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ABSTRACT
The Nanaimo Coalfield was a major coal producer between 1852 and 1968. During this
time, coal was mined extemsly in the area of South Wellington. The quality of
groundwater in South Wellington may be adversely affected as mine site abandonment
causes a deterioration of the hydrological system. This thesis employedcactiee
study and examined the qualityarinking water and geographic variations in health of
residents in two communities on Vancouver Island, South Wellington and Cinnabar. The
control group, situated in Cinnabar, derives its water from the City of Nanaimo. However
private groundwater wellsupply drinking water to the study group, South Wellington.
Abandoned coal mine workings degrade groundwater and in turn may affect the public
through norpoint source pollution. Disease and ill health are more common in South
Wellington than in Cinnabar.HEe analyses of well water samples in South Wellington
have revealed high levels of total dissolved solids and total coliform, aluminum,
antimony, arsenic, cadmium, iron, lead, selenium, sodium and thallium. Each of these

elements has been linked to varidiseases and disorders and may be predictive of ill

health in South Wellington.
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CHAPTER ONE: INTRODUCTION

Objectives of this thesis

It has been established that pathogenic contamination of drinking water has
resulted in countless outbreaks of disease and ill health. Exposure to nonpathogenic, toxic
contaminants through drinking water however, also is a gignif and threatening health
risk to humangRitter Len et al. 2002)Yet, the public health effects of organic
compounds and metals associated with drinking water are u(diz#onal Research
Council (NRC) 1980(a))Surveys by the Environmental Protection Agency (EPA) have
Aconfir med fteveral ogpganic petrolerira and solvent types of compounds in
drinking water affected by mine operations
c ar c i n(Natomal Research Council (NRC) 1980(&ne area affected by such a
potential health threat is South Wellington, located to the south of Nanaimo, on
Vancouver Island.

This researt project focuses on the potential positive and negative impacts of
groundwater, the quality of which may be influenced by abandoned coal mine workings,
on the health of residents in South Wellington, Nanaimo, British Columbia. It compares
the health of atudy group in South Wellington drinking well water, with a control
group, in nearby Cinnabar, drinking water from the city water mains. Drinking water
from both the mains supply and domestic wells has been collected and analyzed for a
variety of possibleontaminants. Health data from the study and control groups have
been obtained using a structured questionnaire. These two sources of information,
therefore, permitted statistical correlations of health and water quality variables in order

to provide insigpts into major research questions.



Research Questions

The first questions addressed by this
di sorders suffered by the inhabitants of
gener al h e a | ntanviewsiusing a gquestioanaie Were cbnducted in both the
study and the control areas in an attempt to address the issue. The first portion of this
guestionnaire collected detailed health information on both groups. Variations in the
drinking water quali were then used in attempts to explain observed differences in
population health.

The second question addressed was more tentative and assumed that many
diseases and/or disorders would be found to be higher in South Wellington than in
Cinnabar. If thisvas so, it would be important to identify which factors were predictive
of such elevated levels of diseases and/or disorders in South Wellington. A major
component of this study, therefore, involved the collection of specific information on the
populationsof South Wellington and Cinnabar including their behavioral, lifestyle and
socioeconomic characteristics. These data were then analyzed statistically in an attempt

to compare the general population characteristics and the health of both groups.

Thefinalr esearch question addressed was i

between diseases and/or disorders in South Wellington and the consumption of well

t

S

S

water ?0 I n other words, what is the signi

South Welington? There are many known links between water quality and disease. For

example, water can be toxic if it contains elevated (Mimistry of Water, Land and Air



Protection 1998). According to Health Canada, at levels above the stdridadrinking

water quality of 0.3 mg/L, iron may be associated with the development of neoplasms.
Studies have also shown that elevated nitrate is perhaps associated with the development
of Sudden Infant Death Syndror{téeorge 2001)High levels of monomeric aminium

have been | inked with sever al f or(fruster of dem
2002, 2004) The health effects of many other elements, however, are unclear. There have
been few studies for example, on the impacts of hydrogen sulphide in drinking water
(Health Canada 1987(a))et hydrogen sulphide is commonly foundhe groundwater

near coal mine@Bickford 2003) This gas is known to cause detrimental respiratory

illness in humangHealth Caada 1987(a))Yet, the systemic effects of ingesting

hydrogen sulphide are obscure, and studies correlating hydrogen sulphide to health have
been restricted to lab animdldealth Canada 1987(a)y an effort to identify the

significance to health of organic compounds that have toeg at elevated levels in the
drinking water of South Wellington, a detailed literature review and thorough analysis of
the water quality data was undertaken.

Water samples have been collected from the study area, and analyzed by
Caledonian Water Systes Ltd. in Duncan for a wide variety of known toxins and
substances. To illustrate, groundwater flowing through abandoned coal mines often has
depressed pH levels and typically contains elevated hydrogen sulphide, iron, aluminium
and nitrategBickford 2003) Such water is also typically high in copper, zinc, mercury,
and leadMeadows and Carpenter 199The analysis conducted has established that

much of the water consumedthre South Wellington study area contains noxious

! The Ministry of Environment (MOE) is formerly known as, and referred to throughout this #sethe
Ministry of Water, Land and Air Protection (MWLAP). The MWLAP was reorganized into the MOE (from
June 2004June 2003).



substances that exceed the recommended water quality guidelines laid out by the Ministry
of Water, Land and Air Protection (WLAP).
The Study Area

South Wellington is a large, rural area South of the cityafaimo. It is a mix of
industrial, residential and commercial land use along the Trans Canada Highway and is
| ocated within the Regional El ector al Di st
supported 1,955 families with a total population of 6,420 (Ceanada 2001).

