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ABSTRACT:

The role of water as a carrier of microbes that are disease-causing in humans is often overlooked with
diseases being vastly under-reported.  Some waterborne diseases, such as samonelloss,
campylobacteriods and giardiags, can exhibit clinicaly mild symptoms with patients not seeking medical
help. The frequency of reporting is aso affected by awareness of specific diseases, interest and the
availability of resources in different areas. The portion of a specific disease that can be attributed to
water is dso typicaly not known. The environmenta occurrence of most existing and severd emerging
waterborne disease agents, such as enteric viruses, has not been established. Waterborne illnesses are
not redtricted to diarrhed diseases, with severa severe diseases being implicated with waterborne
transmissions including heart attacks, insulin dependent diabetes (Coxsackie B virus), Guillan-Bare
syndrome (pardyss, Campylobacter) and Hemolytic Uremic Syndrome (HUS, Escherichia coli
0157:H7). Here we have examined the officia hedth gatistics from 1990 to 1998 for five reportable
illnesses caused by microorganisms with a potentid waterborne tranamisson pah: giardiass,
campylobacterioss, shigellos's, haemorrhagic calitis or hemolytic uremic syndrome (caused by E. coli
0157:H7), and hepatitis A. These diseases were especidly prominent in the prairie provinces except
for campylobacterioss. Rurd areas in the prairie provinces have especidly chdlenging water quality
problems due to high levels of dissolved organic materid and predominantly agriculturd drainage basins.
This makes the water difficult to treat. Waterborne illnesses affect sub-populations differently with the
fetus and infants being particularly sengtive. Infants exposed to pathogenic microbes are much more
likely to develop disease and the outcome of an infection is much more severe than in the generd
population. Increased risks of one to two orders of magnitude can be expected. This prompted us to
have alook at another hedth gatidtic, infant mortality. The three prairie provinces were among the four
provinces with highest average infant mortdity rates throughout the period. Rural Canada asawholeis
not faring wel with 40% higher infant mortaity rates compared with urban Canada. Can we afford to
ignore the possihility of a connection between poor rurd water and higher infant mortaity? Higher infant
mortality in Canada has adso been ascribed to First Nations. First Nations, smilar to other rura
communities, have frequently difficult to treet water with limited expertise on-reserve. While the
connections between waterborne microorganisms and a variety of diseases and hedlth indicators (such
as infant mortality) remain to be established, it is clear that rurd areas cannot take safe drinking water
for granted. Mechanisms to produce safe drinking water from poor source waters need to be
determined. Simple, yet effective systems need to be designed, which should dlow for the lack of
highly skilled water trestment plant operators.
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NTRODUCTION:

Background:

Therole of water in transmitting microbid illnesses to humans has frequently been overlooked compared
with other transmission paths. An outbresk of cryptosporidosis in Milwaukee in 1993 where 50% of
the population were infected has cost $25 billion U.S in 1999 (NRC, 1999) leading regulaory
authorities and large water treatment plants around the world to carefully consder waterborne
pathogenic organisms. The U.S. Environmenta Protection Agency (USEPA) has introduced a series of
regulatory standards, including the Surface Water Treatment Rule (SDWA), the Enhanced Surface
Water Treatment Rule (ESWTR), The Tota Coliform Rule (TCR), Disinfection Byproducts Regulations
(DBPR), and in April 2000, comments were requested for the Groundwater Rule (GWR, USEPA,
2000). These rules are designed to primarily dea with microbia concerns dthough chemicas are dso
included in both SDWA and GWR. Microbid compliance has been more difficult to achieve than
compliance with chemica contaminants with 23.5% of dl U.S. community public water systlems having
violated the microbid standards between 1992 and 1995, while only 1.3% violated the chemica
standards ( NRC, 1999).

Concerned that even the above rules may not be sufficient to ded with some microorganisms, the
USEPA has liged a number of microorganisms requiring further study (Table 1). Severd other
microbes were congdered, but microbes that are adequately controlled by the above rules were
excluded from the lig. Thisincluded rotaviruses and hepatitis A and E viruses, which are expected to
be controlled by disnfection. Three protozoan parasites, Toxoplasma gondii, Cyclospora cayatensis
and Entamoeba histolytica were dso excluded from the list because they are of amilar or larger sze
than parasites dready regulated (Giardia and Cryptosporidium).  Many bacteria were excluded from
the list because compliance with existing and proposed rules should control Salmonella, Shigella,
Campylobacter, Yersinia, Vibrio cholerae and other vibrios. Legionella was excluded because it has
been extensively dedt with under existing and proposed rules, which are continudly being updated.

Severd protozoan and becterid pathogens can infect both humans and animads while human
gadrointestina viruses typicdly only infect humans. Human and anima waste are therefore both of
concern for the transmission of waterborne illnesses. Failures of septic tanks are common with more
than 90,000 reported in one year donein the U.S. (USEPA, 19974). Feca contamination can reach
surface water supplies and aquifers through a variety of means including direct runoff into surface weter,
through improperly sedled abandoned wels, dong the well casing, and through cracks in the sanitary
sed of the well (USEPA, 2000). Sinton et d. (1997) showed that viruses are much more readily
trangported through subsurface substrata than are bacteria.

Didribution systems can dso present problems either through failing cross connections, broken pipes, or
growth of microorganisms within the pipes ( USEPA, 2000). Some opportunistic bacterid pathogens,
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such as Legionella, Pseudomonas aeruginosa, and Mycobacterium avium can colonize and grow in
digtribution system pipes (USEPA, 2000). Although viruses may be protected by the biofilm in
digribution systems, they cannot grow (USEPA, 2000). Microbid qudity is dmog exdusvey
determined by the presence/absence of tota coliforms, fecd coliforms and/or E. coli despite the fact
that most pathogenic microbes have much greater resstance to disnfectants or can more easly
contaminate and survive in groundwater (viruses) resulting in water with no coliforms (especidly after
disnfection, or in many groundwater sources contaminated by viruses, USEPA, 2000).

Table 1. Drinking water contaminant candidate list (CCL, USEPA 1998, NRC 1999)

Protozoa Enter ocytozoon
Microsporidia
Septata

Viruses cadciviruses
adenoviruses

coxsackieviruses

echovirusss

Bacteria Helicobacter pylori

Mycobacterium avium complex

Aeromonas hydrophila

Algae/Cyanobacteria (blue-green algae) Cyanobacteria, other freshwater algae, and their
toxins

The concept of multiple barriers for microbe remova is the cornerstone of severa different water
trestment rules in the U.S. including the Surface Water Trestment Rule and the Groundwater Rule.
Mogt Canadian cities are following the different U.S. generated rules to ensure that microbid barriers
can achieve high leves of removals through optimization of many different water trestment processes.

In contrast, the multiple barrier gpproach is sldom used in rural Canada. Rurd water is dso typicaly
of much poorer chemica qudity asit is derived from smal surface water reservoirs and aquifers, while
cities are mostly located close to large lakes or rivers with much better chemicd and biological
characterigtics.  In addition to having better water to treet, cities dso have the resources to treat the
water well. The City of Cdgary, for example, employs 18 people in a research and development
laboratory to ensure that one of the best raw water sources in Canada becomes safe for human
consumption.

No level of government has invested in research laboratories and scientists to address rura water quality
issues and it is againg this background the Safe Drinking Water Foundation was formed. Through an
internationa network of scientists we am to provide drinking water quality solutions for rurd people
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around the world. In this article a background to the issues surrounding microbid qudity and rurd
drinking water is given, and officid datistics for diseases that can be caused by waterborne
microorganisms are reviewed. Populations at risk for waterborne illnesses are dso discussed and
trends warranting further scrutiny are identified.

