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throughout the world, Canadians are fortunate to

have access to safe drinking water and adequate san-
itation. Globally, most diarrheal diseases — responsible for
nearly two million deaths a year — can be attributed to
unsafe water supplies as well as inadequate sanitation and
hygiene.* Most of the deaths are among children in develop-
ing nations. Outbreaks of water-borne disease, however,
continue to occur regularly in affluent nations.?

In the United States, approximately 45 million people
obtain their drinking water from domestic wells.®* A 2008
review estimated that 19.5 million water-borne illnesses occur
each year in the US.* Over the 12-year study period, 76% of
183 documented outbreaks and a combined 33% of estimated
water-borne illnesses could be attributed to groundwater sys-
tems.* The vulnerability of drinking water to contamination in
private wells and the importance of ensuring adequate disin-
fection and proper maintenance were highlighted in a
matched case-control study of children (< 19 years of age) in
Washington: the use of septic systems for disposal of home
waste water was associated with both Salmonella (odds ratio
[OR] 3.2, 95% confidence interval [CI] 1.3-7.8) and
Escherichia coli 0157 (OR 5.7, 95% CI 1.2-27.2) infections.®

Private water systems in Europe have similar susceptibili-
ties to outbreaks of water-borne disease as those in North
America. A review of water-borne infectious intestinal disease
in England and Wales from 1992 to 2003 found that the inci-
dence of outbreak among consumers of private water supplies
was up to 35 times greater than that among consumers of pub-
lic water supplies (1830 v. 53 per million population).® In
terms of international best practices, Scotland has developed
and adopted an integrated management approach to drinking
water that focuses on risk assessment for private supplies;®
other nations would be well-advised to emulate this initiative.

The primary goal of public drinking water utilities should
be to produce and deliver safe, secure drinking water for con-
sumers. For most of 33 million Canadians, the main source of
drinking water is from regulated public municipal systems.®
However, an estimated three to four million people — about
one in every eight Canadians — are served by private sup-
plies, most of which rely on rural groundwater sources.®
Because this subpopulation, although a substantial number, is
fragmented and scattered across the country, it is difficult to
quantify and monitor the systems, and efforts to educate con-
sumers about water quality are hindered.

C ompared with people in many developing areas
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Key points

e Contamination of private drinking water supplies is
common in developed nations.

¢ In Canada, an estimated three to four million people use
private drinking water supplies, most of which originate in
rural groundwater sources.

e Contamination by microbial pathogens is the most direct
risk, and specific regulations for private drinking water
supplies are lacking.

e To mitigate risk, owners of private water supplies must
test drinking water regularly for quality, use appropriate
treatment (e.g., filters and disinfection) and monitor and
maintain the system.

The Guidelines for Canadian drinking water quality,
established by the Federal-Provincial-Territorial Committee
on Drinking Water, are used by all provinces and territories as
the basis for setting enforceable standards or policies for
water quality, particularly as it relates to public systems.*? The
guidelines cover a range of microbiologic, chemical, physical
and radiologic health-based maximum acceptable concentra-
tions as well as aesthetic objectives (related to taste, odour
and appearance) and operational guidance values (parameters
that may affect processes at a treatment plant or within the
distribution system). Authority for water quality usually rests
with ministries responsible for the environment or health,
depending on the province or territory. However, consistent
oversight is clearly lacking when it comes to ensuring that the
regulatory standards for private water systems are the same as
those for public water systems. As part of their mandate to
protect public health, provincial ministries of health and
regional health authorities provide guidance to owners of pri-
vate water supplies (and private sewage systems). The guid-
ance is usually provided on request to help private citizens.
Owners of private water supplies (i.e., domestic well, cistern
or dugout) are legally responsible for the condition and qual-
ity of their system.®

For this article, peer-reviewed literature on private drink-
ing water supplies was searched using Web of Science (Sci-
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Expanded, 1900-September 2009) and MEDLINE (1950-
September 2009). A grey literature search of relevant health,
environment and agriculture organizations was also per-
formed using Google.

Water-borne illness

Microbial pathogens pose the greatest risk to the safety of
drinking water. Pathogenic organisms capable of causing
water-borne illnesses include bacteria (e.g., E. coli, Salmo-
nella, Shigella, Campylobacter and Yersinia), enteric viruses
(e.g., noroviruses, rotaviruses and hepatitis A and E viruses)
and protozoa (e.g., Giardia and Cryptosporidium). Outbreaks
of water-borne disease can be caused by weather (e.g., heavy
rainfall and spring runoff); improper land application and dis-
posal of manure, sewage sludge or waste water; leaking septic
tanks, cesspools, sewers or landfills; failure of water treat-
ment systems; inadequate attention to sanitation in wells; and
poor maintenance and treatment practices.°

An estimated three to four million Canadians are served by
private drinking water supplies, most of which rely on ground-
water sources.
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A review in Canada of 288 outbreaks of infectious disease
related to sources of drinking water over a 27-year period
concluded that two-thirds were related to either semi-private
or private systems.”® In a 1991-92 survey of 1292 drinking
water wells on farmsteads in Ontario, 40% of the wells were
found to contain one or more target contaminants (coliform
bacteria, nitrate and select pesticides) at levels above the max-
imum acceptable concentrations at that time.*” Bacterial cont-
amination was the most prevalent, with the maximum level of
coliform bacteria being exceeded in 34% of the wells sur-
veyed. Maximum acceptable concentrations of both E. coli
and total coliforms in private drinking water systems are now
set at none detectable per 100 mL.*

