7.2.2.1 Disinfection Units. Chlorinators and ozonators are devices that administer a given dose of
disinfectant that works by the mechanisms described above. Ultraviolet (UV) irradiators are also
disinfection units that may be installed as a POU device. UV light is short wavelength radiation
with a wavelength between 180 nm to 400 nm that inactivates microorganisms DNA (Gabler, 1988).
Limitations with UV disinfection units are that turbidity limits their effectiveness, spores of Giardia
and Cryptosporidium are not killed by UV radiation, and UV units require electricity and significant
supervision and maintenance (Jacobsen, 1994; Culotta, 1989). Distillers can also be considered
disinfection units because the distillation is a process whereby water is heated in a flask and the
steam is collected and condensed back into liquid form (Gabler et al., 1988). Distillation is an
effective method for the reduction of dissolved solids, metals, minerals and particles (Culotta,
1989). Furthermore, boiling the water will effectively kill microorganisms. However, distillers
have the potential to concentrate volatile organic chemicals with lower boiling points than water
(such as pesticides, chloroform, benzene, toluene and xylene) because these chemicals will boil
off with water and become concentrated in the treated water (Lester and Lipsett, 1988).

7.2.2.2 Mechanical Particle Removal Units. Adsorption units, ion exchange units, reverse
osmosis systems and a variety of filters are all examples of POU treatment devices that physically
remove particles from the water. Adsorption is the accumulation of a substance at the interface
between two phases, such as a liquid and a solid (AWWA, 1990). Activated carbon is an effective
adsorbent that has minuscule pores that increase the surface area for particle adsorption and
entrapment (Geldreich and Reasoner, 1990). Activated carbon units are effective at removing
organic chemicals, taste and odour causing compounds and chemical compounds produced by
microorganisms (Lester and Lipsett, 1988). However, activated carbon is not effective at removing
heavy metals, nitrates, dissolved iron or bacteria. In fact, using activated carbon devices may lead
to the deterioration of the microbial quality of the treated water. Bacterial colonization of
activated carbon POU devices has been well documented (Gabler et al., 1988; Geldreich er al.,
1985; Reasoner et al., 1987; Regunathan and Beauman, 1987). Furthermore, once the carbon is
exhausted, there is the potential for collected contaminants (microbial and organic) to be sheared
off and released from the filter beds leading to an increase in these contaminant levels in finished
water (Lester and Lipsett, 1988). It is for this reason that Health and Welfare Canada (1991)
insists that activated carbon units are only used “on municipally treated water or other supply
known to be microbiologically safe.”

Home water softeners are a common POU device that works on the principal of ion exchange.

Ion exchange is a process in which ions in solution are exchanged with ions of like charge located
on the surface of the solid being contacted (Montgomery, 1985). Water softeners typically remove
“hard” calcium and magnesium ions for “soft” sodium ions attached to resin beads in the softener.
lon exchange units are also effective at removing other types of contaminants. For example,
cationic softeners exchange sodium and potassium ions for calcium, magnesium, iron and
manganese ions, while anionic softeners exchange hydroxyl ions for sulfates, nitrates,
bicarbonates and chlorides (Culotta, 1989).

Reverse osmosis systems involves applying a pressure differential across a semi-permeable
membrane so that dissolved ions, molecules and solids cannot pass through, but water can
(Geldreich and Reasoner, 1990). While reverse osmosis units are very effective at removing
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heavy metals, total dissolved solids, nitrates, asbestos, and Giardia cysts, the membranes are not
effective at removing small organic molecules. Furthermore, the membrane is susceptible to
microbial degradation or breakage from excessive water pressure or chlorination (Geldreich and
Reasoner, 1990).