Waterborne bacteria:

Bacteriathat causeillnessin mogt individuds are cdled primary pathogens while those that causeillness
mainly in sengtive sub-populations (immuno-compromised, ederly, children) are called opportunistic
pathogens. Bacteria can cause illness either through growth within the human body (e.g., Salmonella)
or by the release of toxins in the human body (e.g., Campylobacter, E. coli O157:H7). Some bacteria
travel fredy between humans and anima hogts, such as Campylobacter, E. coli, and Salmonella,
while others, such as Shigella, are mainly associated with humans ( Geldreich, 1996). Comparisons
between the environmenta occurrence and the disease profile of Campylobacter and Shigella can
potentialy be used to determine relative differences in anima vs. human contributions to illness.

Most waterborne pathogenic bacteria can cause gastrointesting illness, but as shown in Table 2, severa
can dso cause more severeillnesses. For example, E. coli O157:H7 can cause bloody diarrheaand
hemorrhagic colitis aswell as hemolytic uremic syndrome (HUS). [Editor’s note: In mid-May 2000,
a waterborne outbreak caused by E. coli O57:H7 was detected in the the rural town of
Walkerton Ontario. By the time the outbreak was brought under control in mid-June more than
2300 cases and 7 deaths had been reported.] Another bacterium, Legionella, causes Legionnaires
disease, which isaform of pneumoniawith a 15% fataity rate; it dso causes aless severeillness caled
Pontiac fever, which most people exposed to Legionella will develop ( USEPA, 2000).
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Table 2: Someillnesses caused by mgor waterborne bacteria pathogens

Bacterial pathogen IlInesses

Campylobacter jguni Gadtroenteritis, meningitis, associated with
reective arthritis and Guillain-Barre pardyss

Escherichia coli (severa species) Gadtroenteritis, hemolytic uremic syndrome
(kidney failure)

Legionella species Legionnaires Disease, Pontiac Fever

Salmonella species Gadtroenteritis, septicemia, anorexia, arthritis,
cholecydtitis, meningitis, pericarditis, pneumonia,
typhoid fever

Shigella species Gadtroenteritis, dysentery, hemolytic uremic
syndrome, convulsionsin young children,
associated with Reiters Disease (reactive
arthropathy)

Vibrio cholerae Cholera (dehydration and kidney failure)

Yersinia entercolitica Gastroenteritis, acute mesenteric lymphadenitis,
joint pain

Modified from Encyclopedia of Microbiology ( Lederberg, 1999)

Vibrio cholerae non-Ol is increasingly isolated from people that have not traveled outsde Canada (
Ewan, 1982). In Saskatchewan, Vibrio cholerae has been isolated every year for the past ten years
with al cases having had exposure to surface water ( CCDR, 1998a). Shigdlosis causes around
600,000 degths every year globdly with increasing number of Shigella srains being resstant to multiple
antibiotics (CCDR, 1997a). Shigella serves as an example of how antibiotic resistance is developed
with resistance acquired to sulfa drugs in the 1940s, to tetracycline and chloramphenicol in the 1950s, to
ampicillin in the 1970s, and to trimethoprinVsulfamethoxazole in the 1980s ( CCDR, 19974). Smilarly,
Salmonella typhimurium has emerged as resgant to ampicillin, chloramphenicol, dreptomycin,
sulfonamides, and tetracycline ( CCDR, 1999h).

While drinking water is an important vehicle, contamination of fruits and vegetables by manure or by
water containing microorganisms has resulted in a variety of foodsuffs being implicated in various
outbregks. Contamination of unpasteurized gpple cider with E. coli O157:H7, Salmonella, and
Cryptosporidium have been associated with severa outbreaks ( CCDR, 1997b). Cattle, deer and
sheep can asymptomaticaly carry E. coli and Cryptosporidium, and cattle, chickens, and pigs can
carry Salmonella ( CCDR, 1997b). Both E. coli and Cryptosporidium are acid tolerant and can
survive the low pH in gpple juice (pH 3-4) for up to four weeks ( Millard et al., 1994). The addition
of a preservative to the gpple cider does not consgtently kill E. coli ( Zhao et al., 1993).
Cryptosporidium is even more difficult to kill asit is resstant to bleach, iodine and sodium hydroxide (
Campbdl et al., 1982). Similar outbresks have occurred with Salmonella tainted orange juice and
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dfdfasprouts and Shigella tainted pardey ( Croweet al., 1998). Such occurrences reflect a need to
keep livestock out of orchards and avoid using dropped fruit, and to use potable water for washing of
equipment and fruit ( CCDR, 1999a). Waterborne microbes can through various routes become food
processing problems.

Recredtiond exposures (water fountains, community and hotel pools etc.) can be particularly
problematic for Cryptosporidium asthis paradite isresgtant to disnfection ( CCDR, 1999c).

Water borne viruses:

The USEPA (2000) divides viruses into two separate classes, those that have low-to-moderate
infectivity, but reatively severe hedth effects (Type B viruses, causng for example myocarditis), and
those that have high infectivity, but rdaively mild hedth effects (Type A viruses, typicdly causng
gastroenteritis). The illnesses caused by Type B viruses can be extremely codtly to trest. Rotaviruses
have been used as the modd organisms for Type A viruses and echoviruses have been used for Type B.
USEPA istrying to estimate the percentage of Type A and Type B vird contamination of different types
of wells and suggest that improperly constructed wells have two orders of magnitude greater Type A
and Type B vird concentrations than properly constructed wells ( USEPA, 2000). Secondary
exposures are also a concern. It has been estimated that for every child with awaterborne vira disease,
an additionad 0.55 people (Type A) and 0.35 people (Type B) will becomeill ( USEPA, 2000).

The modd organism for Type B viruses, echoviruses, was implicated in an outbresk in Southern
Saskatchewan in 1998 ( CCDR, 1998b). Echovirus 30 meningitis was suspected in 37 cases of vird
meningitis and 22 of those cases were later confirmed by vird culture ( CCDR, 1998b). The Calgary
Hedth Didrict was dso reported to have cases of echovird meningitis in 1998 (dlso reported in
CCDR, 1998h).

Table 3: Someillnesses caused by fecd vird pathogens

Entericvirus IlInesses

Asgrovirus, Norwalk virus and other cdciviruses, | Gadroenteritis

rotavirus

Coxsackievirus A Meningitis, fever, respiratory disease

Coxsackievirus B Myocarditis, congenital heart disease, rash, fever,
meningitis, encephditis, pleurodynia, diabetes
mdlitis, eye infections

Echovirus Meningitis, encephdlitis, rash fever, gastroenteritis

Enteric adenovirus Respiratory disease, eye infections,
gastroenteritis

Hepditis A and hepatitis E virus Hepditis

Poliovirus Pardyss

Modified from Encyclopedia of Microbiology ( Lederberg, 1999)
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Despite the fact that CDC data shows that bacterid pathogens (15% of total) were responsible for
more outbreaks than viral pathogens (9% of total), USEPA is re-classifying outbreaks where no agent
was identified (63% of totd) as virus-caused because it is more difficult to diagnose vira pathogens
compared with bacteria pathogens ( USEPA, 2000).  Correct diagnosis of a virad waterborne
outbresk is therefore low while physicians can more readily identify bacteria leading to the above
discrepancy. There are severd additiona reasons why the USEPA decided to classfy a mgority of
waterborne outbregks as vird. For example, viruses move more readily in the ground than bacteriaand
they remain viable longer and are more infectious than bacteria (USEPA, 2000). The CDC database
shows that for every 20 bacterid illnesses there were 100 vird or unknown etiologicad agents and
USEPA (2000) assumes that vird illnesses are 5 times more common than bacterid illnesses. The data
indicate that ground water contamination (51% of tota), inadequate treatment or trestment failures
(22% of totd), and distribution system deficiencies (17% of tota) were responsible for most outbreaks,
with only 7% being unaccounted for ( USEPA, 2000).