The City of Nanaimo and most surrounding areas receive piped water from the
Nanaimo Lakes and the Nanaimo Ri{€ity of Nanaimo 2001 (a))Approximately 20km
from the city boundary, water is transported from the South Fork Dam and Jump Creek
Reservoir, to the village south of Extension and the city of Nanaimo via two parallel
pipelines(City of Nanaimo 2001(a)However, the main pipeline does not service South
Wellington, located to the south of the City of Nanaimo. This area still relies entirely on
groundwatemvells for domestic water purposes, as there are no community water or
sewer services to this area. Sewer services are also absent in South Wellington as
residents rely on individual septic tanks.

Aquifers are vulnerable to contamination from varying sesirdepending on the
nature of the overlying bedrocks including their type, thickness and depth. Several
aquifers are located within electoral district area A, including the Cassidy aquifer which
Ai s situated 4.5 to 6 me hddasrparticidaely soseeptibla e gr o
t o cont a(@ityof&dNanairmon2004)Soils are thin and fractured bedrock is
common in certain parts of this area. As a

may be spor adi(GtyoaNadaimo 2001¢ Theé wnreliabality of the



domestic water source, and the limited capacity of the water supply have caused residents
of this area to experience water shortages
water qualityad quantity i s especially 1 mportant t
(City of Nanaimo 2001)

Most domestic wells in South Wellington have been drilled to depths ranging
from 15.24m to 60.96m (WLAP 2003). Details of these differifgligies can be
obtained from the Water Land and Air Protection well database accessible from the
Ministrydos website. As would be expected,
distinct coal seams in the South Wellington area, some wells have fieshdirectly
into the abandoned coal mines or coal seams.

Geography and History of Coal in South Wellington

The discovery of coal in the mid 180060s
Col umbi ads t hi r d(Leduc 2084 Tthe btacktfugl pf thil Fceatirym o
contributed significantly to the heritage and the history of Nanaimo and its surrounding
areas.In185x3 f t er the discovery of coalfields in
(HBC) transferred its mining activities to the area and the Nanaimo Coalfield became a
major coal producer between 1852 and 1dB&vis 1986)

Due to lack of capital, the HBC joined the Vancouver Coal Mining and Land Co.
Ltd. to begin production. During the yearsexploration and excavation, between 1852
and 1968, coal was the primary fuel for the Western world and production at the
Nanaimo coalfields proved exceptionally financially rewarding. The HBC mines at
Nanaimo proved to be very productive and by 1859 wWeresource of 6,000 tons of coal

annually(Ministry of Energy and Mines 1999F his coal was shipped from Nanaimo and



sold in Victoria before being redistributed to other ci{Mmistry of Energy and Mines

1999) RobertDunsmuir, a pioneer in the coal industry at the time, encouraged
exploration for coal in the Nanaimo area and the Wellington seam, the thickest and most
extensive of the coal seams in the area was soon discovered.

There are three major seams within the &Niaro Coalfield; the Wellington,
Newcastle and Douglas. The HBC developed the Douglas, the uppermost mineable seam
(Gardner 999) The Douglas Mines included those referred to as the Black Track Mines,
which had seams averaging over 1.524m tf@krdner 1999)Included in the Black
Track Mines in South Wellington are: the Alexander slope, South Wellington no.5 slope
and South Wellington no.10 slope. South Wellington no.10 slope was one of the prime
mines within the Douglas seam, producing 2.7iomlkonnes between 1937 and 1952
(Davis 1986) These three mines are those md&lyi to have a significant impact on
groundwater in South Wellington.

The Nanaimo coalfield and the location of coal exploration, is shown in Figure 1.
The bedrock geology of the major coal seams in Nanaimo and South Wellington is
portrayed in Figures 2nal 3. These maps illustrate the thickness of the coal seams and
the bedrock geology in South Wellington nearest the three major coal seams, South
Wellington no.10 slope, the Alexander slope, and South Wellington no.5 slope.

Located near Extension Road, thiexander Slope was opened in 1§84urray
1986) It closed in 1901 after filling with waternd reopened in 193Murray 1986)
Problems relating to spontaneous combustion caused it td@latfor a second time in
1935(Murray 1986) According to the Ministry of Energy and MinesNianaimo, this

specific mine had OIl(Mutray198d) pr obl ems wi t h

W
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Figure 1: The Nanaimo Coalfield and Location of Coal Exploration

Souce: British Columbia Ministry bEnergy and Mines. Website. Coalbed Methane Project
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Sauth Wellington no.5 slope is located to the north of Becks Lake. This mine
opened in 1917, and displayed extreme variations in coal thickessay 1986) With
the development of fuel oil and spontaneous combustion within the shafts, the mine
closed in 193%Murray 1986)

In 1937 South Wellington slope no.10 opened to the south of the no.5 slope
(Murray 1986) Although mostly lowguality coal, seams in this modern mine ranged
from 2.45mi 6.1m thick in diametefMurray 1986) This mine remained open from
1937 until 1952, when explosions and ventilation problems prompted its c{Munay

1986)



CHAPTER TwO: MEDICAL GEOGRAPHY
Interest in the geographical aspects of disease, nutrition and health care has
exiged since Hippocrates, who wrote:

Whoever wishes to investigate medicine properly, should proceed thus: in the first
place to consider the seasons of the yea
Then the winds, the hot and the cold, especially sueneasommon to all

countries, and then such as are peculiar to each locality. We must also consider the
gualities. In the same manner, when one comes into a city to which he is a stranger,
he ought to consider its situation, how it lies as to the windshendsing of the

sun: for its influence is not the same whether it lies to the north or the south, to the
rising or to the setting sun. These things one ought to consider most attentively, and
concerning the water which the inhabitants use, whethetb#hayarshy and soft, or
hard, and running from elevated and rocky situations, and then if saltish and unfit
for cooking, and the groundwater, whether it be naked and deficient in water, or
wooded and well watered, and whether it lies in a hollow, confitiealti®n, or is
elevated and cold: and the mode in which the inhabitants live, and what are their
pursuits, whether they are fond of drinking and eating to excess, and given to
indolence, or are fond of exercise and labour, and not given to excess gnaeatin
drinking (Adams 1849)