Filtration is a water treatment process used to remove suspended particulate matter such as clay,
silt, microorganisms and other organics (AWWA, 1990). Removal efficiency depends on the
quality of the water supply as well as the type of filter being used. There are two classes of filters:
depth filters and screen filters. Depth filters consist of an array of fibrous, granular or sintered
material that is pressed, wound or bonded together and particles are trapped throughout the whole
depth of the filter (Gabler et al., 1988). Screen filters retain all particles larger than a given pore
size on the upstream surface of the filter. The size of the mesh is the controlling factor in this
method. Membrane filter papers exist with a pore size of 0.2 m. With this small size, the filters
are capable of retaining bacteria. However, because of this small size, the filters clog rapidly and
they are expensive (Gabler et al., 1988).

There are a wide variety of portable POU drinking water treatment filters on the market that claim
to be suitable for treating contaminated drinking water for wilderness camping and international
traveling purposes. Since there are many residents in the study area that partake in traditional
living off the land wilderness activities, as part of the assessment of non-conventional drinking
water supplies, the Drinking Water Component tested a select group of portable filters. The
filters were chosen to represent the larger industry as a whole. One of the most expensive ones on
the market, the least expensive one, and a mid-price range filter were chosen. Each was from a
different manufacturer and each had a different media. The media employed was silver
impregnated ceramic (most expensive), granular activated carbon (mid-price range), and
polyethylene matrix (least expensive).

An experimental protocol was set up based on the Protocols for Point-of-Use Devices Guide
Standard and Protocol for Testing Microbiological Water Purifiers (USEPA, 1987). The filters were
tested under worst case conditions that would be expected in the NRBS area. Challenge test water
was developed that had an E. coli challenge of approximately 100 cfu/ 100mL; 20 mg/L TOC,;
180 mg/L TDS; a turbidity of 30 NTU; pH 8; and particle challenges by particles ranging in size
from Im to S0m. The basic experimental design was a two way analysis of variance with the
filter types as the treatment variable and microbial reduction, particle reduction and turbidity
reduction as the effect variables. Both the treatment and effects were analyzed in triplicate so that
variations between and within treatments could be established. The filters were manually pumped
simultaneously and effluent samples were collected at pre-determined volume throughputs.

Essentially, it was found that only the performance of the silver impregnated ceramic unit was
sufficient to meet the GCDWQ. All E.coli organisms were inactivated throughout the entire
experiment and turbidity was removed to less than 1 NTU. Particle reduction in the Cryptosporidium
and the Giardia range was 4 log. On the contrary, neither the plastic unit nor the activated carbon
unit was effective at removing E.coli; even at the first litre filtered. In fact, there was evidence of
bacterial colonization in the carbon filter. Particle reduction and turbidity reduction was also poor
for the plastic and carbon filter. However, further tests are required on the ceramic unit before it
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can be recommended for use in the NRBS area. Interested readers are referred to Armstrong et al.,
(1995) for more in-depth discussion of this experiment and for more information about the
portable filters on the market available to NRBS residents.

8.0 CONCLUSIONS

8.1  DRINKING WATER QUALITY GUIDELINES AND PUBLIC HEALTH

Water is a basic human need and it is essential to sustain life. An adequate supply of safe
drinking water is a prime requisite in the maintenance of good health. In Canada, the definition
of safety in drinking water is based on whether or not the water quality parameters of a given
water sample meets the limits outlined in the Guidelines for Canadian Drinking Water Quality.

It is assumed that if the water supply in question meets all of the recommended levels set in these
guidelines, that the quality is good and that the water is safe to drink.

Although the GCDWQ are intended to apply to all public and private drinking water supplies, in
Canada, the regulation of drinking water supplies is under provincial jurisdiction. The province
of Alberta is the only province in Canada that has adopted the Guidelines for Canadian Drinking
Water Quality as legally enforceable standards. The legalities of drinking water quality control in
Alberta are stated in Alberta Environmental Protection’s (1988) Standards and Guidelines for
Municipal Water Supply, Wastewater, and Storm Drainage Facilities as follows:

1. The water delivered to consumers shall meet the health related quality
standards as outlined in the Health and Welfare Canada Guidelines for
Canadian Drinking Water Quality. For those standards based on aesthetic
considerations, less stringent requirements may be adopted by Alberta
Environment;

