure / Refused

79. Do you experience chest pain?
1 Yes
2 No
3 Don’t know / Not sure/ Refused
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80. Do you tire easily?
1 Yes
2 No
3 Don’t know / Not sure/Refused
81. Do you experience swelling of feet, ankles, legs?
1 Yes
2 No
3 Don’t know / Not sure/ Refused
82. Have you ever had heart surgery?
1 Yes
2 No
3 Refused
83. Have you ever had problems with circulation? (ex: blood clots, ulcers, coldness,
numbness, poor healing)
1 Yes
2 No
3 Don’t know / Not sure/ Refused
84. Are you taking any traditional medicines for your cardiovascular health?
1 Yes
2 No
3 Don’t know / Not sure/ Refused
85. What
traditional
medicines
are
you
taking?_________________________________________________________________
_______________________________________________________________________
86. How often do you take these medicines?
1
2
3
4

once or more per day
several times per week
several times per month
never/refused

Gastrointestinal Disease
87. Do any Gastrointestinal problems run in your family?
1 Yes
2 No
3 Don’t know / Not sure / Refused

88. Have you noticed any bowel changes in the past 6 months?(diarrhea or constipation)
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1 Yes
2 No
3 Don’t know / Not sure / Refused
3
1
2
3
4

How often do you eat fatty foods such as French fries or potato chips?
Daily
4-5 times/week
1-3 times/week
Never/don’t know/refused

91. Do you have pain or in your stomach or feel gassy after eating fried foods?
1
2
3
4

Yes
No
Sometimes
Don’t know / Not sure/Refused

92. Do you experience stomach pain, or feel gassy after eating or drinking milk products?
1
2
3
4

Yes
No
Sometimes
Don’t know / Not sure/refused

93. Have you noticed any changes in your appetite, taste or smell?
1
2
3

Yes
No
Don’t know/refused

94. Have you lost 10-20 pounds in the last month?
1 Yes
2 No
3 Don’t know/refused
95. Have you gained 10-20 pounds in the last month?
1 Yes
2 No
3. Don’t know/refused
96. Today’s measurement of your Body Mass Index (BMI) is 1
2
3
4
5

less than 18
18-24
25-28
over 29
refused

Tobacco Use
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97. Have you smoked at least 100 cigarettes in your entire life?
NOTE: 5 packs = 100 cigarettes
1
2
3
4

Yes
No [Go to question 100]
Don’t know / Not sure [Go to question 100]
Refused [Go to question 100]

98. Do you now smoke cigarettes every day, some days, or not at all?
1
2
3
4

Every day
Some days
Not at all
Don’t know/Not sure / Refused

99. Have you ever smoked marijuana?
1 Yes
2 No
3 Don’t know / Not sure / Refused

Secondhand Smoke
100. On how many of the past 7 days, did anyone smoke in your home while you were there?
1
2
3
4

daily
a few times a week
a few times a month
Don’t know / refused

101. Which statement best describes the rules about smoking inside your home? Do not include
decks, garages, or porches.
1
2
3
4
5

Smoking is not allowed anywhere inside my home
Smoking is allowed in some places or at some times
Smoking is allowed anywhere inside my home
There are no rules about smoking inside my home
Don’t know / Not sure / Refused

Alcohol Consumption
102. During the past 30 days, have you had at least one drink of any alcoholic beverage such as
beer, wine, a malt beverage or liquor?
1
2
3
4

Yes
No [Go to question 107]
Don’t know / Not sure [Go to question 107]
Refused [Go to question 107]
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103. One drink is equivalent to a 12-ounce beer, a 5-ounce glass of wine, or a drink with one
shot
of liquor. During the past 30 days, on the days when you drank, about how many drinks did you
drink on the average?
1
2
3
4

none
1-3
4-6
Seven or more

104. Have you ever had problems with your alcohol use? (ex: fights with your spouse, missing
work, etc.)
1 Yes
2 No [Go to question 107]
3 Don’t know / Not sure[Go to question 107]
4 Refused[Go to question 107]
105. Have you had problems with you alcohol use in the past 6 months? (ex: fights with your
spouse, missing work, etc.)
1 Yes
2 No
3 Don’t know / Not sure / Refused
106. Have you had and addiction to alcohol?
1 Yes
2 No
3 Don’t know / Not sure / Refused
107. Have you ever used drugs to help you cope with life? (ex: Marijuana, OxyContin, etc.)
1 Yes
2 No
3 Don’t know / Not sure / Refused
108. Do you participate in any spiritual practices?
1 Yes
2 No
3 Don’t know / Not sure
4 Refused
109. What practices do you participate
in?___________________________________________________________________________
_____________________________________________________________________________
_
110. Do you burn sweet grass?
1
2
3
4

