


The municipality of Shannon subsequently began testing
residential wells for TCE. By June 2001, 35 wells were
found to contain TCE at levels over 50 µg/L,127 with one
measuring 955 µg/L.128 The contamination detected
to date has affected 400 residences and two schools.129

Three sources of the contamination have been identified
on the nearby Valcartier military base: one on Defence
Research and Development Canada property, and
two on SNC TEC land. Maximum concentrations in
groundwater near the source ranged from 800 to
71,000 µg/L.130 Along the boundary with Shannon,
maximum concentrations of 260 to 340 µg/L were
found. The contamination has moved across Shannon
and reached the Jacques-Cartier River. The toxic plume
is 4 km long and 650 m wide and is estimated to
contain more than 1500 kg of dissolved TCE. While
contamination likely began in the 1950s, the specific
contamination of residential wells in Shannon is esti-
mated to have occurred between 1988 and 1997.

In 2004, the municipality reached a 19 million dollar
settlement with the federal government (Department of
National Defence) to cover the costs of connecting
70 percent of the residents to a new water supply sys-
tem. The municipality is currently connected to the
Valcartier military base’s water distribution system and
will soon be connected to its own new groundwater
source. The Department of National Defence (DND)
has recently completed tests on remediation technology
to clean up the contamination in the groundwater.

Residents now await a response to their second request
for an epidemiological study of the population following
the contamination. Current and former residents of
Shannon have also filed a class action against the federal
government (Department of National Defence) and
a subsidiary of SNC TEC for damages connected to
TCE contamination of the groundwater. 1,400 people
are party to the action, and 600 others may join prior
to trial. The group is asking for damages and funds
to decontaminate the soil. The trial is set to begin in
October 2009.

Evidence suggests that DND and SNC TEC have been
aware of the contamination since 1997. A report com-
missioned in 1999 stressed the vulnerability of the
aquifer and suggested informing nearby property own-
ers. This information was never shared with the munici-
pality of Shannon.

The case study of Shannon highlights drinking water
concerns that may arise in communities that rely on
groundwater wells in areas located in proximity to con-
taminated land, and in particular contaminated land on
federal properties. Concerns about the environmental
and health risks associated with such sites were raised
in a 2002 report by the Commissioner of the Environ-
ment and Sustainable Development. The report found
a number of shortcomings with the federal government’s
handling of federal contaminated sites, such as its
understanding of the extent and number of contami-
nated sites; its knowledge of the risks and costs associ-
ated with these sites; and the lack of a legislative
framework to govern the cleanup of federal contami-
nated sites.131 Since the time of the report, progress in
addressing some gaps has been made through the cre-
ation of the Federal Contaminated Sites Action Plan
(FCSAP) in 2005, with the aim of reducing the health,
environmental, and financial risks posed by these
sites. The creation of a national inventory of federal
contaminated sites has also sought to address the infor-
mation gaps noted by the Commissioner.

However, given the events in Shannon, coupled with the
concerns raised by the Commissioner, it is questionable
whether the status of ground and surface water on
federal contaminated lands is known, which suggests
that the drinking water of certain communities may be
at risk for contamination.

Recommendations
1. The federal government should establish a drinking

water policy related to contaminated sites on federal
lands that includes a community’s right to know state-
ment and directs the federal government to engage the
applicable provincial legislation to ensure that the
drinking water source is monitored for contamina-
tion, and remediation if needed.

2. Further epidemiological studies on the health effects
of TCE, particularly non-cancer endpoints and the
potential for differential susceptibility to its potential
toxic effects in subpopulations or life stages, should
be undertaken.132
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Canadian Drinking Water Guideline for Nitrate

The maximum acceptable concentration (MAC) for

nitrate in drinking water is 45 mg/L (equivalent to

10 mg/L nitrate-nitrogen).

CONTAMINANT OF CONCERN: Nitrate
Nitrate concentrations have steadily increased in our
water supplies and nitrate is the most common chemical
contaminant in the world’s groundwater aquifers.133

The widespread use of nitrogenous fertilizers and animal
manure in modern agricultural production is the largest
contributor to groundwater nitrate contamination.
Septic systems and leaking sewers are also major con-
tributors of nitrates to groundwater. Airborne nitrogen
compounds are emitted by industry and automobiles.
Human exposure to nitrate can occur from a number of
sources, including food, air, tobacco smoke, and drink-
ing water.

Canadian drinking water guideline
The Guidelines for Canadian Drinking Water Quality
maximum acceptable concentration (MAC) for nitrate
is 45 mg/L (equivalent to 10 mg/L nitrate-nitrogen).
This level is set to protect against methemoglobinemia,
or “blue baby syndrome,” a well documented threat
of nitrate contamination. The guideline for nitrates in
drinking water is currently under review as part of the
cycle to update existing guidelines.134

Nitrate contamination is a concern in Canadian drink-
ing water, particularly for rural households relying on
private water supplies that draw water from groundwa-
ter wells. It is also an issue for municipal wells located in
sand and gravel plains, and agricultural areas. Accord-
ing to US data, nitrate levels usually fall within drinking
water standards in public wells whereas nitrate levels in
drinking water in private wells do not. Comparable evi-
dence has been gathered from Europe.135 The little data
that is available in Canada suggests a similar, trouble-
some picture. It has been estimated that between 20 to
40 percent of all rural wells have nitrate concentrations
in excess of drinking water guidelines, with up to 60
percent of wells in regions with an intensive agricultural
sector or animal farming operations containing nitrate
levels above the guidelines.136

Drinking water from private wells
Over four million Canadians rely on private water sup-
plies, mostly groundwater wells.137 Unlike drinking
water from municipal sources, drinking water derived
from private wells is generally left unregulated in

Canada. Legislation on well construction and mainte-
nance exists in numerous provinces, but the operation of
wells is considered the legal responsibility of the prop-
erty owner. As such, drinking water from private wells is
not protected by drinking water legislation. This means
that water quality testing and monitoring, while widely
recommended, is not mandatory and it is up to owners
to undertake these activities themselves.

Evidence suggests that testing and treatment of private
water supplies is an infrequent practice.138 A small
postal survey of residents with private wells in Hamil-
ton, Ontario showed that regular testing is uncommon.
If conducted, testing tended to be only for a small num-
ber of parameters. Further, many households (21 per-
cent) had never tested their water.139 In an Alberta
farmstead survey, 59 percent of participants had not
tested their water in the last 5 years or had not tested
their water at all, and only 40 percent indicated that
they used some type of water treatment system.140

As one expert from Agriculture and Agri-Food Canada
has noted, “the reality is that most rural water users
do not know whether their drinking water sources are
safe or suitable for any given use.”141

Bacterial and coliform contamination is a common
occurrence in well-water. It has been estimated that
45 percent of all waterborne outbreaks in Canada
involve non-municipal systems, largely in rural or remote
areas.142 A range of chemical contaminants, in addition
to nitrates, can also be found in groundwater wells.
These include: atrazine, arsenic,143 copper, lead, mercury,
radium, and volatile organic compounds.144 Well-water
quality is thus an important public health issue.

Health effects of nitrate
Methemoglobinemia, or “blue baby syndrome,” has
been recognized as a potential health threat caused by
drinking water nitrate contamination for over 50 years.
The nitrate/nitrite combines with the hemoglobin in the
infant’s blood and hinders the transfer of oxygen, pre-
venting oxygen from getting to the body. Formula-fed
infants under six months are particularly susceptible to
this potentially life threatening condition if it is not rec-
ognized and treated appropriately.145 Nitrate drinking
water standards in Canada, as well as in the US, the EU
and the WHO have been set to protect against this con-
dition. According to an Environment Canada website,
there was one suspected case of this syndrome reported
in the mid-70s in the Lower Fraser Valley.146

More recent cases have been reported in the US.147
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Discussion among some scientists has recently focussed
on whether the current guideline is overly protective
since no cases of methemoglobinemia below the guide-
line value have been reported. It also seems that the
simultaneous presence of microbacterial contamination
causing infection, a common occurrence in private wells,
is also a risk factor for methemoglobinemia.148 Epidemi-
ological studies examining the issue have thus far pro-
duced mixed results.149

In addition to the acute outcome of methemoglobine-
mia, recent studies have linked continuous nitrate expo-
sures to chronic health outcomes, including certain types
of cancer, although results have been mixed overall.150

Nitrate is a precursor in the formation of N-nitroso
compounds (NOC), a class of genotoxic compounds,
most of which are animal carcinogens and are therefore
probably carcinogenic in humans.151 At high levels,
associations with the incidence of type 1 diabetes,
increased blood pressure, and acute respiratory tract
infections in children have been found.152

Reproductive and developmental effects
As in the case of other contaminants, the body of evi-
dence on reproductive health outcomes is small, and in
many cases, studies have produced mixed results.
This may be because no link exists, or because of the
differing periods over which exposure was assessed,
differing levels of water nitrate across studies, or differ-
ences in exposure to other co-factors.153