As pointed out by Light (1944) Adthe influer
and on life itself, has long been observed by medical scientists, and for the past century

and a half a separate branch of(Lighttledd)y has
Medical geography then has evolved more recently, being recognized adiacspiine

for some 200 year According to Pacione (1986, xi) this branch of geography involves

At he anal ys-ensiroronentat rélagionship af disease, nutrition and medical

care systems in order to elucidate its int
prominern medical geographer, Leonard Ludwig Finke, published a-thwkene study

in which he emphasized the relationships between disease and the environment. He

wWr ot e, to Awhich di seases and evils i s man

somewhere else, bause he breathes this and no other air, he eats this and no other food,



drinks this and no other water, has this a

Light 1944, 636). This philosophical approach to medicine continued to hold dominance,

in the Developed World, until the wide acceptance of the germ theory in the second half

of the nineteenth century. Meade and Earikson (2000), for example, point out that for

A2, 000 years medicine was concerned with g

gove nment, and economy. o0 However the widesp

germ theory, also known as the fidoctrine o

to be abandoned in the last fifty years of the nineteenth century. However, paradigms

again seem to be changing. Since the-mitteenth century physicians had tended to

place emphasis on specific etiology, ignoring the multiple variables involved in the

etiologies of each disease complex. May (1950), in contrast, stressed the impdrtance o

Aforganic survivalo in a particular environ

a single organism to a muftceted causality. This holistic approach allows exploration

beyond the surface of causal itadoesa@ fAnot hi

stem from deep, inviMaylBdl)e, and unknown roo
Medical geographers continue to look beyond infectious pathogens and genetics

in an attempt to expila the origins of health and disease. Meade and Earikson (2000), for

example, recently developed the Triangle of Human Ecology, with its emphasis on three

main factors (see Figure 4). These are considered to be further influencedfagters

whi ch tihnfeorvmerti ces of a triangle that encl o

Earikson 2000). Firstly, gender, age and genetics interrelate to affect the biological

balance of a population or an individual. Secondly, the behavior of this population is an

observable aspect of culture and is derive



soci al norms, and individual psychol-ogy. 0
existing factors that determine the behavior of a population, or an individuddediefs,
technology, and social organization. Thirdly, these two authors argue that through

behavior people create a social habitat.



The multidimensional causal relationship that encompasses disease ecology has
been extensively expted, and well integrated into the Triangle of Human Ecology.
Medical geography is a subscipline of geography not a stield, because subelds
generally have a central theoretical parad{@mown 1998)and medical geography uses
a wide variety of theoretical perspectives. Simitamost sukdisciplines within the field
of geography, it has been developed by drawing relevant models from many other
disciplines.

Over the past fifty years, medical geography has evolved into a multidimensional
repository of knowledge regarding thgasial aspects of human health (Pacione 1986). Its
evolution has relied heavily on interdisciplinary concepts and perspectives, and it has
bridged a gap between the biological and physical sciences. This has raised difficulties
because @ mo snowndoibs raultfacesal ireaetelogk the relevant factors
for study rapidly approach infi McGlaghamnd s o
1972) Nonetheless, methl geographers often strive to answer questions with similar
methodologies and techniques. Studying disease ecology, for example, typically involves
disease mapping and statistical analysis.

Disease mapping is one method of creating a visual represargatio
geographical distribution and the identification and representation ofiactdired
disease complexes. Mapping has become one of the most valuable tools for revealing the
spatial diffusion of disease. An early example of mapping in medical geograshihe
work of John Snow who studied the epidemiology of cholera in London. Through careful
observation, Snow created a 0dot mapdé of t

epidemic(Lawson 2001)With this tool Snow was able to indicate that the spread of



cholera was probably the result of drinking contaminated water from a pump in Broad
Street(Lawson 2001)

Modern technology, such as Geographical Information Systems, has had a major
impact on mapping and spatial statistical tools as well. As a consequenaslimed
geography has become a prominent discipline. In China, for example, many advances in
health have been achieved by applying its research results. To illustrate, several studies
have examined the prevention and treatment of endemic diseases suchaasdisesise
and KaschirBeck diseaséJian'an 1990)Both of these diseases have been shown to be
very prevalent in lowselenium environments. It is not surprising then, that soil and table
salt supplementation with selenium has greatly reduced the incidences of Keshan and
KaschinBeck diseass(Jian'an 1990)Iin addition, manyegions of China are iodine
deficient because this trace element is often leached from the soils of high mountain
areas. lodine deficient diseases such as goitre and cretinism were common, but are now
being controlled through the promotion of iodized saliffected areaflian'an 1990)

Medical Geography Research

Medical geography has been conventionally defined as-disaipline involving
the spatial distribution and geographical variations of disease, and access to health care
(Parr 2003) The research project described in this thesis focuses on geographic variations
of disease and an associative analysis of the health of individual$widistinct
communities. Spatial relationships are involved since an analysis of individuals from two
geographically separate areas is conducted. The study group is situated in South
Wellington and drinks groundwater water from wells that may be affégtethandoned

coal mines. The control group is located in the city of Nanaimo and uses city reservoir



water. Both South Wellington and Cinnabar are shown in Appendix 1.1 and 1.2 and air

photos of the Regional District of Nanaimo are shown in Appendixrid3.at.