Yes
No
Don’t know / Not sure
Refused
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111. Where do you get your sweet grass
from?_________________________________________________________________________
_____________________________________________________________________________
_
112. Do you keep sweet grass in your house?
1
2
3
4

Yes
No
Don’t know / Not sure
Refused
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113. Over the last 2 weeks, how many days have you had trouble concentrating on things, such
as reading the newspaper or watching the TV?
1
2
3
4

daily
a few times/week
a few times/month
never

114. Over the last 2 weeks, how many days have you moved or spoken so slowly that other
people could have noticed?
1
2
3
4

daily
a few times/week
a few times/month
never

115. Has a doctor or other healthcare provider EVER told you that you are depressed?
1
2
3
4

Yes
No
Don’t know / Not sure
Refused

Demographics
116. What is your age?
1
2
3
4
5

18-29 years
30-44 years
45-59 years
60 -69 years
70 + years

117. What is the highest grade or year of school you completed?
1
2
3
4
5
6

Grade 8
Some high school
Grade 12 or GED
Some University / college or technical school
University / College graduate
Refused

118. Indicate sex of respondent. Ask only if necessary.
1
2

Male
Female

Environmental contaminants and human health

167

Indoor Air Quality
119. During the past 12 months, on how many days have you used a wood or coal stove,
fireplace, or kerosene heater inside your home?
1
2

Daily
A few times/week

3
4
5

A few times/month
Occasionally
Never

120. Do you currently have mold in your home on an area greater than the size of a dollar bill?
1
2
3

Yes
No
Don’t know / Not sure / Refused

Section 24: Home Environment
121. What is the main source of your home water supply?
1
2
3
4
5

A city, county, or town water system
A small water system operated by a home association
A private well serving your home
Other source
Don’t know / Not sure / Refused

122. Which of the following best describes the water that you drink at home most often?
1
2
3
4
5

Unfiltered tap water
Filtered tap water
Bottled or vended water
Water from another source
Don’t know / Not sure / Refuse

23. Do you believe that your tap water is safe to drink?
1 Yes
2 No
3 Don’t know / Not sure / Refused
124. Do you have any concerns regarding the environment on your reserve and it’s effects on
your health?
1
Yes
2
No
3 Don’t know / Not sure / Refused
If the participant is a woman :
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How many pregnancies have you had?
1
2
3
4
5

none
1-2
3-5
6+
Refused

126. How many miscarriages have you had?
1
2
3
4
5
127.

Have you had any still births or lost any babies in the first week after birth?
1
2
3
4

128.

none
1-2
3-5
6+
Refused

none
1
2 or more
Refused

Have you had any babies born with differences from other babies?
1
2
3
4

none
1
2 or more
Refused

129.
What were the
differences?___________________________________________________________________
_____________________________________________________________________________
______________
130. Do you have any concerns about the development of your children? Please describe these
differences.____________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
____________________________
131. Have you ever been told you have Endometriosis?
1
Yes
2
No
3
Don’t know / Refused

132. Do you have pain during your period when you urinate?
1
Yes
2
No
3
Refused
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133.
Do you have any concerns about your
periods?______________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________
134.Was a sample of moose-meat gathered? If no go to question 136.
1
Yes
2
No
135. Where was the moose
killed?________________________________________________________________________
_____________________________________________________________________________
______________
136. Was a sample of venison gathered? If no go to question 138.
1
Yes
2
No
137. Where was the deer
killed?________________________________________________________________________
_____________________________________________________________________________
______________
138.

Was a sample of fiddle heads gathered? If no go to question 140.

139.
Where were the fiddle heads gathered?
_____________________________________________________________________________
_____________________________________________________________________________
_________

140.

Was a sample of blueberries gathered?

141.
Where were the blueberries gathered?
_____________________________________________________________________________
_____________________________________________________________________________
_________

This questionnaire is based on the BRFSS Survey Questions, (2008). Centers for Disease
Control and prevention (CDC). Behavioral Risk Factor Surveillance System Survey
Questionnaire. Atlanta, Georgia: US Department of health and Human Services, Centers for
Disease Control and Prevention.
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Appendix B:
Informed Consent Form

Informed consent
Mapping of the contaminants affecting the health of First Nations in
New Brunswick
Principle investigator: Grace Getty RN MN, Professor, Faculty of Nursing, UNB.
Toll-free phone number 1-888-314-3444. Office phone number 506-458-7621;
getty@unb.ca
The Union of New Brunswick Indians (UNBI) is working with Dr. Mioc, from the
Department of Geodesy at UNB to map areas of environmental pollution in First Nations
communities in New Brunswick and with Grace Getty from the Faculty of Nursing at
UNB to compare the health of people living in areas where the environment has been
polluted with those who are living on reserves where such pollution has not been found.
In this study, nurses or senior nursing students will talk with you about your health and
will offer testing for high blood pressure, diabetes, as well as measure your height and
weight, waist circumference and waist/hip ratios, and cholesterol level. This will take
about an hour and a half of your time.
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The interview will take place wherever you choose, usually your own home or
the health center.