Trangport of particlesin water:

To understand the potentid for microorganisms to be transmitted by water it is necessary to consider
how their 9zes determine sttling rates (Table 4).  Large particles have smdl specific areas (surface
area of paticevolume of particle), which is a prime determinant of how repidly particles will move
through a column of water. Gravel, sand and clay have specific areas ranging from 600 to 600,000
e/ and settle through a one meter column of water from 1 second to 2 hours. Protozoans and some
adgee are ds0 quite large and can settle through a one meter column of water within a few hours.
Bacteria and smdler types of phytoplanktonic agae with diameters around 1 micrometer have specific
areas of around 6 million nf/nT and settling rates that are measured in days ( Degremont, 1991).

Particles smdler than 0.5 um are operationaly defined as dissolved materid, thisincudes dl viruses as
well as many dissolved organic substances. Viruses range from 1-100 nm in sze with settling rates
ranging from 2-200 years ( Degremont, 1991). Viruses are dso sufficiently smdl (same Sze as colloids,
such as humic acids etc.) to move with the flow of water without being greetly impeded by structurd
properties of the soil. The end result of this, is that if water can reach an aguifer so can severd viruses.
This ease of movement is a magor reason that vird contamination of ground water is now featuring
prominently as the mgor cause of waterborne diseases ( USEPA, 2000).
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Table 4: Setling time of different particlesin weter.

Particle diameter Typeof partidle | Settling timethrough | Specific area (m?/m®)
1 m of water
10 mm Gravel 1 second 6 x 102
1mm Sand 10 seconds 6 x 103
0.1 mm Fine Sand 2 minutes 6 x 104
10 pm Protozoa, Algae, Clay 2 hours 6 x 105
1um Bacteria, Algee 8 days 6 x 106
0.1 um Viruses, colloids 2 years 6 x 107
10 nm Viruses, colloids 20 years 6 x 108
1nm Viruses, colloids 200 years 6 x 109

Modified from Degremont, 1991

Viruses can therefore travel dmost unhindered with their trangport medium, water. Viruses can aso
remain vigble for long periods of time resulting in consderable threats to aquifers and other bodies of
water ( USEPA, 2000). Groundwater velocities are highly variable, but can reach 500 m/hin certain
geologicd formations( USEPA, 1997b) and rapid movement of viruses from permitted waste injection
wells to groundwater and surface marine waters has occurred in 10 hours and less ( Paul et d. 1997).
Even impermesble materid, such as bedrock, can transmit water through fractures and equdly high
ground water velocities can bereached. Grave aquifers have very little or no remova capabilities,
while sand and finer materid, provide better remova of microorganisms ( Freeze and Cherry, 1979).
Confined aquifers (unfractured layers of st and clay) will, however, provide protection for the aquifer
aslong as it remains unbreached ( Freeze and Cherry, 1979). Breaches can be caused by abandoned
wells that have not been plugged, and they can be caused by natural processes, such as fractures, faults,
sinkholes and eroded parts ( USEPA, 2000). The most sengitive geologica settings for contamination
include karst, gravel and fractured rock.

The Nationd Research Council ( NRC, 1999) reported that PCR determinations of virusesin U.S.
groundwater sources showed a presence of enteric virusesin 30% of the wells tested, rotavirusesin
13% and hepdtitis A in 7% of the wdlls. Close proximity of sources of sewage to aguifers used for
drinking water purposes can be attributed to some microbiad contamination issues as 39% of well Sites
were within 50 m of a sewage source and another 27% were within 200 m of a sewage source (
AWWAREF not yet published, reported in USEPA, 2000). Reaively high levels of enteroviruses,
rotaviruses and calciviruses were found in surface water ( Husman et d. in press). Grabow et d. (in
press) reported virus detections in 24% of treated water samples derived from surface water sources.
All trested water samples had heterotrophic plate counts <100/mL, and no total or fecal coliforms/100
mL., suggesting good treatment and safe water. However, enteroviruses were detected in 17% of the
treated water samples, adenoviruses in 4% and hepatitis A in 3% ( Grabow et d. in press). Even
sengtive tests, such as the somatic and F-RNA coliphage tests did not detect the presence of virusesin
the treated water.
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An example to demondtrate the trangport of microbes by water is the rapid contamination of a farm
well. Severd fam water treatment systems were tested for chemicd and microbid remova
performance during the winter/spring of 1999 ( Peterson, 2000). At one of the farm dtes where
livestock were present in close proximity to the well, there were no signs of califorms in the raw well
water during winter. During snow melt, however, it was observed that while the soil around the large-
diameter well casing doped down, the snow around the well, melted first and literally became the lowest
part of the yard with potentia for manure-laden water to drain towards the well and possbly into the
wel. During the snow-mdt it was shown that tota coliforms went from non-detectable to around
400/100 mL of water. Rapid sand filtration would not have been able to effectively ded with this
problem, but this famer had an experimenta sysem based on a hybrid rapidldow sand
filter/Biologicdly Active Carbon (BAC) filter (Fig. 1).

500

400 A

300

200

100 A

Total coliforms (count/100 ml)

0 I I I T

Raw water After sand After BAC After RO

Figure 1: Removd of total coliformsin aground weter trestment system. Data from Peterson, 2000.
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The sand filter in this Stuation removed about a third of the coliforms and the (BAC) filter removed an
additiona 90%. Even after two large filter units using different support materias there were, however,
dill coliforms in the processed water. The farmer dso has a Reverse Osmos's membrane system (RO)
in the kitchen and there was no detection of coliforms after the RO membrane. There are, however,
few systems that are employing such extensve trestment on-fam and in smdl communities The
chdlenges that rural water users face when trying to produce safe drinking water is explored below.

Rural water treatment:

The qudity of the water that rural water trestment plants need to treet is frequently poor, with high
levels of dissolved organic carbon (DOC > 10 mg/L) and surface water reservoirs frequently suffer
from agd blooms ( Sketchell et d. 1993). Chemicdly assged filtration is typicaly a minimum trestment
requirement for municipa water trestment plants. To produce water that meets the Canadian Drinking
Water Qudlity Guiddines usng chemically assgted filtration is very difficult Snce DOC removals are low
for such trestment systems. Proper chlorination of water with DOC levels above 7 mg/L will frequently
result in trihd omethane levels exceeding 100 microgram/L and DOC leves around or below 5 mg/L are
much more suitable for drinking water production ( Peterson et a. 1993).

In addition to not being able to meet the trihd omethane guiddines many rurd water trestment plants and
individua users will encounter problems removing particles from the water including microbes. A rurd
water treatment plant serving 800 people, is used as an example of this. This water trestment plant is
pumping water from a small creek into a holding reservoir. The DOC leve is around 15 mg/L before
treatment with very smal reductions after treatment. A standard package treatment plant provides for
the chemically assgted filtration (dlum and mixed mediafilter and an upflow darifier). The qudity of the
water coming into the trestment plant, after trestment, and in the digtribution system is given (Fig. 2).
Thisis compared with the distributed water in Saskatoon.