CHAPTER THREE: LITERATURE REVIEW
Coal Mining and Groundwater

Relatively little is known about the pestining of coal and its effects on
groundwater. However, it is generally understood that the influence of mine site
abandonrant has adverse effects on the quality of groundwBearie 1988) Aside
from mining activities, it has also been accepted that undisturbed coal deposits release
and contaminate water supplies with heavy metals and organic com@Quads2003)

Due to miningnduced fracturing of bedrock, abandoned coal mines have the
ability to cause the loss of overlying perched aquifBrskford 2003) A study by Epps
(1978) reports that in coal mining regions, groundwater supplies are susceptible to
pollution from percolation. With great porosity and permeability, abandoned coal mines
become aqui f er s welknownhhatroclenines ars aquiférd and that the
yield of the aquifer i s c(Barrie 1988)Moeedverbity t he
is suspected that a portion of the residential wells in South Wellington draw water
straight from the mirng(Bickford 2003)

With degrading effects on groundwater, abandoned mines significantly affect the
general public through the discharge of 4paint source pollutiofMeadows ad
Carpenter 1997Well water becomes highly susceptible to Acid Mine Drainage (AMD)
with the flow of water through abandoned ¢
flowing from or caused by surface mining, deep mining or coal refuse piles that is
typi cally highly acidic wit H{Meadovesaradt ed | evel

Carpenter 1997)



AMD typically occurs whenever groundwater moves or leaks into a mine. The
water becomes highly acidic due to the presence of hydrogen ions and dissolved metals
such as iron, aluminum and mangan@atnson 2002)With the oxidation of sulphide
minerals, inorganic sulphur compounds are commonly found igadige to acidity in
groundwater affected by coal ming®hnson 2002 While coal mines are in operation,
groundwater is constantly being pumped to prevent flooding of the work area. When
mine operations cease, however, so does the pumping of water. With the absence of the
undergroundwater pump the groundwater will natyrbegin to rise, dissolving iron
oxides, sulphates and proton acidity, all of which are products of pyrite oxidation
(Sherwood 1997)

AMD occurs when water and oxygen react with pyrite or sulpbaigaining
minerals. The water may become contaminated with coal and mineral matter and with the
soluble oxidation products of pyrite in thisskil fuel(Soliman 1998)

When iron sulphide minerals and pyrite (which is found naturally in the seams of coal)

are exposed to air and water, ferrous sulphate and sulphuric acid are prdthatcathl
Research Council (NRC) 1980(a)) Coal contains fiup to 10%
whi ch i s ¢ o niulmmsoh 3002syiphur is presént in coas partly organic

and inorganic compounds, and upon combustion it is converted into sulphur dioxide
(Commission on Energy and the Environment 198ljs gas is very soluble in water,

and creates a highly acidic environment. The groundwater system is then adversely

affected, as fAsul phuric acid dissolves hea

me r ¢ (Meadaws and Carpenter 1997)

S
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Arsenic is commonly found throughout
contaminant of groudtwater, often leaching into drinking water through mining waste
(Weir 2002) Arsenic has been found at elevated leveleweral Canadian Provinces
including Nova Scotia, Manitoba, Ontario and British Colun{Ridter Len et al. 2002)
Levels of arsenic, well above the Canadian Drinking Water Quality Guidelines, were
recently found in aumber of wells in Sechelt, British Columlgiéinistry of Health
1995) Arsenic, when exposed to air and water through activities such as drilling wells
and mining, turns into arsenate and arsenite, becoming toxic to hy8aantsi 2004)

Previous studies have shown that in coal mining areas, the quality of groundwater
decreases with depth. Alberta, the quality of groundwater near coal mines has been
adversely affected by numerous substatfiBesrie 1988) Nitrate, iron, fluoride,
sulphide, sodium and alkalinity levels all exceeded the recommended daily guidelines for
drinking water(Barrie1988) A study of the Estevan valley aquifer in Saskatchewan also
showed incongruously high levels of iron. In 1961, iron levels in this aquifer were
measured at 2.1 mg/L, significantly above the Canadian water quality guidelines of
0.3mg/L(Barrie 1988.

In analytical reports of observation wells, the Ministry of Water Land and Air
Protection (WLAP) annually calculates the quality and quantity of well water throughout
the province of British Columbia. Of the three observation wells located in Nartaieno,
Cassidy well (well #228) is the nearest to South Wellington. The analytical report for
August 2002 shows that this particular well is high in both iron and sulphur. The iron
content is extremely high at 6.79 mg/L, which greatly exceeds the recommended

allowable level of iron in drinking water which is 0.3 mdHealth Canada 1987(b)yhe

t

h



sulphur content of this Cassidy well is also very high at 1.2 mg/L. According to WLAP,

the recommended intake of sulphide (the chemical compound containing sulphur) is
50ug/L, which is only 0.05 mg/L. Theetectable sulphide, in addition to high iron and
manganese, may suggest an anoxic (depleted dissolved oxygen) groundwater condition
(MacFarlane 2003)f anoxic conditions are present, they are likely to be caused by coal
shale or by AMD(MacFarlane 2003)f the source of elevated iron and sulphide is

caused by AMD, one would also expect to find elevated aluminum, manganese, sulphate,
decreased alkalinity (elevated acidity), IlpW and an elevation of other heavy metals
(MacFarlane 2003)

According to Ed Copes (28D at Caledonia Water Treatment Services in Duncan,
the groundwater in South Wellington is also abnormally saline. This seems related to
deep coal mines, which often contain substantial levels of chloride, giving rise to
exceptionally saline wate(8Vorld Coal Institute 1991)

Groundwater in South Wellington may be further impacted by pollution stemming
from septic tanks. Many properties within the Regional District of Nanaimo are not
connectd to sewer collection systems and rely on individual septic t@eater
Nanaimo Regional District 2003pPreviows studies have shown that high levels of
organics from septic systems can contaminate groundwater and cause serious problems
for communities that rely on private wells for drinking water.

Septic tank problems are commonly overlooked, potentially causéng t
contamination of drinking water. The area of absorption is where discharged effluent
water drains from the septic tanks through the subsoil and into the groundwater. Without

proper maintenance sludge may overflow from the absorption area, contaminating



groundwatefBoda 1998) Septic tanks may also leak, adding unsafe levels of nitrates
and coliform bacteria to groundwater.