A review of the epidemiological evidence by Wigle and
colleagues on the adverse health effects associated with
nitrate exposures, focussing particularly on childhood
and reproductive outcomes, concluded that limited evi-
dence links low-level nitrate exposure with fetal growth
deficit and neural tube defects in infants.154 Another
extensive review on nitrates and reproductive health
outcomes came to similar conclusions.155 Many health
outcomes were supported by inadequate evidence,
a result which largely speaks to the dearth of research
in this area. Table 3 summarizes the findings of the
meta-analysis by Wigle and colleagues.
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Table 3: Adverse health effects associated with nitrate exposure

Adverse health outcome by strength of evidence156

Sufficient Limited Inadequate

Adverse pregnancy outcomes
• Fetal growth deficit (maternal exposure

in drinking water nitrate)

Birth defects
• Neural tube defects

Adverse pregnancy outcomes
• Still births (maternal exposure in drinking

water)

• Pre term birth (maternal exposure in

drinking water) (one study cited, further

investigation needed)

Birth defects
• Cardiac birth defects (two studies quoted

with different results)

• Musculoskeletal birth defects (only one

study available which showed association)

Cancers
• Leukemia (prenatal or childhood exposure)

• Childhood brain cancer (maternal exposure)

Adult cancers
• Testicular cancer (childhood exposure)

Adapted from Wigle et al (2008)



COMMUNITY OF CONCERN: Abbotsford, British Columbia
Abbotsford, British Columbia, located in the Fraser
Valley, is the fifth largest city in the province and one of
the most ethnically diverse in the country.157 Describing
itself as “a city in the country”158 the area outside the
metropolitan core is largely agricultural, with raspberry
crops, poultry, and livestock playing an important role
to the regional economy. Agricultural production is heav-
ily dependent on the use of chemical and natural fertiliz-
ers, a practice that has resulted in widespread nitrate
contamination of one of the province’s largest aquifers
and drinking water source for thousands of people.

Drinking water from the Abbotsford Aquifer
Most residents of Abbotsford receive their drinking
water from the Norrish Creek, a local surface water
source. However, in times of the year when there is high
turbidity, water is drawn from the Abbotsford
Aquifer.159 The aquifer is also the sole source of drink-
ing water for several thousand residents who pump
groundwater from wells in Abbotsford. A local private
supplier, which provides water to over 9,000 people in
the city’s urban area, also draws water from this
aquifer.160 In sum, it is estimated that the aquifer, which
straddles the Canadian and US border, provides ground-
water to over 100,000 people in the city of Abbotsford
and in parts of Washington State.161

The Abbotsford Aquifer is the largest and most widely
used among the approximately 200 aquifers in the
Valley.162 Because of its largely unconfined nature and
highly permeable sands and gravels, the aquifer is partic-
ularly vulnerable to surface-derived contamination.
This vulnerability and its associated groundwater prob-
lems are acknowledged by the BC Government.163

The state of the Abbotsford Aquifer has received consid-
erable scientific attention. Ongoing groundwater moni-
toring via a network of monitoring wells run by
Environment Canada has been underway since the early
1970s. Studies of well data document the extent and
increase in nitrate contamination in the groundwater
over time.

• A 1992 survey showed 60 percent of wells to have
nitrate levels exceeding 45 mg/L. The maximum con-
centration found was 182 mg/L.164

• A separate 1995 study estimated that up to 80 percent
of the aquifer was impacted by elevated nitrate con-
centrations.165

• A 1998 study observed elevated nitrate concentrations
over a wide portion of the aquifer.166

Overall, according to Environment Canada, “since
1992, the average concentrations of nitrate observed at
the sites have frequently exceeded the 10 mg/L Guide-
line for Canadian Drinking Water Quality. Of 2,757
groundwater samples collected from monitoring wells,
71 percent of the study area samples have exceeded the
10 mg/L nitrate as nitrogen Guideline with individual
values ranging from a low of 0.03 mg/L to a high of
91.9 mg/L.”167

Water samples collected from private residential wells
have also shown elevated nitrate levels. In the 1995
study, 54 percent of wells (of a total of 117) sampled
had nitrate concentrations exceeding the MAC.168

The study found that all domestic wells had nitrate
present with many exceeding the limit by a factor of
two to three. The highest nitrate concentration in a
domestic well was 151 mg/L, over 3 times the drinking
water guideline.

More recently, a comparison of nitrate concentrations in
1993 and 2004 found that nitrate concentrations for
both years exceeded drinking water guidelines by more
than 15 percent and contamination seemed to be wors-
ening, despite changes made to agricultural practices
during the time period.169 It is generally expected that
widespread nitrate contamination of the Abbotsford
aquifer will continue, unless agricultural land manage-
ment practices are dramatically changed.

Nitrate contamination of groundwater across Canada
Nitrate contamination is not unique to the Abbotsford
Aquifer; it is a common feature in groundwater wells
across the country:

• In Nova Scotia, 15 to 25 percent of private drinking
water wells exceed the nitrate in drinking water guide-
line in any given year since 1989. Testing in 2007
indicated that 22 percent of wells exceeded the nitrate
drinking water guideline. Overall, nitrate levels in
drinking water wells have remained relatively consis-
tent over time.170

• In Prince Edward Island, a well-water monitoring pro-
gram found six percent of private wells to have nitrate
levels about the guideline and another 11 percent at
the high end of the guideline.171

• A two year study in Saskatchewan found that the
drinking water guideline for nitrates was exceeded in
14 percent of wells. 35 percent of wells sampled
exceeded one or more health related MAC parameters
established in the current Guidelines.172
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• In Alberta, a three year study found that 32 percent of
farmstead groundwater wells exceeded the guidelines
for at least one MAC or interim MAC.173

• A survey of domestic farm wells in Ontario found that
15 percent exceeded the MAC for nitrate.174

The case of the Abbotsford Aquifer, as well as other
instances of nitrate contamination in well-water, point
to a weakness in the current structure of water gover-
nance in Canada, particularly when the evidence of
potential health harms of nitrate exposure is coupled
with evidence of irregular well-water testing and moni-
toring by private well owners.

At a minimum, the case points to the need for improved
educational efforts aimed at increasing the frequency of
well-water testing, providing information and guidance
on home treatment devices, as well as improving local
knowledge about the potential harmful health effects of
nitrate, and other contaminants.175 A request for more
information on private water supplies was clearly voiced
by private well owners in the Hamilton study noted
above.176 Additional steps to improve testing practices
might also be needed. This could include enhancing the
convenience of testing, increasing the availability of
tests, and making them more affordable.177

More broadly, using opportunities to implement testing
requirements for private well owners might be appropri-
ate given the possible health risks posed by contami-
nants such as nitrates. For example, many property
ownership transfers now involve drinking water testing
and lending institutions are more frequently placing
water quality conditions on financing.178 In some juris-
dictions in the US, testing of private wells is regulated.179

Finally, there is an urgent need for further research and
understanding about groundwater in Canada,180 the
extent of groundwater contamination, its impact on
drinking water, and the possible health effects associated
with chronic low-dose exposures to contaminants found
in drinking water from private wells.

Recommendations

Private wells
1. Improved monitoring and surveillance of drinking

water quality in private wells is required, especially
in areas known to have specific problems, such as
nitrate or arsenic contamination.

2. The provinces should consider establishing minimum
chemical testing requirements for private well owners.

3. Improved public health education for private well
owners is needed to ensure that owners are supported
by the relevant public authorities in taking the steps
needed to assess and reduce the risks associated with
contaminants found in tap water, for example the risk
posed by nitrates. Such guidance/education should
include advice geared to pregnant women and parents
of infants.181 This educational effort could include
promoting sampling efforts to determine the magni-
tude of nitrate concentrations, explaining the risks
associated with nitrate consumption, and providing
information about choices for home treatment sys-
tems that are likely to be effective in removing nitrate.
Implementing an awareness program is critical
in rural areas where adverse health effects may not
always be evident to local populations.182

4. The provinces should consider enacting legislation
that would require the testing of drinking water wells
upon the transfer of property, with the results to
be disclosed to the parties and reported to the local
public health authority.

Canadian Drinking Water Guideline for Tritium

The maximum acceptable concentration (MAC)

for tritium in drinking water is 7,000 Becquerels/Litre

(Bq/L).

CONTAMINANT OF CONCERN: Tritium
Tritium is a naturally occurring radioactive isotope of
hydrogen with a half life of 12.3 years. It decays to the
stable isotope helium (3He), emitting a beta particle.
The beta particle has a short range, which means that
tritium is not dangerous externally, but it is an internal
radiation hazard when inhaled, or ingested via food or
water, or absorbed through the skin.