In both the smdlest sze fraction, 2-5 um, and in the 5-10 um sze fraction, the distributed water in the
rurd community had one thousand times more particles than the City of Saskatoon. These fractions can
include pathogenic parasites, such as Giardia and Cryptosporidium. The qudity of the raw weter is
quite smilar to the treated water and for severa size fractions the qudity of the digtributed weter is
worse than the rawv water. Aggressve cleaning of didribution system lines and modifications to the
trestment has improved the Stuation, but to produce high qudity, safe drinking water from extremely
chdlenging water sources usng smple equipment remains very difficult.

The creek from which this smal community is withdrawing weter is only flowing for afew weeks during

the spring and like many other multipurpose creeks this one is dso a recipient of sewage lagoon water
from a community upstream. Ancther disconcerting fact aobout Yellow Quill First Nations is that this
community has had a Boil Water Advisory in effect from 1995 to the present. With dissolved organic
carbon levels in excess of 15 mg/L this community cannot meet the trindlomethane guiddine ether.
However, Ydlow Quill has frequently not exceeded the trihdomethane guiddines because insufficient
levels of chlorine were typicdly used. It gppears that no federd agency hastried to serioudy implement
safe drinking water for First Nations.
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Lack of proper procedures for maintenance, water quality monitoring, and reporting makes it very
difficult to assess the extent of problems First Nations across Canada face. Combining this with poor
quality source waters, Smilar to any other rurd community, with equipment that is quite limited in the
remova of microbes and organic materiad makes on-reserve drinking water questionable in terms of
safety. A program to assess waterborne illness while at the same time implementing proper procedures
and aresearch effort to provide First Nations with solutions to these problemsis called for.

When ondite wastewater trestment systems are used, such as septic systems with leach fidds, the
potentia for this materid to reach the intake zone of a drinking water well is consgderable. In one year
in the U.S. there were more than 90,000 reported failures of septic systems ( USEPA, 1997a). Fecal
contamination can aso reach wells or surface water reservoirs through surface water runoff from
manure/sewage contaminated Sites. Recent testing of 1,000 wells in Manitoba showed that 43% were
podgitive for total coliforms, 3% for E. coli and 16% exceeded the Canadian Drinking Water Quality
Guiddines for nitrates (L. Frost, Manitoba Conservation, pers. comm). A suspected mgor cause of
unsafe water is on-gte contamination and work to determine thisis in progress.

In contradt, cities have better source waters and far better treatment facilities. The dissolved organic
carbon levels are typicdly a manageable levels with some having levels as low as 1 mg DOC/L (for
example City of Cdgary); thisis an order of magnitude lower than surface drinking water reservoirs in
Saskatchewan ( Sketchell et al. 1993). There are severa reasons for far better source waters for cities.
Cities are typicdly located close to a large lake or river. Not only is a large, deep lake, suitable for
dtorage of water with minimum deterioration (low biologica activity), but the weater entering such lakes
typicdly drains catchments with large non-agricultura portions resulting in high quality water entering the
lake. In contradt, rura water supplies are smal, shdlow, and a mgority of the watersheds are
composed of agriculturd land.

Cities dso have the financia resources to employ scientists and engineers that can optimize trestment
systems through the sdection of many different trestment units arranged in series. Trestment systemsin
cities typicaly employ processes where it takes one or two hours before the water is treated while rurd
aress often employ processes that literdly will take only a couple of minutes before the water is
consdered to be treated. The advantage of such rapid treatment is the use of smdl treatment units and
therefore a amd| foot-print of the treatment plant. Combined with rapid trestment rates are difficult
chdlenges in terms of optimization of the treatment seps. For example, coagulation and the formation
of afloc that is suitable to filter out needs to occur within seconds; this is quite a feat epecidly during
winter when the water is cold. This dso cals for rather coarse media in the filters dso redricting the
amount of particle remova that will take place.

A thorough assessment of effectiveness in terms of microbid as well as dissolved organic materia
removal needs to be made. This cannot be redtricted to specifications by the manufacturer, which
engineering companies typicaly rely on when designing water trestment plants, but it aso needs to
address the peformance of these treatment sysems in red dgtudions in actua communities.
Manufacturers typicaly test their equipment on water thet is of far higher qudity than what is available in
rurd Canada. One such “testing source” is Colorado River water againgt which al Nationd Sanitation
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Foundation products are tested; this is not a chalenging water source when compared with water from
rural Canada.

Through difficult to treat water sources, poor trestment equipment, and people that have limited training,
particles, including microbes, will form a natural part of the “trested” water; not until the distributed
water in rura aress is examined for waterborne pathogens will the extent of these problems be known.
While drinking water is a provincid mandate, safe drinking water for rurd aress in a nationd
requirement and as such will need to be addressed not only by the provinces, but aso by others levels
of government, academia, and research organizations.
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Figure 2: Particle 9ze digtribution comparing Saskatoon City water and water a Y ellow Quill First
Nations.Detecting waterborne illnesses:
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The number of identified and reported outbresks in the CDC database for surface and ground water
likely represents a small percentage of actual waterborne disease outbreaks ( NRC, 1999). There are
severd reasons for this, including, lack of active disease survalllance systems and difficulty in recognizing
small outbreaks ( USEPA, 2000). Most outbreaks may not be recognized until a sizable proportion of
the population (1-2%) becomes ill ( Craun and Caderon, 1996). The Milwaukee incidence of
cryptosporidosis (403,000 illnesses) was not recognized by hedlth authorities until it was near its pesk (
MacKenzie et d. 1994). Weaknesses in disease surveillance were evident as the outbreak was not
identified until a pharmacis derted the hedlth authorities to unusualy high sales of over-the-counter
diarrhed medicines.

When egtimating the actua cases of waterborne illnesses, the use of rather large multipliersis needed. A
study from Ontario showed that the reported cases of giardiasis need to be multiplied by at least 10 to
arive a actud numbers of clinicd infections (asymptomatic carriers were not included, Walis ¢ 4.
1998). To edimate the totd impact of a particular illness on a community, province, or a country
therefore becomes quite a chalenging propostion.

Implications of water borneillnesses:

New information links “mainstream” diseases such as diabetes, myocarditis, congenital heart disease,
meningitis, encephdlitis, and eye infections to one enteric waterborne virus, the Coxsackie B virus (
USEPA, 2000). There are more than another 140 types of pathogenic viruses in human sewage (
Husman et d. in press) with unknown incidence rates in Canadian water sources. Typicdly, physcians
will categorize dinica symptoms, but not the underlying causes. There is little known about the
occurrence of viruses in water and diagnosng waterborne vira illnesses remain a great chalenge for
physicians. The emergence of water as a mgor concern in human illness prompted Physicians for
Socid Responghility ( PSR, 2000) to declare that we have only seen the very tip of the iceberg.

The lack of high quality water sources and poor treatment practices in rurd Canada begs a question.
What portion of humartill hedth in rurd Canada (including individua users, smdl communities, First
Nations) can be attributed to waterborne illnesses?  Differences in urban vs. rurd hedth can be
summed up as shorter life expectancy and higher death and infant mortdity rates ( Watanabe and
Casebeer, 1999).