In Canada, the greatest pesdurce discharge for nitrogen and phosphorus is
from household sewad®itter Len et al. 2002)Briggins and Moerman (1995) studied
pesticide, nitrate and coliform bacterial contamination in 102 farms in an agricultural area
of Nova Scaotia. In this study they found that nitrate levels exceeded the maximum
acceptable allowance for Canadian drinking water quality in 13% of the wells tested
(Moerman 1995)

The problems associated with household sewage and contaminants in drinking
water may be very widespr ead.-sevemwpercentloustr at
privatewate suppl i es have ¢Mackia19892%Ih Megvtya@kStae, ni t r a-
water tests have shown that one quarter ofedriells have been contaminated with
fecal material and other bacterial organigiiackin 1992) In 2002, the Arizona
Depatment of Environmental Quality found high levels of nitratesiak e Havasu Ci
groundwater, prompting a plan to remove all existing septic fdzkslers 2002)Due to
high bacterial counts and elevated levels of nitrate the Department banned all
construction wi t hiumessfthe property ovenersbuild & codtihoa ci t vy
site denitr (Landecs2@02)on sy st e mo

South Wellington is a rural area, which relies heavily on both farming and
agriculture. Total coform levels in groundwater may be the result of fecal
contamination, septic tank leakage or animal waste from farming practices. Pesticides
and fertilizers too may contribute to groundwater contamination. The monitoring of

pesticides and chemicals in dring water varies from municipality to municipality



throughout Canad@Ritter Len et al. 2002)n the past, the monitoring of pesticides has
been infrequent, often only once per ygitter Len et al. 2002)Pollution from these
sources however, depends on the types and amounts of chemicals used and their
application. Pesticides, however, are manufactured to be toxic and fertilizers contain
several contaminants, such as nitrogert, lthae been proven to have ill effects on
humans.

The health risks associated with these pollutants are greatest in rural areas, with
bacterial contamination of drinking water from private wells. Goss and Barry (1998)
conducted a survey of the impactgnoundwater from agriculture in an area of Ontario
where families rely almost entirely on private wells for drinking water. This study
examined the impact of major groundwater contaminants, including nitrates, pesticides
and pathogenic microorganisms, di92 rural farm wellgM. J. Goss 1998)0f the wells
tested, 40% exceeded the maximum acceptable level for these contaminants, 34%
exceeded the maximum acceptable level in coliform bacteria and 14% exceeded in
nitrates(M. J. Goss 1998)

Groundwater Quality and Health

Agricultural and farming practices may cause a number of pathogens to enter
private wells through surface runoff or groundwater. When present in drinking water
these pathogens, including Escherichia coli, may have adverse effect on human health.
Conboy and Gosd 999) tested the bacterial quality of drinking water of over 300 wells
in Southern Ontario. They found that over fifty percent of the wells tested exceeded the
drinking water quality guidelines of fecal and total coliform ley&€enboy 1999)They

also noted however, an assoatbetween the drinking water quality and an increase in



gastrointestinal upsets and diarrhea amongst individuals consuming the well water
(Conboy 1999)
Aside from pathogens, several contaminants including; magnesium, iron, zinc and
other metals are also found in groundwaterréimportantly, these contaminants are
commonly found in the groundwater of British Colum{Néinistry of Health 1995)
Many such substances have known adverse health effects (EPA 2003) but, for the
purpose of this thesis, only those typically found in groundwater locate@dneahin
coal seams will be discussed.
l ron is the fourth commonest el ement in
heavy meta{Health Canada 1987 (b)jVith respect to abandoned coal mines, the
occurrence of iron levels increase with AMBealth Canada 1987(b); MacFarlane
2003) It is not surprising then that, as previously mentioned, the observation well in
Cassidy, near South Wellington has an exceptionally high iron content of 6.79 mg/L
(Ministry of Water, Land and Air Protection Analytical Services. Sutaniby: Liboiron,
Russ 2002)The Canadian drinking water quality guideline for iron is 0.3 mg/L.
The ingestion of large quantities of iron can have significant adverse effects on
human health and may contribute to the development of haemochron{idtsalih
Canada 1987(b)Jrhis conditoomc cur s when d@Anor mal regul ator
operate effectively, |l eading to tissue dam
(Health Canada 1987(b)Yoreover, when the iron concentration exceeds 0.3 mg/L,
exposed individuals are known to be at greater risk of developing neofldsaith

Canada 1987(b))



Sulphur alsmccurs at higher than recommended levels in the Cassidy observation
well. Sulphates, a combination of oxygen and sulphur, are naturally occurring compounds
that dissolve over time and are released into ground@aaener 2003) The buildup of
sulphate has a laxative effect on humans and can cause severe dehydration, which is of
particular concern in infant&arner 2@3). Sulphurreducing bacteria thrive in oxygen
deficient environments, such as wells, and use available excess sulphur as an energy
source. These bacteria produce large quantities of hydrogen sulgarder 2003)

Formed through the decomposition of organic matter, hydrogen sulphide is
flammable and poisonoi¥arner 2003) Although it largely affects the resptory
system, its presence Ainhibits the enzyme
me t a b qOfficesafmEnvironmental Health Assessments 2008yough drinking
water and oral ingestion, sulphides have been reported to cause nausea, headache,
vomiting, epigastric pain, and irritation to mucous membr@Health Canada 1987(a))

The Registry of Toxic Effectsf Chemical Substances reported that after intravenously
administering 6 mg/L of sulphide to male and female rabbits, five of the six animals died
within less than two minutggiealth Canada 1987(a)y a reproduction study using lab
rats, hydrogen sulphide was found to be embryotard to have adverse effects on
reproduction functioningHealth Canada 1987(a))