The main human generated source of tritium is the
nuclear power industry where it is emitted as a waste
product from nuclear reactors. Tritium may be released
as steam or may leak into the soil and groundwater.
In the environment, tritium is primarily present as triti-
ated water. It is also present as organically bound tri-
tium (OBT). As tritiated water, it is environmentally
ubiquitous and very mobile. Canadian made CANDU
reactors represent the largest point sources of tritium in
Canada. Tritium is also used in the manufacturing of
self-powered lights and neon signs, as will be discussed
in the case study that follows.
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Canadian drinking water guideline
The Guidelines for Canadian Drinking Water Quality set
the maximum acceptable concentration (MAC) for tri-
tium at 7,000 Becquerels/Litre (Bq/L), where 1 Bq/L is
the emission of 1 electron per liter of water per second.
Guidelines for radiological parameters are based on an
estimate of the dose rather than the risk of disease. Thus,
the drinking water guideline is based on a committed
effective dose of tritium estimated at 0.1 mSv from one
year’s consumption of drinking water.183 This dose repre-
sents less than five percent of the average annual dose
attributable to natural background radiation.184

In 2006, Health Canada completed a review of radionu-
clides in drinking water and the 7,000 Bq/L guideline
was upheld in the draft document available for public
consultation.185 The Canadian guideline is substantially
less stringent than the US standard (740 Bq/L) and the
EU standard (100 Bq/L as a screening value), although
lower than the WHO recommendation (10,000 Bq/L).186

As in the case of other contaminants discussed in this
report (arsenic, lead, and TCE) the guideline for tritium
has trended downwards over the years. Since the

1970s, the guideline has been lowered from 40,000 Bq/L
to 7,000 Bq/L.187 The more rigorous limits were
adopted as knowledge improved about the risks from
radiation exposure.

Alberta, Manitoba, Ontario, and Québec have adopted
the tritium guideline from the Guidelines for Canadian
Drinking Water Quality. The other provinces have not
established drinking water guidelines for tritium.

Tritium concentrations in Canadian drinking water typi-
cally fall well below the 7,000 Bq/L guideline. In back-
ground locations, tritium concentrations in drinking
water usually range between 1 and 20 Bq/L.188 Levels in
drinking water near nuclear sites are higher than back-
ground levels, although still well below the guideline.
(See Box 1 and 2).189 However, tritium levels in the Great
Lakes appear to be gradually rising.190 Also, the figures
included in the boxes below do not include data from
monitoring wells owned by SRB Technologies Inc, dis-
cussed further below. Elevated tritium levels in both
source waters and drinking water have also occurred
following tritium leaks at various nuclear sites.191
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Box 1. Drinking Water Tritium Concentration
in Background Locations

Water Source Source Tritium Level (Bq/L)

Belleville Bruce Power1 4.2-4.2

Burlington Bruce Power1 3.3-6.0

Coburg Bruce Power1 4.8-5.3

Drummondville Hydro-Québec (Gentilly)3 <18

Kingston Bruce Power1 3.6-4.6

Kingston Ontario Power Generation5 3.6

London Bruce Power1 2.5-3.7

Niagara Falls Bruce Power1 2.7-4.1

North Bay Bruce Power1 <3.7

Parry Sound Bruce Power1 <3.7

Sarnia Bruce Power1 4.0

Sudbury Bruce Power1 2.9-5.8

Thunder Bay Bruce Power1 <3.7

Windsor Bruce Power1 4.6-5.2

Box 2: Drinking Water Tritium Concentration
Near Nuclear Sites

Water Source Source Tritium Level (Bq/L)

Kincardine, ON Bruce Power 6.4

Port Elgin, ON Bruce Power 17.4

Local deep wells Bruce Power <5.9-19.1

Local shallow wells Bruce Power 12.3-58.2

Deep River, ON Chalk River Laboratories 3.0

Petawawa, ON Chalk River Laboratories 7.0

Pembroke, ON Chalk River Laboratories 7.0

Trois-Rivières, QC Hydro-Québec (Gentilly) <18

Dipper Harbour, NB NB Power 15.0-24.5

Maces Bay, NB NB Power 14.0-39.0

Oshawa, ON Ontario Power Generation 7.1

Local water wells Ontario Power Generation <1.9-21.6

Ajax, ON Ontario Power Generation 6.1

Toronto Harris, ON Ontario Power Generation 5.1

Local water wells Ontario Power Generation <1.9-114.7

(range)

Adapted from CNSC (2008) (supra note 188)



Calculating risks from tritium exposure
In Canada, as in most countries, the guidelines for
radionuclides in drinking water are based on interna-
tional radiation methodologies and assumptions,
primarily recommendations of the International Com-
mission on Radiological Protection (ICRP), as well as
WHO. Risk calculations made by the ICRP differ
in a number of important ways from the risk assessment
process for chemical exposures and are the subject of
much controversy.

First, exposure to radiation is based on the ALARA
principle (As Low As Reasonably Achievable). The aim
is to minimize known risks while taking into considera-
tion social, economic, health, and technical concerns.192

The principle is based on the premise that there is no
“safe” dose or threshold level below which harm does
not occur (referred to as the linear no threshold hypoth-
esis, or LNT). Under this assumption, the probability
for harmful biological effects increases with increased
radiation dose, even at very low doses. The hypothesis is
subject to much controversy in the scientific community,
for a variety of reasons.193

A second important difference is that risk from radiation
is defined as that from one year’s exposure. Risks for
excess cancers, for example, are calculated by assuming
one year of consumption of drinking water. Then, the
risk for a whole lifetime is calculated as if that year’s
consumption is the only consumption. In contrast, risk
calculations for chemical substances are based on the
assumption that people consume the drinking water for
their whole lifetime – commonly set at a 70 year
exposure. Based on this assumption, at 7,000 Bq/L, the
risk of cancer fatalities from tritium is calculated at
340 excess fatal cancers per million people. In contrast,
the chemical drinking water objectives are almost all set
at levels that provide a risk of 10-6 excess fatal cancers
per million people.

This unique risk calculation is also the subject of criti-
cism. Disagreement with the methodology was formally
expressed in Canada when in 1994, following its review
of tritium in drinking water, the former Ontario
Advisory Committee on Environmental Standards
(ACES) recommended a tritium standard in drinking
water of 100 Bq/L, to be further reduced to 20 Bq/L
after 5 years.194 The recommendation was based on
assessing tritium exposure in the same way that chemi-
cal exposures are assessed, i.e., based on assuming
a lifetime (70 years) of exposure rather than assuming
a single exposure, once in a lifetime. While the ACES
recommendation was not accepted by the provincial

government at the time, it still figures prominently in
ongoing debates, as seen in public submissions made
to the review of tritium in drinking water underway in
the province.195

In the US, California and Colorado have passed tritium
drinking water standards of 15 Bq/L and 18.5 Bq/L
respectively, based on a one in a million lifetime risk of
a fatal cancer.196

Other calculations built into tritium risk calculations are
also contested from both within and outside the scien-
tific community. Indeed, in recent years, a number of
scientists and government-convened expert panels have
raised questions about current risk estimates for tritium
and the risk assumptions upon which drinking water
guidelines for tritium are based.197

• There is a wide debate among scientists about whether
the weighing factor used to define the biological dam-
age of tritium (referred to as the “relative biological
effectiveness – RBE” should be increased from the cur-
rent level of one to at least two or higher.198 Indeed,
this was a recommendation made recently by a UK
Advisory Board on Ionizing Radiation.199 A change
in the weighing factor could alter dose estimates and
thus drinking water guidelines.200

• Tritium dosage models have been questioned.201

In particular, since dosage estimates are based on a
gendered “average” person, questions remain about
whether this average person provides sufficient
gender sensitivity.202 A change in the dosage estimate
could result in greater health risks for women and
others, including children and infants, than are cur-
rently assumed.

• The drinking water guidelines for radionuclides are
based on the average annual consumption of 2 litres
of water/day for adults.203 No provisions are made for
water consumption by infants and small children.
Indeed, in calculating exposure risks, no account has
been taken of critical windows of exposure and the
particular sensitivities and vulnerabilities of fetuses,
babies, and women of childbearing age.204

• Dose limits are set by consideration of fatal cancers
only. Non-fatal cancers, reproductive and
development harms such as infertility, early miscar-
riages, birth anomalies, or other illnesses that
may result from exposure to tritium are not included.
If these other health effects were included in the
assessment, levels might have to be set much lower. 205
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The uncertainties raise questions about whether current
drinking water guidelines provide sufficient protection
for human health, particularly for known sensitive sub-
groups, and whether the health risks associated with
exposure are adequately accounted for. Changes to these
core assumptions could significantly alter current
drinking water guidelines for tritium as well as the cur-
rent estimates of health effects from tritium exposure.

Thus, while levels of tritium in Canadian drinking water
sources are generally below the guideline, the limits
themselves are open to question. Taken together, the
concerns echo many of the inherent shortcomings of the
conventional health risk assessment approach. It follows
a single contaminant approach, is based on debatable
assumptions, and falls short in protecting the most vul-
nerable groups in society.