Here an examination is made of officid Canadian hedlth records for severd diseases that are caused by
microorganisms with potential waterborne transmisson paths. The microbes were sdected to be
representative of viruses, bacteria and parasites. The illnesses associated with each microbe aso
needed to be reportable in Canada. The organisms selected include one parasite with both human and
anima hosts Giardia), two bacteria which have both anima and human hogts (Campylobacter,
Escherichia coli O157:H7), one bacterium with primarily human hogts (Shigella) and one virus
(hepatitis A) with exclusvely human hogs. Because microbid illnesses affect the very young strongly,
disease data was also compared with infant mortality data. The data was generated by provincia health
departments and made available by Hedth Canada and Statistics Canada.
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While there are different transmission routes for the above organisms the importance of water can be
seen from the most recently reported U.S. health statistics (1997-98) which identified the most common
waterborne illnesses as caused by Cryptosporidium (not reportable in al Canadian provinces),
Giardia, E. coli O157:H7 and Shigella ( PSR, 2000). For 1985-1992 the bacterial agents associated
with waterborne outbresks were mainly Shigella and Campylobacter (Moe, 1996). Recreationd
water outbresks were mainly associated with Pseudomonas, Shigella and Legionella ( Moe, 1996).
All of the paraditic and bacteria pathogens sdlected are therefore important waterborne disease carriers
in their own right in addition to serving as indicators for other parasitic and bacterid illnesses. Hepatitis
A, while present in 7% of wdls studied in the U.S. ( NRC, 1999) and 3% of treated drinking water in
Europe (Grabow et d. in press), the importance of this virus in waterborne transmissions has not been
edablished. Thisis amilar to most viruses for which little data exis. Yet vird illness, as a category, is
assumed to cause five times more waterborne illnesses than bacteria ( USEPA, 2000).

DISCUSSION OF CANADIAN DATA:

Waterborneillnessesin Canada:

Giardia, E. coli O157:H7 and Campylobacter have animd and human hogts, while Shigella  manly
affects humans and hepatitis A exclusvely affects humans.  The effective dose for enteric viruses and
protozoan parasites is typicaly low with as few as 1-10 infectious units or (oo)cysts ( PSR, 2000).
Enteric bacteria generaly require higher doses ranging from 100-100 million colony forming units (
PSR, 2000) dthough E. coli O157:H7 has an edtimated infectious dose of less than 100 organisms
(Griffin and Tauxe, 1991).

It should be recognized that when a province vaccinates a large proportion of the population against a
gpecific illness, such as hepatitis A, its usefulness as an indicator organism is logt as it can be present in

the water without diciting that pecific illness in the population. In addition to the microbes sdlected for

scrutiny here, there are many other microbes that have been shown to be present in drinking water

sources, but they are not reportable illnesses in Canada (see Tables 1-3). This is therefore only a
limited survey of potentialy waterborneillnesses. It is anticipated that a much larger number of illnesses
will be reportable in the future. For example, a complication from the disease campylobacterioss,

Guillain Barre Pardysis, has only been made a reportable disease this year.

Giardiasis cases 1990-1998

The protozoan Giardia is gpproximately 5-10 um in diameter. It is therefore not anticipated that this
large organism will be present in ground weater unless it is under the influence of surface water. The
mgority of the illnesses associated with waterborne Giardia are therefore expected to originate from
consumption of water from surface water reservoirs, lakes, rivers, and creeks.

The occurrence of giardiassin the different provinces did not follow any specific trend for severd
provinces, but Alberta, BC and Saskatchewan did register lower numbers of caseswith time. In
Quebec, however, there was an increase in case numbers.  Giardiasis was not areportable disease in
Manitoba until 1997 when it reported low numbers. Typicaly when a province sarts reporting an
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illness there are annud increases until physicians and hedlth survelllance units have improved detection
processes. Indeed, the giardiass cases in Manitoba more than doubled from 1997 to 1998.

The two territories lead in terms of reported cases/1000 people. Due to the smal number of people
these numbers can fluctuate greatly making an interpretation of these rates difficult. For the provinces,
British Columbia had the highest number of Giardia cases/1000 people with Saskatchewan a close
second and then Alberta.
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Table 5: Reported cases of giardiasis per province from 1990 -1998.

Province Y ear avg |Reported
1990 [ 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998
ALTA 1354 (1453 (1131 941 | 854 | 609 | 545 | 568 | 605 | 896 0.35
BC 2235|2023 | 1767 | 1468 | 1485 | 1496 | 1301 | 1181 | 1107 | 1563 | 0.48
MAN nr nr nr nr nr nr nr 84 | 195 | 140 0.13
NB 134 | 130 | 141 | 138 | 112 | 99 | 111 | 133 | 76 | 119 0.16
NFLD 46 | 208 | 167 | 71 | 80 | 67 | 42 | 42 | 4 86 0.15
NWT 42 | 73 | 49 | 56 | 45 | 28 | 22 | 18 | 16 39 0.67
NS 119 | 174 | 116 | 108 | 113 | 107 | 138 | 92 | 96 | 118 0.13
ONT 3462 | 3754 | 2854 | 3054 | 2695 | 2695 | 2535 | 2393 | 2124 | 2841 | 0.28
PEI 18 3 13 | 11 | 13 4 9 5 9 9 0.07
QUE 688 | 641 | 676 | 748 | 701 | 794 | 934 | 899 | 983 | 785 0.11
SASK 649 | 661 | 523 | 446 | 397 | 359 | 400 | 241 | 236 | 435 0.44
YUK 39 | 48 | 49 | 22 | 28 | 37 | 22 | 21 | 18 32 1.14
Total 8786 | 9168 | 7486 | 7063 | 6523 | 6295 | 6059 | 5677 | 5519 | 7061 | 0.26

From Health Canada 2000

Campylobacteriosis cases 1990-98

The bacterium Campylobacter is associated with livestock, other animas and human waste. BC isthe
clear leader in reported cases for this bacterium with 0.76 cases/1,000 people. Ontario is number two
and PEI number three,

The compardively low rae in Saskatchewan and Manitoba is somewha puzzling as both these
provinces have large livestock industries and both provinces use drinking water sources potentialy
impacted by agriculture. Indeed, many rura water supplies have drainage basins tha drain
predominantly agriculturd arees. Thisis again an illness that can have rdatively mild clinica symptoms
and a low proportion of reported to actua cases can be expected. It would be interesting to look at
regional maps for each province and try to determine if there is a relationship between reported cases
and specific aress.

Despite typicdly mild clinica symptoms, a smdl percentage of people that contract campylobacterioss
will be afflicted by pardyss (the Guillain-Barre Syndrome).  Surveillance for Acute Haccid Paralyss is
carried out under the Canadian Paediatric Surveillance Program ( Hedlth Canada, 1999). Thisis part of
the globa polio eradication program. To edtablish if the polio virus is respongble for the parayss, a
stool sample needs to be taken within two weeks after the onset of pardyss. The number of cases
where this has been done is increasing, but needs to reach 80% to meet WHO recommendations (
Hedth Canada, 1999). The conclusions from one study are that the number of cases has increased by
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40% from 1998 to 1999, which is seen as an improvement in reporting and not an increase in the
disease ( Health Canada, 1999). Eighty-three percent of the parayss cases were diagnosed as the
Guillan-Barre Syndrome.  There is no regiond didribution data available, but a comparison of the
occurrence of thisillnessin rurd as opposed to urban areas should be conducted. There have been no

cases of pardysis caused by the wild polio virusin recent years in Canada ( Health Canada, 1999).