The analytical report of the Cassidy observation well did not include an analysis
of nitrate. However, elevated nitrate and nitrogen levels have been found in numerous
wells in agricultural areas thughout British Columbia including, Langley, Abbotsford,
Osoyoos and Grand ForkdWLAP 2001) The nitrate and nitrogen content in these

wells exceeded the Canadian Drinking Water Quality Guidelines of 10mg/L. In one



study, Robert Finkelman of the U.S. Geological Survey found elevated levelgeddise
toxins, including nitrates, linked to coal deposits in the BalKelesht 2001) Toxic
wells sunk into shallow coal deposits have caused various ithhefécts including high
blood pressure, urinaityact cancers and kidney failure, which has taken the lives of over
100,000 villagergHecht 2001) Interestingly, high levels of nitrate have been found in
water samples from numerous wells in western British ColuhMbiaistry of Health
2000) In New Brunswick, Canada, Arbuckle et al. (1988) conducted a study on the
relationship between maternal exposure to nitrates in drinking water and health. This
casecontrol study of 130 individals revealed the correlation between exposure to
nitrates and the increased risk of delivering a child with a central nervous system disorder
(Arbuckle et al. 1988)

Nitrates are formed by the breakdown of organic matter, and under certain
circumstances may accumulate in the environr(igatte 1991)Long (2000), has
studied the deteriorating health of individuals in areas of Bulgaria, noting that some wells
had Aexceptionat I gedts2Q0h)Inkthe humdn odyg fiitrates are
converted into nitrites, which may be fatal at excessive l¢kage 1991) This is
especially true in infants where metohemoglobinemia occurs when excessive nitrites
cause the blood to loose its ability to transport oxygtarte 1991) Sudden Infant Death
Syndrome (SIDS) mortality, for example, is positively correlated with high
concentrations of nitrate drinking water(George 2001)Furthermore, when nitrites
react with food in the gastrointestinal tract, they can form potent carcinogens known as

nitrosaminegHarte 1991) A casecontrol study of nitrates in drinking water in



Minnesota revealed nitrate as a possible risk factor in the developmentdfamahg k i n 6 s
lymphoma(Freedman 2000)
Although aluminum levels in the Cassidy observatiai are not particularly
high, this element often can be found abundantly in groundwater, especially in the
presence of AMOMacFarlane 2003)Aluminum has severe impacts on human health
(Health Canada 1995k vidence suggests that areas most harmful to human health are
those in which drinking water contains little calcium and magnesium, but elevated levels
of aluminum(Foster 2002, 2004Aluminum has adverse effects on the oeis/system
and is responsible for various dementia disor@ldemlth Canada 1995If exposed to
high levels of aluminum in dialysis fluid machines, kidney patients develop dialysis
encephalopathy, which is characteristic of speech and behavioral changes, tremors,
convulsions and psychogidealth Canada 1995pther diseases of timervous system
that have also been associated with al umin
| ateral scl er osi s(Health Ganadd O9e i mer 6 s di sease
When examining water quality and health, arsenic is of particular concern. Once
ingested it travels through the circulatory systinto the liver, kidneys, spleen, lungs,
skin and other organs causing several health related @$e@sh Canada 2001(h))
Symptoms of acute intoxication associated with the ingestion of well water containing
arsenic include: abdominal pain, vomiting, diarrhea, pain, weakness and numbness in the
musclesand extremities, flushing of the skin and deterioration in motor and sensory
responsegHealth Canada 2001(h))
Chronic arsenic exposure has also been linked tecanoerous conditions such

as hypertension, cardiovascutiisease mortality and diabetes melli{Genteno 2002)



The NRC (1999) conducted a study in Taiwan and Bangladesh which revealed that the
chronic ingestion of arsenic in drinigrwater increased rates of diabetes mellitus
(National Research Council 199®eproductive and developmentdieets may also be
linked to arsenic exposure. In Texas, a hospital case study suggested that stillbirths were
strongly correlated with proximity to arsenical pesticide production p{émrig 1998)
Other ill effects of longerm exposare to arsenic include; dermal (specifically Plantar
hyperkeratosis), neurological, hematological, and hepatotoxic conditions (such as liver
dysfunction, portal fibriosis and cirrhosi€ommittee on Toxicology 1999)

It is clear even without baseline studiesl amonitoring programs that coal mining
causes a deterioration of the hydrological system. Methods, however, can be used to
reduce and remove harmful elements from groundwater. Limestone and its derivatives
are most frequently used for neutralizing acid envater(Soliman 1998)However,
limestone will only remove certain elements such as those with solubilities sensitive to
pH, such as aluminum and ir@National Research Council (NRC) 1980(&}her ions
such as calcium, magnesium and sulphate are less dependent on pH, andatigy actu
increase with limestone neutralizatifsational Research Council (NRC) 1980Q(ahe
only solution offered by the Ministry of H
devel oping a new we(Mihistryaf Health i995(a))Revessent | oc a't
osmosis is the most reliable way of removing most contaminants from drinking water, but
this process is extremely costly, and in the case of private wells would be undertaken at

the expense of the residts(Ministry of Health 1995(a))



CHAPTER FOUR: RESEARCH METHODS AND DESIGN

For this caseontrol study, data were bected using a survey questionnaire (see
Appendix 2.2), followed by the collection and analysis of water samples from both South
Wellington and Cinnabar. A casentrol study was chosen for this research because of
its efficiency, requiring a smaller safagsize than a cohort study and feasibility when the
diseases studied occur only rar@lyorld Health Organization 1992 he study was
designed to obtaimformation on the individual and household characteristics in both
South Wellington and Cinnabar while measuring the general health of the two
populations using a questionnaire, which addressed specific aspects of human health
based on OTheanlrk ca@galeg300Q)The lestonnaire was
composed of three sections that addressed: (1) population and individual health data; (2)
behavioral characteriss; and (3) social habitat.