Health effects
Exposure to radiation is regulated primarily for its
potential to cause cancer. IARC classifies internalized
radionulicdes that emit B-particles, like tritium, as
carcinogenic to humans (Group 1).206 As with other
carcinogens, the IARC assumes that no threshold of
exposure to tritium exists below which adverse health
effects do not occur.

A challenge to calculating cancer risk is that most
research on the associations between radiation exposure
and the development of cancer are based on populations
exposed to relatively high levels of ionizing radiation,
such as Japanese atomic bomb survivors, and recipients
of selected diagnostic or therapeutic medical procedures.
Extrapolations from these populations are made to esti-
mate risks at lower levels.

As noted above, a drinking water guideline of 7,000 Bq/L
is estimated to result in approximately 340 excess fatal
cancers per million people exposed. Non-fatal cancers or
potential hereditary effects that may result from tritium
exposure are not included in these estimates.

Recent studies suggest that high doses are also connected
to other health effects such as heart disease and
stroke.207 Damage can also be caused to DNA within the
cells of the body. However, at present, the evidence sug-
gests that only a small number of these changes would
result in cancer or other health effects.208 The data for
non-fatal cancer effects and other illnesses, particularly
at low levels, is limited and less well understood.209

A number of epidemiological studies carried out in the
1980s and early 1990s sought to analyse the effect of
tritium exposure in communities near Canadian nuclear
facilities on various outcomes including leukemia and

birth anomalies. Overall, these studies produced mixed
results. Associations, if found, were generally regarded
as not significant. Recent analyses of these data have
come to similar conclusions. Poor study designs, differ-
ent exposure sources used in the studies, and small
sample sizes largely account for the inability to draw
cross study parallels and to draw firm conclusions from
the epidemiological data.210

Gender and tritium
The risks of developing cancer are highly dependent on
age, sex, and gender, with women, infants, and children
considered the most sensitive populations to tritium risk.
Cancer risk estimates from radiation exposure are signif-
icantly higher for women and girls in comparison to
men and boys, and the risks are greater in children in
comparison to adults.211

The breast tissue of young women is one of the tissues
most sensitive to radiation effects, and high dose expo-
sures have been linked with breast cancer in women.
It takes a minimum of 5 to 10 years for breast cancer to
develop following exposure, and even longer if exposure
has occurred in a young child. Thus, a woman’s age at
the time of exposure plays an important role in her risk
of breast cancer development.212

Reproductive and developmental effects
There is a lack of research and data on the reproductive
and developmental effects of tritium. Animal studies
have shown that both tritiated water and organically
bound tritium can cross the placenta, and concerns
have been raised about the effects of tritium on develop-
ing ova.213

COMMUNITY OF CONCERN: Pembroke, Ontario
Pembroke, Ontario is part of Renfrew County, situated
about 160 km northwest of Ottawa. A community of
approximately 23,000,214 the town lies in close proxim-
ity to Chalk River Laboratories, the Atomic Energy of
Canada Limited (AECL) owned and operated nuclear
research facility. Pembroke is also home to SRB Tech-
nologies (Canada) Inc, a small company located in a
mini industrial mall, but a significant contributor to tri-
tium emissions in the area.

SRB Technologies (SRB) has been producing tritium in
Pembroke since 1990 under its Class 1B Nuclear Facility
license issued by the Canadian Nuclear Safety Commis-
sion (CNSC). The CNSC is a quasi-judicial body that
regulates the use of all nuclear energy and materials in
Canada under the Nuclear Safety and Control Act.
SRB’s primary activity is the production of self-luminous
lighting devices filled with tritium gas, which are used
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for a range of commercial and military purposes, most
notably as exit signs in buildings and hand held lighting
devices used by NATO forces.215 The company also
reclaims tritium from old tritium tubes. During both of
these processes, waste tritium is emitted from release
stacks and dispersed into the local environment.

The release of tritium by SRB has been a source of con-
cern both for local residents and the CNSC who, over
the years, have consistently identified deficiencies in
SRB’s environmental monitoring program and commit-
ment to ensuring human health. Indeed, a review of
CNSC hearing documents reveals a troubling environ-
mental record for the company. In the fall of 2005, dur-
ing SRB’s license renewal application process, the CNSC
identified discrepancies between the actual and estimated
tritium exposures calculated by SRB, raised doubts about
the company’s capacity to accurately measure emissions,
found the company’s environmental monitoring program
to be significantly below requirements, and ordered SRB
to undertake a groundwater study to ascertain the level
and extent of groundwater contamination. Further, the
CNSC imposed operational restrictions on SRB including
the cessation of tritium production during periods of pre-
cipitation, and the requirement that all environmental
monitoring be conducted by an independent third
party.216 The findings prompted SRB to amend its appli-
cation from a five year licence to a one year term, a
request approved by the CNSC.

However, less than a year later, in August 2006, SRB
was ordered “to cease and desist the processing and use
of tritium” as it was found to “have failed to take all
reasonable precautions to protect the environment” and
to have “not taken all reasonable precautions to control
the release of a radioactive nuclear substance into the
environment.”217 The basis for this order was prelimi-
nary results from the groundwater study issued in 2005
(discussed further below). The order was later
rescinded.218 However, during its subsequent license
renewal application, SRB’s environmental monitoring
was found wanting and its license to produce tritium
was revoked. From that point, SRB could only possess
tritium, not produce it. The term of SRB’s license was
also shortened to 18 months from 3 years.219

In June 2008, SRB successfully petitioned the CNSC to
resume its processing of tritium for a two year term
(2008-2010).220 In its re-approval of SRB’s license to
produce tritium, the CNSC was particularly impressed
by SRB’s environmental monitoring initiatives under-
taken in the year since its license had been revoked.
These actions included increasing the number of its
monitoring wells from 27 to 55, of which 10 are resi-

dential wells, increasing the frequency of testing, signifi-
cantly reducing stack emissions, as well as a number of
additional operational changes.

Drinking water data
SRB’s study entitled Study of Tritium in Groundwater in
the Vicinity of the SRB Pembroke Facility (March 2006)
confirmed that groundwater was contaminated with tri-
tium on SRB’s property. Levels found were in the range
of 60,000 Bq/L, over eight times the drinking water
guideline of 7,000 Bq/L.221 The study also showed that
tritium levels in residential wells were lower than that
recorded in monitoring wells and below the drinking
water guideline. Average tritium activity levels varied
with distance and direction, ranging from 3 Bq/L (the
furthest well) to a high of 1,834 Bq/L at the closest well.

A 2008 follow-up groundwater study also found moni-
toring wells closest to SRB recording the highest tritium
concentrations.222 The study found that concentrations
of tritium in groundwater are below the drinking water
criteria in two thirds of the groundwater monitoring
wells. The maximum observed concentration was
approximately 52,000 Bq/L in a well located near the
emission stacks. Concentrations in the range of
1,500 Bq/L were found in the water supply wells closest
to SRB over a year of sampling. The highest tritium
concentration observed in these wells was about
4,100 Bq/L, although the well is not used for drinking
water purposes.

In addition to the two groundwater studies, SRB’s
annual reports provide data collected from their moni-
toring wells. According to these reports the highest con-
centrations recorded were 1,884 Bq/L (2005) and
2,061 Bq/L (2006) in a well near the facility. Public
drinking water supplies around the Pembroke area are
consistently at a level between 5 to 10 Bq/litre.

Tritium monitoring in Pembroke by
the Concerned Citizens of Renfrew County223

The Concerned Citizens of Renfrew County, an active
citizens group formed out of a concern for the environ-
mental and health consequences of the nearby Chalk
River Nuclear Facilities and SRB has undertaken their
own monitoring of tritium concentrations in the local
environment. Their data has revealed the following:

• 1999 rhubarb 2,000 Bq/L

• 2003 garden potato 12,700 Bq/L

• 2005 swimming pool 7,300 Bq/L

• 2005 snow sample 17,000 Bq/L

• 2005 household well 2,800 Bq/L

• 2006 SRBT well 150,000 Bq/L
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When compared to the normal background levels of tri-
tium, as well as to tritium levels found near nuclear
plants, the tritium levels reported by SRB, although gen-
erally below the guideline, appear disproportionate and
very high. Many of SRB’s reported levels are far in
excess of acceptable limits in the US and the EU, where
such levels would trigger further investigations.

While drinking water data usually falls below the drink-
ing water guideline for tritium, the guideline is the sub-
ject of much controversy and debate, as discussed above.
Some of these controversies seem most heated within the
nuclear science community. The shortcomings in radia-
tion methodologies raise questions about whether the
current drinking water standard is appropriate.

On a broader level, the guideline level of 7,000 Bq/L is
often used as an argument to accept tritium exposure up
to that level. However, in light of the evidence that there
is no safe threshold for tritium exposure and that all
exposure carries with it some risks, a truly precaution-
ary public health perspective would ensure that all
steps be taken to reduce and to keep exposures as low
as possible, always.