Table 6: Reported cases of campylobacteriosis per province from 1990 - 1998.

Province Y ear avg |Reported
1990 (1991 (1992 (1993 [1994 |1995 |1996 |1997 |1998
ALTA 842 (925 |1005 1101 [1269 {908 (893 (1183 (1374 (1056 |0.41
BC 1916 |2115 (2112 |2377 |3157 |2817 |2621 [2581 |2789 (2498 |0.76
MAN nr nr nr nr 270 257 |200 (227 |253 (241 |0.22
NB 382 (427 |297 (321 |348 (241 |258 249 (345 |319 |(0.44
NFLD 130 (102 (87 135 (123 |89 101 (109 (215 (121 |0.21
NWT 7 8 16 17 13 16 20 17 13 14 0.24
NS 223 |283 |328 (339 (312 |234 (212 |213 (214 |262 |0.29
ONT 5768 |6081 {6115 |6804 |7463 [6370 (5381 (5253 (5381 (6068 |0.60
PEI 90 |65 |79 |90 (104 (50 (43 (49 |45 |68 0.53
QUE 2151 (2478 |2086 (1989 |2412 |2461 (2816 |3447 (3333 |2575 |0.37
SASK 208 (248 |262 (256 (242 |239 |249 |207 |266 |252 |0.25
YUK 10 |9 5 8 10 |4 9 9 8 8 0.29
Total 11817|12741{12392|13437|15723|13686|12803| 13544|14236| 13483 |0.49

From Health Canada 2000

Verotoxigenic E. coli O157:H7 cases 1990-1998

It was not until 1993 that illness caused by this organism became reportable for dl of Canada.  An
outbreak in the Northwest Territories in 1991 resulted in the highest average for the entire time period
sudied. The number of cases was, however, low in the Northwest Territories apart form in 1991. A
more even didtribution of cases was evident in the provinces with their much higher population base.
PEI had the highest incidence (at 0.10 reported cases/1,000) closdly followed by Alberta (0.08) and
Manitoba (0.07). Alberta reached a low in 1994, but numbers have increased every year snce that
time.

In Ontario the average occurrenceis only 0.05 cases/1,000 people. [Editor’s note: As a result of the
Walkerton outbreak this figure will change dramatically for the year 2000.] It isindeed likely that
the number of cases will increase in every province and territory as physicians and the generd public
have been derted to the symptoms of this particular disease.

Table 7: Reported dinicaly identified illness cased by Escherichia coli O157:H7 from 1990 - 1998.
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Province Y ear avg |Reported
1990 ({1991 |1992 (1993 (1994 (1995 [1996 |1997 (1998
ALTA 247 1200 (352 (153 (108 |125 |143 |189 (256 |197 |0.08
BC Nr |nr 312 |157 |222 (196 (138 |134 |181 (191 |0.06
MAN 50 |72 |60 (81 (38 159 (104 |77 |86 |82 0.07
NB Nr |nr nr 24 |3 4 19 |23 |51 |21 0.03
NFLD Nr |7 13 6 12 7 0.01
NWT Nr (186 |3 0 7 25 0.43
NS Nr |nr 28 |21 |18 18 |37 |6 74 |29 0.03
ONT 627 |563 (433 (392 (457 |579 |462 |423 (402 |482 |0.05
PEI Nr (19 |23 |11 |12 8 10 |8 11 |13 0.10
QUE 505 |524 (383 (274 (288 |342 |301 |369 (378 |374 |0.05
SASK Nr (46 |61 |50 |31 51 |31 (36 |38 |43 0.04
YUK Nr |nr 4 0 0 0 0 0 0 05 |[0.02
Total 1438 (1616 |1672 (1173 (1183 (1494 |1247 |1273 (1484 |1463 |0.05

From Health Canada 2000

Shigellosis cases 1990-98
Shigdloss was most common on the prairies with Saskatchewan, Manitoba and Alberta having the
highest rates of disease. Low rates were even reported for the territories. Saskatchewan's case load
was greater than Quebec's and just below Ontario’s during 1992 and 1993, but cases in Saskatchewan
have since declined. Alberta reached a low of 60 cases in 1996, but the numbers steeply increased to
161 in 1997 and 274 in 1998. For Alberta and Saskatchewan 1992 and 1993 had high case numbers
and for Manitoba the highest numbers were recorded in 1993 and 1998. For many of the provinces
extremely low levels of shigdloss were recorded. New Brunswick, Nova Scotia, PEI'S case
loads/1,000 were 10% or less of Saskatchewan's.
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Table 8: Reported cases of shigellosis from 1990 - 1998.

Province |Year Reported
1990 (1991 |1992 (1993 |1994 |1995 |1996 |1997 |1998

ALTA 117 (100 |371 |424 (132 |91 60 161 |274 |192 0.08

BC 229 193 |149 (203 (239 (151 (199 |279 (251 (210 0.06
MAN 42 |46 123 |294 (142 |81 97 104 |243 |130 0.12
NB 62 13 7 2 7 9 4 12 12 14 0.02
NFLD 3 1 1 2 0 1 1 3 2 2 0.00
NWT 0 0 3 1 1 2 0 2 2 1 0.02
NS 12 8 9 8 7 9 6 10 8 9 0.01
ONT 530 (479 |576 (371 (483 |427 (318 |370 [410 (440 0.04
PEI 3 0 2 4 0 2 2 7 0 2 0.02

QUE 418 (325 (261 |309 |290 |330 (284 (474 |283 |330 |0.05
SASK 233 |99 482 (324 (128 (111 |115 |85 107 (187 |0.19
YUK 3 3 2 1 0 3 0 2 1 2 0.06
Total 1652 |1267 |1986 (1943 |1429 (1217 |1086 |1509 (1593 |1520 |0.06

From Health Canada 2000

Hepatitis A cases 1990-98

Similar to the picture for shigellosis, hepatitis A was more common in Saskatchewan and Manitoba than
any other Canadian province. Two outbreaks in the North West Territoriesin 1991 and 1992 gave this
territory an even higher average. Overdl, 19% of all hepatitis A cases were reported in Manitoba and
Saskatchewan. In 1994 Manitoba accounted for 31% of al hepatitis A cases in Canada with only
4.0% of the population, and in 1996 Saskatchewan accounted for 17% of the cases and only 3.6% of
the population. BC had the third highet ratio (0.15) with the remaining provinces being less than haf of
thisrate.

Saskatchewan's rate dropped dramaticaly in 1998, which can probably be attributed to a large
vaccination campaign. Once such a vaccination campaign has been carried out it is not possible to use
this particular illness as an indicator of potentia sanitary and unsafe drinking water conditions as the
virus can 4ill be prevdent in the environment without diciting that particular illness in the population. It
is, however, rare that a particular virus would occur in isolation and other potentially disease-causing
microorganisms may gill be of concern in communities that were previoudy affected by hepditis A.
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Table 9: Reported cases of hepatitis A per province from 1990 - 1998.