South Wellington was targeted as the study area for this research project because
of its geographical proximity to abandoned coal mines and given its use of groundwater
for domestic consumption. In South Wellington, the stuay@e was chosen with
relation to the three major coal seams; the Wellington, Newcastle and Daithiasthe
Nanaimo coalfield. One hundred houses nearest these seams were selected for the
sample. Of this sample, 185 participants in 70 households resgphdBelection biases
were almost completely avoided in this study, as there were no problems specifying the
study sample and the household smesponse bias was very minima&({8). Of the non
responses, the primary respondents of seven households refpseticipate in the
survey, and the remaining 11 households were unaccounted for, as respondents were

absent, or not at home. Cinnabar, used as a control on the other hand, was sampled



systematically. Of the 2140 households in Cinnabar, every tenthHudseas selected
until the required sample size of 70 households was reached (198 participants).

The source of drinking water (the variable being controlled for), location and
sociceconomic characteristics were the key factors in choosing the comagl ar
Cinnabar. Cinnabar is located approximately 1.5 km to the North of South Wellington.
However, unlike South Wellington, it derives its drinking water from the supply system
of the City of Nanaimo, which extends its pipeline from the south fork of thaiN
River. lllustrations of both areas are shown in Appendix .

Cinnabar is an area similar to South Wellington in seconomic characteristics
such as educational attainment, housing quality, income and population demographics.
According to the 200tensus, the population of South Wellington was 6,411 with an
average of 2.6 persons per ho(Sttistics Canada 2001)pproximately 26% of the
population wabetween the ages ofl®, and 18% were 65 years and ol(fatistics
Canada 2001) The population of Cinnabar was 5,085 with an average of 2.3 persons per
house with 25% between the ages df¥and 14%, age 65 and older. In 2001 the
average house value in South Wellington was $174,138 with 1,905 owned houses and
370 rented houséStatistics Canada 2001n Cinnabar, the average house value
($109,054) and the number of owned houses (1,640) were slightly lower than South
Wellington while the number of rented houses (500) was hi@tatistics Canada 20Q1)
Furthermore, the average income level for dwellers in South Wellington was $26,605
compared to $21,684 in Cinnak{&tatistics Canada 2001)

This study employed a survey design with mainly descriptive and comparative

elements. There are several advantages to conducting interview questionnaires and for



this survey, conduitg faceto-face interviews was the most appropriate method of
collecting data. Faet-face interviews are more personal than other interview methods,
including telephone or mail surveys, as respondents may also be more willing to
communicate longer witsomeone when being interviewed faodace than to an

interviewer on the phone. Fateface interviews also allow the interviewer the use of

visual aids and to permit the researcher to witness reactions of the respondent. Telephone
surveys are limited ta window of time when calling is appropriate and it may be

difficult to build trust with a respondent over the teleph@@idman 1994) It is also

difficult to motivate respondents through mailt questionnaires and they may feel less
obliged to complete the survéRillman 1994)

In this study, the interview questionnaire was the most appropriate method for
gathering data and was used as one of the main instruroetissfstudy. Once the
guestionnaire was designed, it was approved by the Human Subjects Ethical Review
Board at the University of Victoria (see Appendix 2.1). Following approval,-tepte
amongst friends and emorkers was conducted, and an advander&as maileebut to
notify participants that this research project was about to begin. A copy of the
guestionnaire is provided in Appendix Il.

Biases may occur and can interfere at any stage and in all types of research. A
well-designed questionnaire maites the respondent to provide complete and accurate
answers while minimizing errors, biases and leading quegibiiman 1994) This
guestionnaire was designed to avoid all biases while minimizing the probability of
response error: care was taken to ensure optimum wording and sequence of the questions

in order to stimulateand maintan t he respondentés interest



minimizing vagueness. Difficult and unbalanced response questions (with an equal
number of positive and negative response choices) were avoided. Since there was no
selection bias, neresponse was extremetyw.

All biases were assessed before conducting the interviews to try to ensure a
maximum response rate and that respondents answered all questions truthfully and to the
best of their abilities. Respondents were introduced to the project through a non
sugeestive advance madut letter. This did not inform the expected respondents of the
exact hypothesis being tested, as this would have openly invited error. Preconceived ideas
about anticipated survey results were avoided in both the advance letter and the
guestionnaire. Neither the letter nor questionnaire suggested that environmental factors
might have decreased the water quality in South Wellington. Respondents were simply
told that the study was examining various types of drinking water in the Nanao ar
and local variations in health. Execution of the survey questionnaire was performed in a
non-subjective tone and the interviews were short and simple. The typical interview took
approximately fifteen minutes and responses were systematically orgamited a
negative answer to one question could enable respondents to skip associated queries.

The Triangle of Human Ecol ogy was desig
behavior form the vertices of a (Meadangl e t
2000) This model served as a conceptual framework for this study. As a result, the
survey questionnaire was designed in three sections; population, edraVitoabitat.

The first section was concerned with fAhuma
population characteristics such as; age and gender. The second section explored habitat,

or the physical, social and built environment, such as residentiafyhénd the current



geographical area of residence. Behavior and lifestyle was examined in terms of social,
cultural and economic variables in the last section. This survey questionnaire also follows
similar models of health which have been establishdchaoepted by medical

geographers, such as; the Health Field Concept (Lalonde) where health is said to be
influenced by human biology, the environment,-Btgle and the health care system.
However, for the purpose of this study, the Triangle of HumatoBgavas the most
appropriate model.

To obtain an accurate sample size every member of all households surveyed were
addressed in this questionnaire. However, to maximize the response rate and to obtain the
most adequate results, the questionnaire had sonii@e and short. Therefore, only one
individual per household, the primary respondent, was interviewed. The primary
respondent answered all of the questions in the survey for each member of the household
to the best of their ability.