Given the controversies surrounding tritium risks, there
are thus strong reasons to reassess and lower the current
guideline for tritium in drinking water.

Recommendations
1. The current drinking water guideline for tritium

should be reduced in light of the growing level of
uncertainty of the effects of tritium on human health.
Given that drinking water represents a chronic and
preventable route of exposure, a suitable and health
protective approach would be to calculate risks as
from a lifetime of exposure, rather than just one year,
and as with other carcinogenic contaminants, to
assume a risk of 10-6 excess fatal cancers per million
people. This change would result in a drinking water
guideline for tritium of 20 Bq/L.

2. For communities living in the vicinity of tritium-releas-
ing nuclear power plants and/or other industries, the
frequency of testing for tritium should be increased
and public notification of any exceedances should be
made to the local Medical Officer of Health.

3. Further epidemiological studies on the health effects of
tritium, particularly at low doses in workforces and
members of the general public, should be undertaken.

Increasing Contaminant Loads
and Declining Thresholds?

In this case study, trends in the concentrations of heavy

metals in drinking and surface water are identified

and assessed for three remote Canadian communities.

These are communities for which the concentrations of
metals in treated drinking water generally do not exceed
guidelines, but for which the trends of contaminant
levels over time, combined with population health
trends, may be cause for concern. Presented here is a
preliminary analysis based on limited data. Further
work is needed to fully assess the issues raised in this
case study. The data analysed is in Appendix C.

The three communities are Flin Flon, Manitoba, Fort
Chipewyan, Alberta and Hay River, Northwest Territo-
ries. In these communities, while some drinking and
surface water contaminant concentrations are increasing
over time and others are decreasing, this discussion
focuses on increasing trends. These trends are then com-
pared with trends in the Guidelines for Canadian
Drinking Water Quality.

COMMUNITIES OF CONCERN: Flin Flon, Manitoba
Flin Flon is located on the Manitoba-Saskatchewan bor-
der and has a population of about 5,836, with most resi-
dents living in Manitoba and a few hundred living in
Saskatchewan.224 Nearly 17 percent of the Flin Flon
population identifies with at least one Aboriginal
group.225 The Hudson Bay Mining and Smelting Com-
pany has been operating a number of zinc and copper
mines, a zinc pressure leach facility, and a copper-zinc
smelter226 in Flin Flon since 1930.227

There has been some controversy over potential health
effects in Flin Flon relating to contaminants originating
from the town’s smelter. In June 2008, it was reported
that Manitoba Liberal leader Jon Gerrard acquired
documents indicating that between 1996 and 2005,
Flin Flon had higher incidences of bladder, kidney, and
lung cancer than the rest of Manitoba.228 However, while
some sources229 say that this difference in cancer inci-
dence is statistically significant, others230 state that it is
not. In November 2008, it was reported that a commu-
nity health status assessment conducted by Manitoba
and Saskatchewan public health officials231 indicated
that between 1996 and 2005, there was no elevated can-
cer incidence or death rate in Flin Flon and that the com-
munity’s health status “is generally as good if not better
than provincial averages.”232 A Human Health Risk
Assessment is currently ongoing, the results of which are
expected to be made public in October 2009.233
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The concentrations of a number of heavy metals appear
to be increasing over time in Flin Flon’s municipal drink-
ing water and in at least some of the region’s surface
water bodies. Between 2000 and 2007, concentrations
of cadmium, copper, and lead increased in Flin Flon’s
drinking water (see Table 4).234 Between 1994 and
2004, copper concentrations increased in Flin Flon
Creek, Schist Lake, and Ross Lake, and iron concentra-
tions increased in both Schist Lake and Ross Lake.235

Between 1996 and 2004, concentrations of molybdenum
and zinc increased in Flin Flon Creek.236

Fort Chipewyan, Alberta
Fort Chipewyan, Alberta is an isolated community with
a population of approximately 1,200 that is located
about 600 km northeast of Edmonton, Alberta and just
downstream from Alberta’s oilsands developments.237

The community is located at the western end of Lake
Athabasca near the junction of the Peace River and the
Athabasca River, which is the primary source of the
community’s drinking water supply.238 In 2001, approx-
imately 13 percent of the population living in the
Athabasca River Watershed was aboriginal.239 The
Athabasca Chipewyan First Nations reserve is located
across the lake from the hamlet of Fort Chipewyan, on
the southwestern tip of Lake Athabasca.240

In February 2009, the Alberta Cancer Board released a
report that found that the overall Fort Chipewyan can-
cer rate (51 cancers in 47 people) was higher than
expected (39 cancers) and that there have been an
increased number of cases of blood and lymphatic sys-
tem cancers, biliary tract cancer, and “cancers of
unknown primary” in the years 2001-2006, compared
to the years 1995-2000.241

The concentrations of some metal contaminants may
also be increasing in Fort Chipewyan’s drinking water
and in regional surface waters over time (see Table 4).
When mercury levels in drinking water reported in Tim-
oney’s 2007 report242 are compared with levels reported
in the Regional Municipality of Wood Buffalo’s 2008
drinking water test report, it appears that mercury con-
centrations may have increased in drinking water
between 2007 and 2008. Other data suggest that levels
of arsenic, barium, copper, mercury, selenium, and zinc
measured in 2000 in the Athabasca River Delta and the
Athabasca River upstream from the Embarras River
have risen above the historical (1976-1987) median.243

Hay River, Northwest Territories
Hay River, Northwest Territories has a population of
approximately 3,600, is located on the south shore of
Great Slave Lake, and is situated along the Mackenzie
Highway at the north end of the CN Northern Railway
Line.244 The Hay River Reserve is located across the
river from the town of Hay River and is home to the
K’atlodeechee First Nation, which is primarily com-
prised of South Slavey Dene, with an on-reserve popula-
tion of about 300 as of 2006.245

Between 1965 and 1987, Cominco Ltd mined lead and
zinc at the Pine Point Mine located just 42 km east of
Hay River, extracting more than 64 million tonnes of
ore.246 In 2006, the Tamerlane company, headquartered
in Washington state, gained a 100 percent interest in
Pine Point.247 Pending a successful one million tonne test
mine, the company has plans to mine a further 70 mil-
lion tonnes of lead and zinc and to dispose of the efflu-
ents directly into the local aquifer about 15km from
Great Slave Lake.248

The concentrations of a number of heavy metals appear
to have been increasing in Hay River’s drinking water
and in Great Slave Lake, the drinking water source, over
time (see Table 4).249 Between 2005 and 2008, alu-
minum concentrations also increased in Hay River’s
drinking water.250 Aluminum in drinking water has been
tied to Alzheimer’s, Parkinson’s disease, ALS, anemia,
osteomalacia, cardiac arrest, and glucose intolerance.251

Furthermore, between 1998 and 2002, concentrations
of cadmium, copper, cobalt, and chromium increased in
raw water samples taken from Great Slave Lake.252

As mentioned, although the concentrations of heavy
metals in the drinking water for these communities are
all currently within maximum allowable concentrations
set out in the Guidelines, the trend of increasing concen-
trations of metals in both surface waters and in drinking
water leads to concern when combined with the trends
in the Guidelines over time, and in light of the burden of
poor health present in these communities.
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Table 4: Examples of the increasing concentration of metal contaminants in
Flin Flon, Fort Chipewyan, and Hay River

Potential Trends

Community Medium Contaminant Start Date Concentration (µg/L) End Date Concentration ( g/L)

Flin Flon, Drinking Water Cadmium 2000 0.3 2007 0.85

Manitoba Copper 2000 23 2006 69

Lead 2000 0.8 2007 1.5

Surface Water Copper 1996 30.5 2004 89*/79**

(Flin Flon Creek) Molybdenum 1996 5.90 2004 9.7*/9**

Surface Water Copper 1994 10 (mean) 2004 86

(Schist Lake) Iron 1994 40 (mean) 2004 800

Surface Water Copper 1994 <10 (mean) 1996 185

(Ross Lake) Iron 1994 200 (mean) 1996 712

Nickel 1994 <10 (mean) 1996 23.1

Fort Chipewyan, Drinking Water Mercury 2007 0.00083 2008 <0.1

Alberta Surface Water Arsenic H.M.‡ 0.5 2000 <1.0

(Athabasca River Barium H.M. 56 2000 62
Upstream of

Copper H.M. <1 2000 3
Embarras River)

Mercury H.M. <0.1 2000 <0.2

Selenium H.M. <0.2 2000 <0.8

Zinc H.M. 4 2000 33

Surface Water Arsenic H.M. 0.6 2000 1.0

(Athabasca River Barium H.M. 55 2000 69
Delta)