Province Y ear avg |Reported
1990 {1991 |1992 (1993 (1994 (1995 [1996 |1997 (1998
ALTA 274 (228 (303 |234 [158 (216 (197 |213 |106 (214 |0.08
BC 556 |425 (1000 (475 (281 |406 |487 |362 (385 (486 |0.15
MAN 91 (87 |95 |261 |[528 (377 (244 |95 |31 |201 |0.18
NB 5 5 1 1 4 2 8 7 5 4 0.01
NFLD 4 6 1 3 3 3 1 3 2 3 0.01
NWT 1 271 (206 |7 0 0 1 54 0.94
NS 4 3 3 3 35 12 11 15 9 11 0.01
ONT 412 (1015 (585 |496 |425 |496 (615 (450 |313 |534 [0.05
PEI 1 0 0 0 1 0 1 0 1 0 0.00
QUE 315 |681 (284 (180 (207 |445 |589 |569 (196 |385 |0.06
SASK 275 299 (209 (160 (64 103 |450 |188 (40 (199 |0.20
YUK 1 0 2 5 5 2 0 2 1 2 0.07
Total 1939 |3020 |2689 (1825 (1712 [2062 |2605 |1904 (1090 |2094 |(0.08

From Health Canada 2000

Groupsat risk for waterborneillnesses:

IlInesses caused by waterborne, pathogenic microbes are in part dependent on age and immune gatus.
Infants and the fetus are especidly vulnerable as their immune sysems have not been extensvely
developed. People with a compromised immune system, such as those recovering from operations,
people suffering from AIDS or other illnesses are dso susceptible. Children and pregnant women are
epecidly at risk ( Gerbaet al., 1996). For example, rotavirus and enterovirus infections affect mainly
children ( USEPA, 1999), severd having serious hedlth consequences (see Table 3). Gerba, et al.,
(1996) suggests that women may be at increased risk during pregnancy with potentia transmission of
Coxsackie and echoviruses from the mother to the child in utero resulting in severe illness in the
newborn. Hepdtitis and myocarditis can cause extremely high fatality rates (83%, Modlin, 1986).

Mortality rates for Type B viruses were estimated to be 0.92% for infants one month or less with much

lower rates for the rest of the population (0.04%, USEPA, 2000). USEPA recognized that mortdlity
rates for infants may be underestimated as rates of three percent have been reported (Jenidta et al.,
1984; Modlin, 1986). The increased sengtivity for infants therefore ranges from 23-75 times.
USEPA (2000) further assumes that for Type A viruses 88% of exposed children under two years of
age become sick ( Kapikian and Chanock, 1996) and for al other groups 10% was assumed (
Wenman et a. 1979; Foster et al. 1980).
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There are some pathogens that will affect adults more severely than children, such as hepatitis A and E,
but they are exceptions. The bacterid pathogen E. coli O157:H7 affects children under 5 severely
including the development of the Hemoalytic Uremic Syndrome resulting in the most common cause of
kidney falure in children ( CDC, 2000). Children are also a much higher risks of exposure to
waterborne pathogens, such as recreationd exposures from wading pools which are frequently
contaminated by enteric viruses ( Keswick et al. 1981).

Although direct evidence is lacking, it is possble that infant mortaity may be affected by exposure to
waterborne pathogens. To see whether such a hypothesis has any merit infant mortdity data for
provinces and territories in Canada are included in Table 10. In contrast to most waterborne disease
datigtics, which are not very accurate, infant mortdity is a datiic with a likdy much smdler error
margin.

The trend from 1990 to 1998 is for decreased infant mortdity rates for al provinces except for
Manitoba and Saskatchewan and two territories (Y ukon and North West Territories). In contrast to
most other provinces, Saskatchewan’s infant mortaity rate for the first four years (1990-1993), was
actualy lower than for the next four years (1994-1997). The rate increased by 13% while Alberta's
decreased by 11%. Saskatchewan's infant mortaity rate during 1994-1997 was 39% higher than
Alberta s and 50% higher than the Canadian average. 1n 1997 Saskatchewan's rate was double that of
PEI and Nova Scotia and almost double that of Albertaand B.C.

It is recognized that infant mortdity is clinicaly identified as congenitd abnormadities, perinata
conditions, injury, Sudden Infant Death Syndrome (SIDS), infectious diseases as wdl as children dying
from causes that have not been clinicaly established. It should, however, be noted that microorganisms
that can be waterborne can cause both perinatd complications, congenitadl anomdies and indeed
myocarditis. One microorganism aone, the Coxsackie B virus, is capable of inducing dl these
conditions. Therefore, whileit is possble to clinicaly categorize infant death data, the underlying causes
of infant mortality data remains to be established. Determinations of severd different viruses that are of
high concern for infants and the fetus, such as Coxsackie B virus and echoviruses, should be carried out
before water can be ruled out as a possible cause of desth.
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Table 10: Infant mortdity rates 1990 - 1997 (caculated as number of deaths of children less
than one year of age per 1,000 live births).

Province Y ear avg
1990 |1991 (1992 |1993 |1994 (1995 |1996 (1997
ALTA 8.0 6.7 7.2 6.7 |74 7.0 6.2 (4.8 6.8
BC 75 6.5 6.2 57 163 6.0 51 |47 6.0
MAN 8.0 6.4 6.8 71 |70 7.6 6.7 7.5 7.1
NB 7.2 6.1 6.3 72 |54 (48 |49 5.7 6.0
NFLD 9.2 7.8 7.1 78 |82 7.9 6.6 52 75
NWT 120 |122 (167 |96 |[146 |13.0 |[122 |109 |12.7
NS 6.3 5.7 6.0 71 |60 |49 56 |44 5.8
ONT 6.3 6.3 5.9 6.2 |6.0 6.0 5.7 55 6.0
PEI 6.0 6.9 1.6 91 |64 |46 |47 |44 55
QUE 6.2 59 5.4 57 |56 55 |47 5.6 5.6
SASK 7.6 8.2 7.3 81 |89 9.1 8.4 8.9 8.3
YUK 7.2 10.6 |3.8 79 |23 128 |0.0 8.4 6.6
CANADA 6.8 6.4 6.1 6.3 |6.3 6.1 5.6 55 6.1

From Statistics Canada 2000

Water bor ne disease occurrence - a summary:

For the five reportable diseases discussed here, giardiass, campylobacterioss, E. coli O157:H7,
shigelloss, and hepatitis A, the three provinces with the highest reported cases/1,000 have been
compiled together with the infant mortality data (Table 11). Manitoba could only be judged for four of
the five diseases as it did not gtart to collect giardiasis data until 1997. Cryptosporidium is a prominent
parasite with a potential waterborne transmission path, but it is not reportable in al provinces and could
therefore not be used in this assessment. Other waterborne microbes that can cause a host of illnesses,
such as the enteric virus Coxsackie B, are not reportable and could therefore neither be used in this
assessment. The number of illnesses that can be potentidly waterborne was therefore limited to five
diseases. There are other modes of transmission for al of these illnesses, such as person to person and

through contaminated food, but their rdative importance is not known.
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Table 11: Three provinces with the highest numbers of reported illness from 1990 to 1998 for
giardias's, campylobacterioss, E. coli, shigdlogs, hepatitis A and infant mortdity (1990-1997)

Giardiass Campylobacteriosis | E, coli|Shigellosis HepatitisA |Infant
0157:H7 mortality

Reported Reported Reported Reported Reported Deaths/1000 live

cases/1000 cases/1000 cases/1000 cases/1000 cases/1000 births

BC 0.48 |BC 0.76 PEI (0.1 [SASK |0.19 |SASK [0.2 |SASK (83

SASK [0.44 [ONT |0.6 AB |0.08 [MAN |0.12 |MAN |0.18 |NFLD |7.5

AB 0.35 |PEI 0.53 MAN [0.07 |ALTA |0.08 |BC 0.15 (MB 7.1

Apart from campylobacterioss, which is most prevadent in BC, Ontario and PEI, al other potentialy
waterborne illnesses reviewed are dominated by the three prairie provinces.  Although definitive
evidenceis lacking, it is possble that drinking weter isin part reponsible for this. The prairie provinces
are unique in Canada in that a large proportion of the rural population relies on water from dugouts and
shdlow agquifers that drain or are recharged from agricultura fields and areas with rdatively high levels
of livestock. The most populated parts of these three provinces are in a semi-arid climatic region with
evgporation exceeding precipitation resulting in a high concentration of organic materia in smal surface
water reservoirs ( Sketchdl et a. 1993) and in some aquifers.