Since the primaryaspondent was responsible for answering all questions for
every individual, the probability for error and bias increased. In most cases error and bias
might have occured as the result of inaccurate information of household members
provided by the primaryesspondent. The questions in the first section related to
population characteristics such as gender and age and it was relatively easy for the
primary respondent to provide accurate answers for the household. It is much easier, for
example, to provide theegder of another household member, than it is to provide
information on their fruit or vegetable consumption, or amount of weekly exercise. To
minimize error, therefore, the second section of the survey only targeted the diseased

population. Answers for #se questions were only requested from the primary



respondent and for household members with a history of diseases or disorders. To
illustrate: if a household had three individuals, person one (the primary respondent),
person two, and person three; andsparone had no history of disease, person two has
had cancer and person three has had no history of disease; the primary respondent would
then only be asked questions on themselves and person two.

The first question of the survey was designed to allocpggson identification
number and household number to each individual, while determining their gender and
age. It was crucial to determine the age o
dimensions of health status, it needs to be accounted fotualgrevery study of
di sease (Meade 2000p g@e®dnder al so plays a signific
health. Women, for example are biologically vulrieao ailments associated with
reproduction such as urinary tract infections, and infer{iKigblinsky 1993) Gender is
also assciated with habitat and behavior. The most obvious habitat difference between
males and females are social in nature. Social organization and differing social roles
between men and women constitute behavioral differences. In other words, males and
femalesare exposed to different risk factors by their behavior, which in turn affects
health. Furthermore, sex hormones which differ in males and females, for example, play
an important role in the biological metabolism of cholesterol andN&ade 200Q)At
the chromosomal level, gender and genetics are often linked. Hemophilia and color
blindness, for example, occur primarily in ma{bkeade 2000Q)

Questions two through five in this survey, probed the health of each of the
participants, with an emphasis on specific diseases and disorders that were related to the

levels of pecific organic and inorganic compounds in drinking water. To illustrate,



guestions two through four determined if anyone in the household formerly suffered

from, or currently suffers from; bowel disorders, liver diseases or disorders or cancers
and/or tunors. All other known acute or chronic illnesses were recorded in question five.
Following the international classification of disease, answers for thisemsd

guestion were categorized into specific classifications including; diseases of the blood,
organ failure, high blood pressure, diseases of the nervous system and mental
diseases/disorders. The primary respondent was then asked to indicate their perception of
their own health.

The second section of the questionnaire addressed social habitat anidia¢h
characteristics. As mentioned previously, this portion of the survey addressed only the
primary respondent and any of those household members who have been, or who are
currently affected with an ailment. These questions focused on social andobahavi
factors known to influence health. Questions relating to social habitat examined
homeownership, residential history, well water consumption, monthly household income
and occupational history. Behavioral questions relating to exercise, diet, smo#ing an
alcohol intake were asked in the final section of this questionnaire.

It was important to establish the residential history and other social habitat factors
for each individual. Homeownership was a nominal variable categorized into two
variables: rentrad own. The length of residency and residential history for the past 30
years was recorded for each household member. For each individual, every area of
residence was recorded, along with the time spent at that location. This determined
whether the houseltbmembers were new residents (less than 5 years);tehart

(greater than 5 years) or lotgrm (greater than 10 years) residents of either Cinnabar or



South Wellington. The source of the domestic water supply was also determined by this
guestion and rg®ndents were asked how much of their daily water consumption was
derived from a private well. To control for as many variables as possible, income and
occupational history were also recorded. In order to limit objections to providing
responses, income wessided into several broad response categories.

Income is a significant risk factor in health status. Several diseases and disorders
appear |linked to |l evels of income, for exa
syndrome are especiallyreletan t o c ar di o \(Meade 200Qtrwasd i seas eo
important, therefore, to determine the income levels for individuals in this study as social
class plays an ingotant role in health status. As an example, social class and obesity are
inversely related, particularly for females. Brown and Konner (1998) showed that middle
and upper class girls are heavier than poorer girls during childhood, however this
associatiomeverses after puberty, when lower class women become heavier than middle
and upper class wom¢Brown 1998)

Behavioral risk factors were addressed in the last portion of the survey
guestionnaire, taking into account as many variables as possible. For example, some of
the behaviorarisk factors for cardiovascular disease include: cigarette smoking, alcohol
consumption, diet, exercise, type of occupation, psychosocial insults andgeads
2000) Weekly exercise and activities or types of exercise were recorded. Exercise types
were categorized as ligittensity, highintensity and vigoroustensity, classifications
used by the Center for Disease Control in Atlg@enter for Disease Control 2005)
Tobacco use was also recorded in terms of years spent smoking and the number of

cigarettes smoked on average gay. Cigarette smoking has been linked to some fifty



ailments including cancer and heart disease. There are, for example, several compounds
found in cigarettes, such as cadmium, that raise blood pressure and increase the risk of
heart diseas@Meade 200Q)Alcohol consumption was recorded in the same style as
tobacco use and there is a wiatlown relationship between alcohol consumption and ill
health(Sherlock 1995)If not moderated, the consumption of alcohol may trigger such
ailments as cirrhosis of the liver or liver failure, hehsease, kidney failure or disorders

of the endocrine system such as diab&éerlock 1995; Epstein 199 Respondents

were willing to answer almost all questions addressed in this survey without hesitation.
However, some respondents were apprehensive about providing information on their
currert employment status and many respondents refused to provide an answer to the
guestion addressing household monthly income.

Lifestyle and behavioral characteristics were examined further with the inquiry
about nutrition. This is closely related to healticsi nutritional deficiencies constitute
diseases and malnourishment increases the susceptibility to disease. These questions were
important in limiting confounding biases as, for example, nutrition is strongly related to
several endocrine diseases. Thestonption of fruit and/or vegetable juice, fruit and
vegetables were the final three questions in this survey. Both exercise and malnutrition
are related to health issues such as obesity, anorexia nervosa and other eating disorders.

Data Analysis

Once daa were obtained by way of the questionnaire, it was entered into a
database and then statistical analyses were performed to answer the underlying research
guestions addressed in this thesis including; (1) how does health differ between the

communities of 8uth Wellington and Cinnabar? (2) if disease is more common in either