Copper H.M. <1 2000 5

Mercury H.M. <0.1 2000 <0.2

Selenium H.M. <0.2 2000 <0.8

Zinc H.M. 4 2000 58

Hay River, Drinking Water Aluminum 2005 46.5 2008 66.3

Northwest Raw Water Cadmium 1/20/1998 0.1 9/10/2002 <0.3
Territories (Great Slave Lake) Chromium 1/20/1998 0.5 9/10/2002 <3

Cobalt 8/17/1998 0.5 6/20/2000 1

Copper 8/17/1998 9.3 9/10/2002 24

* Reference Site
** Exposure Areas
‡ Historical Median (1976-1987)



Trends in the Guidelines
Many of the contaminants for which the Guidelines
have recently been changed had no previous guideline
in place. For contaminants that did have previous
guidelines, the overwhelming trend is a decrease, i.e.,
increasingly stringent drinking water quality standards

over time (Table 5). This finding is consistent with
Timoney’s statement that “[a]s a general rule, the guide-
line for a particular water or sediment quality parameter
tends to decrease over time as more information comes
to light.”253
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Significance of the trends
It appears that at the same time as concentrations for a
number of metal contaminants may be increasing in the
drinking water and surface waters in remote Canadian
communities, the concentrations deemed tolerable by
the Guidelines are decreasing over time. Thus, while in
general, the levels of heavy metal contaminants found in
the drinking water in these three communities are cur-
rently within the guidelines, there may still be reason for
concern from a long term, source-water protection
standpoint. If contaminant concentrations in surface
waters continue to increase while the levels acknowl-
edged as health protective for Canadians, particularly
vulnerable populations, continue to decrease, these
trends pose serious governance questions for Canada.
Over time, it may be increasingly difficult for municipal-
ities and other water managers to ensure that concentra-
tions of contaminants in drinking water do not exceed
guidelines. In terms of surface water, increasing contami-
nant concentrations could be particularly problematic

for those living traditional lifestyles. This is especially
the case for isolated communities like Fort Chipewyan,
where high food prices cause many community members
to rely on trapping, gathering, hunting, and fishing for
their food.258 In other words, residents of these commu-
nities cannot rely on continually improving technologies
at drinking water treatment facilities to protect their
health, while industries continue to pollute source
waters with chemical contaminants. Furthermore, we
have to take seriously the disproportionate and com-
pounded burden of poor health that these communities
seem to be experiencing.

Table 5: Potential trends in the Guidelines for Canadian Drinking Water Quality:
Chemical and physical parameters

CHE254 Approval/
Parameter Previous Guideline (mg/L) 2008 Guideline (mg/L) Reaffirmation Date Potential Trend

Arsenic 0.05 255/0.025 0.010 2006 Decreasing

Atrazine and metabolites 0.06 0.005 1993 Decreasing

Cadmium 0.01 0.005 1986 (2005) 256 Decreasing

Lead 0.05 0.01 1992257 Decreasing

Trichloroethylene (TCE) 0.05 0.005 2005 Decreasing

Trihalomethanes (total) 0.35 0.1 2006 Decreasing

Uranium 0.1 0.02 1999 Decreasing



Overall, this report raises questions about the current
regulatory approach to chronic low-level exposures to
chemicals found in Canadian drinking water. It points to
shortcomings in the legislative, policy, and research
arenas where the potential health harms associated with
these exposures must be addressed. A gendered,
precautionary perspective suggests that some Canadians,
particularly women, may be more vulnerable to these
health harms owing to certain key windows of
vulnerability.

The following recommendations seek to provide action-
able steps that governments in Canada, at different lev-
els, can take to address chronic low-level exposure to
chemicals in our drinking water.

GUIDELINES FOR CANADIAN DRINKING WATER QUALITY
(Guidelines)
1. Federal, provincial and municipal governments
should ensure that all Canadians enjoy good quality
drinking water, irrespective of where they live, by adopt-
ing the Guidelines as a legal minimum standard.

2. The Guidelines should be health-based, long-term
objectives that are gender sensitive and protective of the
most vulnerable groups in Canadian society, such as
infants, children, and pregnant women.

3. The MACs set out in the Guidelines should be the
same or stricter than those found in other industrialized
nations.

4. The process for developing the Guidelines should be
flexible and dynamic. It should incorporate regular
reviews to update existing Guidelines in line with emerg-
ing science and to ensure the timely development of new
guidelines for the high number of contaminants for
which no guideline currently exists.

5. A gendered lens that reflects a precautionary
approach to emerging scientific evidence regarding low-
dose exposures to chemicals should be applied when
establishing each Guideline’s MACs.

6. In the longer term, an intergovernmental review
panel should be struck to consider the continuing rele-
vance of MACs based on a “threshold” model for the
regulation of chemicals in drinking water.

Provinces and municipalities
7. Provinces and territories should strive to adopt drink-
ing water guidelines that are the same or stricter than

those provided in the Guidelines for Canadian Drinking
Water Quality. For all of the chemicals listed in the
Guidelines, testing should occur at regular frequencies
and should be considered a legal requirement, where this
is not already the case. In situations where there is rea-
son to suspect a high probability of contamination, test-
ing frequencies should be increased, and if the
contaminant is detected at levels exceeding the MAC, a
corrective action protocol should be implemented imme-
diately and the public should be notified.

8. The frequency of testing should take into considera-
tion seasonal patterns and regional effects that may
impact the water test result.

9. Public health authorities should develop and adopt
programs to assist vulnerable communities in mitigating
the effects of chronic exposures to chemical contami-
nants in their drinking water.

DRINKING WATER IN FIRST NATION COMMUNITIES
In 2006, the federal government announced an action
plan to improve drinking water and wastewater man-
agement in First Nation communities. In 2009, Indian
and Northern Affairs Canada (INAC) began an engage-
ment process with the aim of creating a legislative
framework for drinking water and wastewater manage-
ment in First Nation communities. The process consists
of consultations with First Nations, regional First
Nation organizations, and provincial/territorial officials.

At present, many First Nation communities are unable
to meet all health parameters of the Guidelines and
many have difficulties meeting the few that Health
Canada routinely tests. Specific data on water quality
for many First Nations is severely lacking. Without ade-
quate data, it is difficult to properly assess the range of
drinking water problems present in these communities,
including chemical contamination.259

10. In order to address this gap, the federal government
should couple the current consultative process with
increased infrastructure funding for water treatment in
First Nation communities.

11. The federal government should also provide funds
for training and support for First Nations’ water opera-
tors to enable them to meet the requirements for moni-
toring and testing. Health Canada and INAC should
also make greater effort to undertake regular testing of
drinking water.
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The following recommendations follow from the results of this research. Contaminant-specific recommendations

are included at the end of the respective case study. The importance of further research, a clear need emerging

from all case studies, is included in this section.



12. First Nations people may use water differently than
other Canadians. Many of them consume water in ways
connected to a traditional lifestyle. As a result, the qual-
ity of surface waters is, in some cases, more important
than the quality of tap water. Source water protection is
a critical priority.

Public Health Education And Information
13. A review of public health education initiatives relat-
ing to information on the threats posed by low-level
exposures to chemicals, particularly for women, should
be implemented by the Public Health Agency of Canada
to ensure that steps are being taken to protect the most
vulnerable.

HEALTH RISK ASSESSMENT
14. Human health risk assessment protocols must take
account of critical windows of vulnerability related to
gender and development. Where data is missing or
incomplete, sufficient safety margins must be included in
the assessment. Current risk assessment models should
also recognize the limitations of the current chemical-by-
chemical approach and should strive to account for mix-
ture effects.

15. Improved knowledge about the relevant exposure
scenarios, taking into account the fact that humans are
exposed to chemicals not just from drinking water, but
from multiple sources during a typical day, is essential.
It is widely noted that significant knowledge gaps exist
in this area. Exposure assessment strategies, whether
undertaken by federal, provincial, or municipal authori-
ties, should adopt a more holistic approach and attempt
to base guidelines on a global assessment of daily expo-
sures to each contaminant.

RESEARCH NEEDS

General
16. Research is urgently needed on the threats posed by
low-level exposures to chemicals in drinking water, espe-
cially at certain key developmental stages, as well as on
the synergistic effects of multiple chemicals in the body.

17. Populations that are especially vulnerable to low-
dose contaminant exposures should be identified.
Where vulnerable groups are susceptible to certain con-
taminants, the standards should be made more stringent
and steps should be taken to ensure that all Canadians
are protected.

18. More research should be funded on the pathways
and interaction of drinking water contaminants in
source waters to reflect the current high degree of uncer-
tainty on how contaminants interact with each other in
the environment.

Biomonitoring
19. A longitudinal environmental exposure assessment
(or “biomonitoring” study) should be carried out for
pregnant women, beginning before conception and con-
tinuing into the child’s adulthood to identify health out-
comes of various chemical exposures on the fetus, and
into infancy, childhood, adolescence, and adulthood.260

At the same time, while these studies are important, and
the Maternal-Infant Research on Environmental Chemi-
cals (The MIREC Study) recently undertaken at the fed-
eral level is an important first step, we cannot wait for
the data on health effects to start coming in from these
studies (which will take several years if not decades)
before engaging in precautionary regulatory action.