This results in water that is difficult to disinfect as part of the disnfectant is consumed in reactions with
the dissolved organic materid rather then killing microbes. In addition, these reactions cause excessve
formation of disinfection by-products that can be carcinogenic. Other forms of water supplies on the
prairies include an extensve network of low-pressure water pipelines distributing “raw” water to rurd
users. This water may have received some form of trestment, but the “raw” designation Smply means
that no monitoring or regular maintenance is required. The qudlity of rura drinking water on the prairies
is questionable and may be linked to the high levels of potentidly waterborne illnesses and potentidly to
infant mortaity aswell.

Infant mortaity in rural areas in Canada is around 40% higher than in urban aress ( Watanabe and
Casebeer, 1999) pointing to some generaized problems, one of which may be unsafe drinking water.
The severity of specific waterborne illnesses in infants (and even in the fetus) due in part to undeveloped
immune systems cdls for a critica assessment of risks and cause of deeths for infants in rura Canada.
Within urban areas correlations between income and infant mortdity have been established with low
income aress having higher rates ( Wilkins et d., 1991). High infant mortalities have aso been ascribed
to First Nations ( Hedth and Welfare Canada, 1988; Morrison et d.,1986). First Nations can,
however, dso be conddered as part of the rurd population facing smilar limitations as other rurd
people (individua users and smdl communities) having difficulties in producing safe drinking weter.

It is recognized that other causes of mortality, such as cancer, cardiovascular diseases, injuries etc. are
higher in rurd areas ( Watanabe and Casebeer, 1999) and may be related to different determinants of
hedlth (education, income/poverty, unemployment, use of tobacco products, access to hedth services
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etc.). Itisactudly quite conclusive that severd of these diseases including cancer and cardiovascular
disease may dso have waterborne causes. For example, it is not possible to chlorinate water from most
surface water sources and many ground water sources on the Canadian prairies without the generation
of cancer-causing trindomethane levels wel above Canadian Drinking Water Qudity Guiddines (
Peterson et d. 1993). Considering that other types of carcinogenic disinfection by-products, such as
hal oacetic acids, do not have guidelines in Canada, excess levels of severa cancer-causing substances
in rurd drinking water is to be expected. Inflammation of the cardiac muscular tissue (myocarditis) has
been associated with the Coxsackie B virus (Klingd et d., 1992). This is especidly of concern
consdering 41% of dl deathsin ederly people are associated with the heart ( NRC, 1999).

Even in countries, such as the U.S, that have invested large resources to improve smal community
treetment systems, the facts are not encouraging. Ninety-sx percent of systems violating the Tota
Coaliform Rule serve communities of 10,000 or fewer people with the highest violaions among sysems
serving 500 people or less ( NRC, 1997).

Canada is done in the developed world to have transferred the safety of the drinking water to a lower
level of government. Drinking water is a provincid respongbility, but many provinces, lacking
resources, have moved responsbility even further down the line to the municipd level. While this may
be appropriate for resource-rich cities, it has left rurd areas with few means to produce safe drinking
water. Thisis, however, providing an excdlent opportunity for hedlth protection research and may be
an important avenue to effectively reduce rurd illness. Canada s average infant rate of mortdity around
6.0/2000 would, if rurd infant mortality was improved, come closer to countries that have been able to
maintain infant mortaities around 4.0/1,000. Individua hedlth digtricts in Saskatchewan reached infant
mortality rates as high as 19.0-20.6/1,000 ( Saskatchewan Hedlth, 2000). Although, we don’t know
the exact proportion of illness that can be attributed to water as other modes of transmisson are dso
possible. Aswe find out more about waterborne transmission of disease what we are able to determine
as waterborne at the present time is only the very tip of the iceberg ( PSR, 2000). Can we afford to
ignore the possibility of a connection between poor rura water quaity and higher infant mortality?

CONCLUSIONS:

Poor qudlity rura water sources, combined with ineffective water trestment, results in the consumption
of unsafe drinking water by many rurd citizens. Presently used methods to detect unsafe drinking water
conditions (presence of coliform indicator bacteria) has only successfully detected around one-third of
waterborne outbreaks emphasizing the need to implement trestment (remova of microbes) sandardsin
addition to water andyds requirements. Presence of pathogenic viruses, bacteria and protozoan
parasites in rurd water is a consegquence of the proximity to contamination sources whether on-farm or
inasmdl rura community. People with under-developed or weakened immune systems are especialy
vulnerable to pathogen exposure with infants having risk factors that can be orders of magnitude greater
than hedthy adults. Diseases associated with the presence of one potentidly waterborne virus
(hepatitis A), three bacteria €. coli O157:H7, Campylobacter, and Shigella) and one protozoan
parasite (Giardia) were more common in Manitoba and Saskatchewan than in other Canadian
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provinces. Manitoba and Saskatchewan aso had Canada s highest infant mortdity rates over an eight-
year period (1990-1997). It is possible that part of this high infant mortality may be explained by the
use of especidly poor quaity water in rurd areas of both of these provinces. Rurd Canada as a whole
has infant mortality rates that are 40% higher than urban Canada suggesting a generdized problem that
may be connected to pathogenic viruses, bacteria and protozoan parasites that cannot be effectively
removed with existing weater trestment systems.

There is an urgent need to identify the presence of viruses, bacteria and protozoan parasites in rurd
water sources. Strategies for reducing those populations need to be developed. 1t will aso require the
development of water trestment technologies that can form effective barriers for these microbes.
Removadl rates in excess of 1,000-fold needs to be achieved. Other water qudity concerns include the
high leves of dissolved organic materid in rurd water supplies. Thisimpairs the disinfection process as
well as increasing the formation of carcinogenic disinfection by-products. Trestment techniques, that
can remove disolved organic materid in a sustainable fashion, are therefore also required. Remova
rates ranging from 2-10 mg DOCI/L are required. Epidemiological studies should be carried out both as
atool to detect water quaity concerns for specific communities and to establish the extent by which
water isarisk factor in the development of human illness

The Safe Drinking Water Foundation has started to develop and adopt methods to determine non-
pathogenic and pathogenic microorganisms in rura water supplies. We expect to be able to assess
different types of source waters with the intention of finding solutions that can be used in rurd aress to
produce safe drinking water in Canadaand elsewhere. Asstated by Watanabe and Casebeer (1999):
“Research mugt be an agent of change, not just areport on ashdf. How can we trandate research into
action”, they continued “Univergties must look a becoming more rdevant to communities’. There is
ample opportunity to extend this to government agencies a dl leves While water is a provincid
mandate, solutions to rurd water quality, is a nationd requirement and as such federd, provincid, and
municipa agencies need to work together with scientists from Canada and around the world to make
saferurd drinking water aredlity.
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provincid magazines dealing with rurd issues and it is through combined efforts we hope that rurd
drinking water quality will, in the future, reach aquality smilar to city water.
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