Participants will receive a written record of their own screening results as well
as any symptoms consistent with health effects of prolonged exposure to
environmental contamination.

 Those who wish to do so, and who give written consent, may choose to have
their names added to a database with the symptoms or illnesses experienced.
This will begin a record that documents evidence of possible effects on your
health related to environmental contamination. The database will be kept in a
password protected computer file in the health center of your First Nation
community.

 Participation in this project is voluntary and you may choose to withdraw at
any time or to refuse to answer any question without any penalty. You will not
experience any loss of health care or social services if you choose to not
participate.

 Your name and other identifying information will be kept confidential unless
you give written permission to record your name and data in the contaminants
exposure database.

 Your consent form will be locked in a drawer to which only the health director
of your community will have a key. This will be separate from your data.
Your health history, and screening (testing of BP, etc) results will be retained
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in a password protected computer file in the office of the principle investigator
and in your community health center.


If you wish to speak to Grace Getty about this study please feel free to call her
on the toll-free line, 1-888-314-3444 or e-mail her at getty@unb.ca



If you with to speak to someone at UNBI about the study, please call Ron
Perley or Darrell Paul, the Executive Director of UNBI at 506-458-9444.



If you wish to speak to someone outside of the study, you may call Dr. Judy
MacIntosh at 458-7638, who is the Assistant Dean of Research and Faculty
Development in the Faculty of Nursing at UNB.



The results of this study will be reported as follows:
o Your own results will be reported to you in a written record first
o The group results of all the participants, with no identifying information
will be reported:


To the Chiefs at a UNBI Board meeting,



To each participating community at a community meeting and in
community newspapers where available,



At health and Aboriginal research conferences, such as the
Aboriginal Policy Research Conference and the Aboriginal Health
Conferences.



In health, policy and environmental journals.



Finally, they will be compiled into a report which will be
submitted to the Environmental Health Department of First

Environmental contaminants and human health

173

Nations and Inuit Health Branch, Health Canada, which have
funded this study.


All reports of this health study results will be approved by the
Health Director of your community and the Union of New
Brunswick Indians as well as Grace Getty.

Having read the explanation of this study, I have been given an opportunity to
discuss it and my questions have been answered to my satisfaction at this
time.

I understand that I am free to sign this consent form using a code made up of
the first two letters of my mother’s maiden name, the day of my birth and the
first letter of my second name in order to protect my identity.

If I wish to have my information entered onto a database, I understand that I
will need to sign another consent form before my name and data can be
entered. This database will be retained in the office of the Health Director in
the health center of my own community, in a password protected computer
file.
Signed:___________________________Date:_____________________
I,___________________________ a research associate have discussed all of
the contents of this informed consent form and have answered any questions
posed by ___ (initials of participant) and he/she consents to participate.
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I, Grace Getty, the researcher of this study promises to keep the commitments
contained in this Informed Consent form.
Signed: _______________________________Date:_____________________
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Appendix C:
Faculty of Nursing Ethics approval
Notice of Approval
From the Faculty of Nursing Ethics Review Committee
PRINCIPAL INVESTIGATOR(S)

CO-INVESTIGATOR(S)

Grace Getty, Professor, Faculty of Nursing,
getty@unb.ca; (o)458-7621; (h)455-3076

Dr. Susan Nichols, UNB, Department of
Geodesy and Geomatics
Dr. David Coleman, UNB, Department of
Geodesy and Geomatics
Dr. Darka Mioc, UNB, Department of
Geodesy and Geomatics
Ron Perley, UNBI

STUDENT INVESTIGATOR

THESIS SUPERVISOR

TITLE OF RESEARCH

MAPPING OF THE CONTAMINANTS AFFECTING THE HEALTH OF
FIRST NATIONS IN NEW BRUNSWICK
SETTING WHERE RESEARCH WILL BE CARRIED OUT
First Nation Reserves Communities in New Brunswick
APPROVAL DATE May 20, 2009

The proposal describing the above-named project has been reviewed by the Faculty of
Nursing Ethics Review Committee and found to meet ethical requirements.
Members of the Faculty of Nursing Ethics Review Committee 2009
Kate Weaver (chair)
Donna Bulman
Jennifer Donovan
Barbara Paterson
Debbie Bastien
Committee Representative:
Print name:
Dr. Kathryn Weaver
May 20, 2009
Date

Lynn Duffy
Krista Wilkins
Brenda Mercer
Marilyn Merritt-Gray
Tracey Smith
Signature:
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