20. The unique exposure patterns of infants and chil-
dren require further research. Health Canada should
consider basing childhood exposure assessments to envi-
ronmental contaminants on narrow age groupings for
children under age one, as this age group is particularly
susceptible to specific contaminants.

21. Preliminary results from the Canadian Health Meas-
ures Survey (CHMS) suggest that most Canadians have
measurable amounts of heavy metals such as lead and
cadmium in their blood. Despite the fact that it is well-
known that heavy metal exposure is unlikely to be equal
across the population, people living on reserves, members
of the Canadian Forces and people living in remote regions
of the country are excluded from the CHMS. Given our
findings in this study, there are strong reasons to undertake
biomonitoring studies specifically among these vulnerable
populations and to systematically compare those data
with the biomonitoring results for Canadians as a whole.

GROUNDWATER PROTECTION/SOURCE PROTECTION
22. A long-term perspective on maintaining the safety
of drinking water depends on the protection of source
waters. Ultimately we have to prevent chemical contami-
nants from entering our environment and our waterways
if we are to prevent them from impacting our health.

IMPROVED ACCESS TO DRINKING WATER DATA
Collecting municipal drinking water data proved to be
a difficult and needlessly time consuming aspect of this
research. In some cases, it took several weeks to obtain
drinking water data. In other cases, the data was simply
not made available. Clearly, all Canadians should have
easy access to drinking water testing results, irrespective
of where they live.

23. Water suppliers (the provinces/territories/municipali-
ties) should be required to provide drinking water data
and system approvals free to the public, and where pos-
sible, make the results available on the Internet.
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Comparison of Provincial Water Quality Standards for Five Chemical Parameters
(lead, nitrate, arsenic, cadmium, and TCE)

Maximum Allowable
Concentration in the Guidelines
Pb N03 As Cd TCE Drinking Water Standards Sampling Action Taken if

Province 0.010 45 0.010 0.005 0.005 for Chemical Parameters Frequency Standard is Exceeded

British Columbia - - - - - There is no provincial Not applicable. Not applicable.
requirement for chemical
parameters. Water quality
testing is limited to a provincial
microbiological standard.261

Alberta 0.010 45 0.010 0.005 0.005 Parameters to be monitored are Depends on the water source One additional confirmation
listed in the Province’s Standards and parameter.263 For ground- sample shall be collected no
and Guidelines for Municipal water systems not under the more than two weeks after the
Waterworks, Wastewater and direct influence of surface initial sample results are
Storm Drainage Systems. The water, sampling may be reduced received. If the confirmation
MAC for each parameter is that to once every three years for sample exceeds the MAC,
of the Guidelines standard.262 Pb, NO3, As, and Cd, and once system monitoring shall occur

every five years for TCE if on a quarterly basis or as
MACs are not exceeded. directed by the Minister of
For other groundwater sources, Environment.264

monitoring occurs once per year.
For surface water, sampling
occurs twice per year.

Saskatchewan 0.01 45 0.025 0.005 0.05 Drinking water must meet the Set out in the operating If a standard is exceeded,
(interim standards prescribed by permit.266 additional testing shall be
MAC) regulation and the standards conducted as directed by the

in the permittee’s permit.265 minister.267

Manitoba 0.01 45 0.010 - 0.005 Standards are specified in the Varies depending on water The supplier must notify a
regulation. Additional standards source, water supplier and drinking water officer of the
may be specified in the operating population served.271 results and re-sample as the
licence.268 A licence may require a officer directs. If the original or
For a semi-public water supplier, higher testing frequency.272 retest sample fails to meet
water quality standards are Generally, the frequency of the standard, the director or
specified in the operating testing increases with drinking water officer will
licence.269 increasing population, from consult the medical officer
(These particular standards are once every third year (popn. to decide on a course of
only for groundwater sources).270 below 5,000) to once every action.273

month (popn. over 90,000).
Surface water and groundwater
under the influence of surface
water is tested more frequently.
Semi-public water is sampled
every third or fifth year for
groundwater or surface water,
respectively.
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Comparison of Provincial Water Quality Standards for Five Chemical Parameters
(lead, nitrate, arsenic, cadmium, and TCE) continued

Maximum Allowable
Concentration in the Guidelines
Pb N03 As Cd TCE Drinking Water Standards Sampling Action Taken if

Province 0.010 45 0.010 0.005 0.005 for Chemical Parameters Frequency Standard is Exceeded

Ontario 0.010 10 0.025 0.005 0.005 Water quality standards are set Varies depending on system A new sample is tested as
274 in the regulations.275 size and source. soon as reasonably possible.

For large systems, arsenic, If this sample exceeds the
cadmium,276 and TCE277 are standard, the Medical Officer of
sampled every 12 months for Health will direct the action
surface water or every 36 to be taken.281

months for groundwater sources.
Samples are taken every 60
months for small systems. Nitrate
is sampled most frequently, at
least one every three months.279

Lead sampling is also subject
to a separate regime.280

Québec 0.010 10 0.025 0.005 0.05 Drinking water shall be supplied Lead, arsenic and cadmium are The Minister of Sustainable
282 in accordance with the standards sampled at least once between Development, Environment and

in the regulation.283 July and October. Nitrates and Parks and the regional public
nitrites284 and TCE are sampled health officer must be
at least once during each notified of measures taken to
quarter.285 remedy the situation.286

New Brunswick 0.010 45 0.01 0.005 0.005 Although the Ministry of Health Set out in each supply system’s No procedure prescribed.
has adopted the Guidelines,287 sampling plan.289

the legislative framework does
not refer to these guidelines as
standards. Each water supply
system has an approved sampling
plan from the Ministry of
Health.288

Nova Scotia 0.010 45 0.010 0.005 0.005 The province has adopted the Provincial guidelines detail the The Minister of Environment or
Guidelines standards.290 testing frequency.291 Surface an administrator must be

water is sampled once per year. immediately notified if a water
Groundwater is sampled once quality standard is exceeded.
every two years.292 Corrective action must be taken

as required by the Minister or
administrator.293

Prince Edward 0.010 45 0.010 0.005 0.005 Standards are based on the most Public drinking water systems No procedure prescribed.
Island recent version of the Guidelines.294 require at least one sample per

year.295 More detailed chemical
analyses vary in frequency
depending on type and size of
drinking water system.
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Comparison of Provincial Water Quality Standards for Five Chemical Parameters
(lead, nitrate, arsenic, cadmium, and TCE) continued

Maximum Allowable
Concentration in the Guidelines
Pb N03 As Cd TCE Drinking Water Standards Sampling Action Taken if

Province 0.010 45 0.010 0.005 0.005 for Chemical Parameters Frequency Standard is Exceeded

Northwest 0.05 45 0.05 0.01 None Water quality parameters are set The frequency of sampling is No procedure prescribed.
Territories out in the regulation.300 determined by the Chief Medical

Officer of Health.301 They are
required to be sampled once
per year.302

Nunavut 0.05 45 0.05 0.01 None The Government has adopted the The frequency of sampling is As there is no corrective action
Public Water Supply Regulations the same as for the Northwest prescribed in the Northwest
of the Government of the Territories. Territories, none apply in
Northwest Territories.303 Nunavut.

Yukon 0.010 45 0.010 0.005 None Water quality parameters are No monitoring frequency is The owner shall take necessary
listed in the regulation.304 prescribed. corrective action if a sample
Concentrations are not to exceed exceeds the standard.306

those of the Guidelines.305 No procedure is detailed.
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Appendix B

Selected results from Ontario’s Community Lead Program:
Testing Rounds 1 and 2

Testing Round

Round 1 Round 2 Round 3
City (Dec 15 2007 to April 15 2008) (June 15 2008 to October 15 2008) (ongoing)

Pembroke307 16% of samples taken from Pembroke residences showed n/a
adverse levels of lead in the drinking water.