VVomiting and diarrhea are the most common conditions
attributable to water-borne pathogens. Although it is gener-
ally considered non-life-threatening and self-limiting in
healthy adults, low mortality rates (3%-5%) have been
observed in sensitive subpopulations, including infants and
the elderly.*® In addition, the burden of acute gastrointestinal
illness is significant in Canada.*** A study in British Colum-
bia showed a rate of 1.3 episodes per person-year (95% ClI
1.1-1.4), with an average annual probability of illness devel-
oping of 71.6% (95% CI 68.0-74.8).*° The average duration
of acute gastrointestinal disorder was 3.7 days, or 19.2 million
days annually.”* Another Canadian study showed substantial
under-reporting of the illness; for every instance of enteric ill-
ness reported in Ontario, the estimated number of patients in
the community ranged from 105 to 1389.%

Chemical contamination

Chemical contamination of sources of potable groundwater is
common across Canada. Contamination with nitrate at levels
above the maximum acceptable concentration frequently
occurs in many agricultural regions.? In Saskatchewan,
approximately 45% of the population relies on drinking water
from groundwater sources, 70% of whom use private wells.?
A study of 535 wells in that province found that 99.6%
exceeded either an aesthetic or heath-related objective, and in
35% of those, the maximum acceptable concentrations for
one or more health-related parameters (nitrate, arsenic, sele-
nium and coliform bacteria) were exceeded.?? Elevated con-
centrations of naturally occurring metals, such as arsenic, in
groundwater can be problematic and are not uncommon in
some regions of Canada.

Many studies that monitor pesticides screen for a large
number of compounds, which results in many pesticides
being detected above analytical detection limits but often
below regulatory values.?* Analysis for many chemical conta-
minants, such as pesticides, is expensive, making comprehen-
sive and meaningful monitoring programs difficult. With
advances in instrumentation, detection limits are being low-
ered (now into parts per trillion and parts per quadrillion
ranges) and more compounds are inevitably detected. Identifi-
cation is useful for studies of occurrence, but detection at
such negligible levels may draw attention away from the
more significant health threats caused by pathogens.

Saskatchewan’s Rural Water Quality Advisory Program is
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Routine testing of drinking water is essential for ensuring qual-
ity and safety.

one of Canada’s most innovative, offering full consultative ser-
vices to anyone in Saskatchewan who relies on a private water
supply. For a nominal fee (about $100), owners receive a com-
prehensive and focused suite of parameters (major ions, trace
metals, nutrients and bacteria) with which to assess the quality
of their drinking water.?* This program is valuable as a central-
ized resource for the development of a provincial database on
water quality, which would allow priorities to be set based on
risk and could serve as a model for other jurisdictions.

Private systems and threats to drinking
water

The perception that private systems — the majority of which
come from groundwater in rural and small towns — yield
higher water quality than that from municipal sources is
common® and unfounded. In one survey, 65% of Canadian
households using nonmunicipal water supplies had not had
their water tested by a laboratory within the previous 12
months.’ An Ontario study found that only 8% of private
water systems met the current provincial recommendation
for frequency of testing.** Suppliers of municipal water, on
the other hand, test their water for a variety of parameters
daily. Water quality can change at any time. Ontario’s Min-
istry of Health and Long-Term Care recommends proper
maintenance and testing of the well water for bacteria three
times per year.* Inconvenience and lack of time are reported
as key barriers to routine sampling in private wells.*?" Cost,
in jurisdictions that do not subsidize routine testing, is an
additional obstacle.
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The provision of safe, secure drinking water is necessary
for protecting public health and requires not only proper tech-
nical training but also an understanding of the responsibility
this activity carries. Given the lack of routine testing and
maintenance reported among private well owners, there
appears to be a large gap in public awareness and a lack of
educational programs and available resources to improve the
public’s understanding of potential health threats related to
drinking water. Government authorities ought to be finan-
cially assisting and better educating owners of private drink-
ing water supplies to ensure that the necessary actions are
taken to produce safe, secure drinking water. To remain vigi-
lant against complacency, all Canadian jurisdictions should
adopt a culture of continual improvement as it relates to
ensuring water quality.

However, the need for owners of private water supplies to
take responsibility cannot be overemphasized. They must be
willing to pay for water quality testing and to incorporate
appropriate processes for water filtration treatment and disin-
fection. The use of septic and other waste systems must
include proper planning, with routine inspection and mainte-
nance to avoid problems such as self-contamination (i.e.,
when the waste system contaminates the drinking water well).
Some excellent resources for owners of private rural water
supplies are provided in Appendix 1 (available at www.cmaj
.ca/cgi/content/full/cmaj.090956/DC1).

Recommendations for physicians

Utility operators for public drinking water systems are
guardians of public health. In contrast, owners of private sup-
plies typically lack the training and expertise of certified oper-
ators. Private supplies can, in many ways, be viewed as
miniature public systems; several key principles of risk man-
agement used by public utilities can be applied to private sys-
tems. Clearly, water-borne disease is the most tangible and
direct threat to any drinking water system. However, it can be
prevented with appropriate and consistent risk management
that includes protecting the drinking water source from conta-
mination, routinely monitoring the water quality, treating the
water appropriately (e.g., disinfection and filtration) and
undertaking scheduled system maintenance. By understand-
ing these principles, physicians and other health care
providers can help increase awareness and educate owners of
private water supplies about proactive measures that will pro-
tect the health of their family and others who use their water.

Given the substantial burden of disease resulting from
water-borne illness as well as the potential for exposure to
chemicals in drinking water, physicians (particularly those in
rural settings) should enquire about environmental exposures
and water supplies when taking a patient’s medical history.
Reported changes in the quality of well water (e.g., taste,
odour, appearance) should serve as an important reminder that
trouble is usually preceded by change,? so particular attention
should be paid to environmental exposures: they may help pin-
point important triggers causing adverse health outcomes.

The American Academy of Pediatrics recently issued a
policy statement and technical report about risks to childen of
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