Toronto308 6% (6/100) of private residences tested ≥11 µg/L 52% (52/100) of private residences tested ≥11 µg/L
Range: <0.51 µg/L to 14 µg/L for private residences Range: <0.51 µg/L to 82 µg/L for private residences

London309 22% (22/100) of private residences had at least one 27% (27/100) of private residences had at least one
sample exceeding 10 µg/L sample exceeding 10 µg/L
Average: 15.7 µg/L Average: 17.4 µg/L
10% (1/10) of private non-residences had at least one 10% (1/10) of private non-residences had at least
sample exceeding 10 µg/L one sample exceeding 10 µg/L
Average: 11.0 µg/L Average: 12.6 µg/L

Guelph310 Out of 114 samples, 15 (~13%) exceedances Out of 118 samples, 19 (~16%) exceedances
(defined as >0.010 mg/L or >10 µg/L ) were found (defined as >0.010 mg/L or >10 µg/L ) were found
between January 2008 and February 2008. between June 2008 and July 2008.
Range: 0.6 ppb-45 ppb,311 with 8 non detect (ND) results Range: 0.5 ppb-73 ppb, with 8 non detect (ND) results

Smiths Falls312 Out of 54 residential, non-residential and distribution Out of 60 residential, non-residential, and distribution Four residential samples and
samples, 8 (~15%) exceeded 0.010 mg/L in the first litre. samples, there were 20 (~33.3%) exceedances in one distribution system
Range (1st Litre): 0.000020 mg/L to 0.020400 mg/L the first litre. sample have so far been
Out of 40 residential samples, 7 exceedances were found Range (1st Litre): 0.000020 mg/L to 0.032400 mg/L taken. Results are pending.
(17.5%) for the first litre and 7 exceedances were found Out of 40 residential samples, 18 exceedances were
for the second litre. found (45%) for the first litre and 17 (42.5%)
Out of 10 distribution system samples, 1 exceedance was exceedances were found for the second litre.
found (10%) for the first litre. No exceedances were found Out of 16 distribution system samples,
in the four non-residential samples for either the first or 1 exceedance was found (~6%) for the first litre.
second litre. Out of 4 non-residential samples, 1 exceedance was

found (25%) for the first litre and 1 exceedance
was found for the second litre.

Renfrew313 Out of 40 residential samples, 1 (2.5%) sample exceeded. Out of 12 residential samples, 1 (~8%) exceedance
0.010 mg/L for the first litre and there were 2 exceedances was found for the first litre.
(5%) for the second litre between February 22, 2008 and Our of the 10 distribution system samples, 2 (20%)
April 24, 2008. exceedances were found for the first litre.
No exceedances were found in the five non-residential No exceedances were found for the one
samples or the eight distribution system samples. non-residential sample.
Range (1st Litre): <0.00002 mg/L to 0.0277 mg/L Range (1st Litre): <0.00002 mg/L to 0.238 mg/L
Range (2nd Litre): <0.00002 mg/L to 0.0197 mg/L Range (2nd Litre): <0.00002 mg/L to 0.00353 mg/L

Peterborough314 Out of a total of 114 samples, 1 (<1%) exceeded Out of a total of 123 samples, 3 (~2%) exceedances There have been 23 samples
10 µg/L for the first litre. were found for the first litre. taken for the first litre.
Range: <0.02 µg/L to 15.6 µg/L Range: 0.02 µg/L to 14.40 µg/L Range: 0.03 µg/L to 7.74 µg/L
Out of a total of 89 samples, 1 (~1%) exceedance was Out of a total of 99 samples, 1 (~1%) exceedance There have been 18 samples
found for the second litre. was found for the second litre. taken for the second litre.
Range: 0.05 µg/L to 24 µg/L Range: 0.02<MDL to 11.10 µg/L Range: 0.06 µg/L to 8.52 µg/L

So far, there have been no
exceedances.
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Selected results from Ontario’s Community Lead Program:
Testing Rounds 1 and 2 continued

Testing Round

Round 1 Round 2 Round 3
City (Dec 15 2007 to April 15 2008) (June 15 2008 to October 15 2008) (ongoing)

St. Catharines315 Out of 101 residential samples taken, there were Out of 124 residential samples taken, there So far, there have been 86
12 (~12%) exceedances. were 8 (~6%) exceedances. residential samples (Range:
Range: <0.001 mg/L to 0.067 mg/L Range: <0.001 mg/L to 0.034 mg/L <0.001 mg/L to 0.026 mg/L),
Out of 20 non-residential samples taken, there were Out of 10 non-residential samples taken, 2 non-residential samples
no exceedances. there were no exceedances. (Range: <0.001 mg/L to
Range: <0.001 mg/L to 0.007 mg/L Range: <0.001 mg/L to 0.002 mg/L 0.003 mg/L) and 13
Out of 22 distribution system samples taken, there Out of 20 distribution system samples, distribution system samples
were no exceedances. there were no exceedances. (Range: <0.001 mg/L to
Range: <0.001 mg/L to 0.003 mg/L Range: <0.001 mg/L to 0.002 mg/L 0.041) taken.

Thunder Bay316 After having nearly completed two rounds of lead testing in 2008, the statistics are as follows:
About 25% of all residential samples exceeded 10 ppb
About 21% of city buildings exceeded 10 ppb
Greater than 30% of commercial buildings exceeded 10 ppb

Ottawa317 Of 105 samples taken from the central distribution system, Of 105 samples taken from the central distribution
1 (<1%) sample from the first litre exceeded 10 µg/L system, 1 (<1%) sample from the first litre
Average Lead Concentration: 1.8 µg/L exceeded 10 µg/L.
In the second litre, there were 2 (~2%) exceedances. Average Lead Concentration: 2.6 µg/L
Average Lead Concentration: 2.1 µg/L In the second litre, there were 2 (~2%) exceedances.

Average Lead Concentration: 2.7 µg/L

Kingston318 Central water system: N/A
Out of 16 non-residential samples tested, there
were 2 (12.5%) exceedances.
Range: 0.00012 mg/L to 0.0225 mg/L
Out of 172 residential samples, there was 1 (<1%)
exceedance.
Range: <0.00002 mg/L to 0.0136 mg/L
West Water System:
Out of 12 non-residential samples, there were no
exceedances.
Range: <0.00002 mg/L to 0.00142 mg/L
Out of 122 residential samples, there were no
exceedances.
Range: <0.00002 mg/L to 0.00143 mg/L

Sault Out of 92 homes sampled between March 3 2007 Out of 169 homes tested between June 15 and
Ste. Marie319 and April 11 2007, 29 (~32%) exceeded 10 µg/L October 15, 29 (~17%) exceedances were found.

Chatham- Out of 690 samples taken from local residences, N/A
Kent320 5 (<1%) samples exceeded 10 µg/L.
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Appendix C

Examples of the Increasing Concentration of Metal Contaminants in
Flin Flon, Fort Chipewyan, and Hay River

Potential Trends in Contaminant Concentrations (µg/L)

Community Medium Contaminant H.M.‡ 1994 1996 1998 1999 2000 2002 2003 2004 2005 2006 2007 2008

Flin Flon, Drinking Cadmium – – – – – 0.3 0.68 0.61 0.65 0.61 0.92 0.85 –
Manitoba Water Copper – – – – – 23 21 21 48 45 69 – –

Lead – – – – – 0.8 0.7 0.3 0.6 1.5 3.2 1.5 –

Surface Water Copper – – 30.5 – – – – – 89§/79† – – –
(Flin Flon Creek) Molybdenum – – 5.90 – – – – – 9.7§/9† – – – –

Surface Water Copper – 20*/10** – – – – – – 86 – – – –
(Schist Lake) Iron – 160*/40** – – – – – – 800 – – – –

Surface Water Copper – <10*/<10** 185 – – – – – – – – – –
(Ross Lake) Iron – 250*/200** 712 – – – – – – – – – –

Nickel – <10*/<10** 23.1 – – – – – – – – – –

Fort Drinking Water Mercury – – – – – – – – – – – 0.00083 <0.1
Chipewyan, Surface Water Arsenic 0.5 – – – – <1.0 – – – – – – –
Alberta (Athabasca River Barium 56 – – – – 62 – – – – – – –

Upstream of
Copper <1 – – – – 3 – – – – – – –

Embarras River)
Mercury <0.1 – – – – <0.2 – – – – – – –

Selenium <0.2 – – – – <0.8 – – – – – – –

Zinc 4 – – – – 33 – – – – – – –

Surface Water Aluminum 350 – – – – 2,570 – – – – – – –
(Athabasca Arsenic 0.6 – – – – 1.0 – – – – – – –
River Delta)

Barium 55 – – – – 69 – – – – – – –

Copper <1 – – – – 5 – – – – – – –

Mercury <0.1 – – – – <0.2 – – – – – – –

Selenium <0.2 – – – – <0.8 – – – – – – –

Zinc 4 – – – – 58 – – – – – – –

Hay River, Drinking Water Aluminum – – – – – – – – – 46.5 – 94.0 66.3
Northwest Raw Water Cadmium – – – 0.1�/0.1¤ 0.3 0.3∞/0.3� <0.3 – – – – – –
Territories (Great Slave Chromium – – – 0.5�/2¤ 3 3∞/3� <3 – – – – – –

Lake)
Cobalt – – – 0.2�/0.5¤ 1 1∞/1� – – – – – – –

Copper – – – 36.1�/9.3¤ 41.6 29.6∞/70� 24 – – – – – –

§ Reference Area
† Exposure Area
* Maximum

** Mean
‡ Historical Median (1976-1987)
� 1/20/1998
¤ 8/17/1998
∞ 1/19/2000
� 6/20/2000
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