2.. The water treatment system shall provide a basic level of protection against
all possible sources and types of raw and treated water contamination; and,

3. Sufficient water must be available to meet the needs of the consumers, which
may include fire protection.

In the GCDWQ, physical, chemical, microbial and radiological parameters are assigned
Maximum Acceptable Concentrations (MACs) for substances that have known or suspected health
threats. Interim Maxiumum Acceptable Concentrations (IMACs) are given to substances for which
there is insufficient information to establish a MAC and Aesthetic Objectives (AO) are assigned
to parameters that affect the acceptability of the water by consumers and so that treatment is not
compromised. Although substances with assigned AOs do not have a direct adverse effect on
health, if the concentration of a substance is well above the aesthetic objective, then there is a
possibility of a health hazard. In the assessment of drinking water quality in the Northern River
Basins Study area, the GCDWQ were used as the basis of evaluation of samples collected from
the area as well as historical water quality databases.

Another indirect evaluation of drinking water quality in the NRBS area involved the assessment of
health records. In addition to the direct comparison of drinking water sample parameters with

106



guideline values, potential waterborne disease rates were determined for each health unit district
in the study area. The results obtained in this assessment provided both an indirect indication of
the microbial quality of the drinking water, as well as insight into the general level of public
health in the study area, using waterborne disease rates as the indicator. Only giardiasis,
salmonellosis, shigellosis and Hepatitis A had enough study area data for analysis. The cases of
giardiasis appear to be higher in the NRBS area than the provincial average. The incidence of
shigellosis, salmonellosis and Hepatitis A by this comparison was not significantly greater than the
province as a whole. Therefore, it is possible that the water supply systems are inadequate in
terms of removing protozoan cysts such as Giardia. The general level of public health in the
study area compared to the rest of the province cannot be assessed with certainty based solely on
the results from this assessment of waterborne disease statistics. This is because the definition of
health there are many other influential factors to health. Also, there are several other factors that
affect whether or not an illness is correctly identified and reported. Nonetheless, it is concluded
that the risks of aquiring a waterborne disease in the study area is a concern and this risk is
correlated with the quality of drinking water consumed.

8.2  SOURCES OF DRINKING WATER

The quality of a drinking water supply is strongly dependent on the source from which it was
obtained. In the NRBS area, there are a variety of sources whereby water is obtained for consumption.
Conventional drinking water supplies are those obtained from a community drinking water treatment
facility. There are 214 conventional drinking water facilities in the NRBS area. Although there are
numerous variations and types of processe used at these NRBS treatment plants, conventional
treatment of surface water supplies typcially consists of: coagulation, flocculation, sedimentation,
filtration, disinfection and distribution steps. However, depending on the source water quality,
some of these steps may not be included or others may be added. A non-conventional drinking
water supply is defined as any drinking water supply that has not been obtained directly (either
piped delivery or distribution truck) from a conventional drinking water treatment facility.
Examples of non-conventional drinking water supplies being consumed in the NRBS area include:

1. surface water supplies such as untreated lake water, river water, dugoutwater;

2. groundwater sources such as from a well or spring;

3. environmental sources of water such as rainwater, water from melted snow or
ice, muskeg water and birch tree water;

4. bottled drinking water supplies; and

5. point-of-use treated water of any of the above listed supplies including the
further treatment of a conventional drinking water supply.

There were several assessments of the ratio of conventional to non-conventional drinking water
consumers in the NRBS area. The best estimate of this obtained by the Drinking Water Component
was that about 75 % of the people in the NRBS area received drinking water from conventional
drinking water facilities. Therefore, the remaining 25 % relied on non-conventional sources of
drinking water. This estimate was based on Census population data and on the population served
from Alberta Environmental Protection’s Facility Inventory data on all of the conventional
treatment plants. The Other Uses Component of the NRBS was involved in a thorough telephone

107



survey of residents and responses in their study indicated that for the most part, 55 % of NRBS
residents consume conventionally treated drinking water, while 45 % of the residents claim to consume
non-conventional drinking water supplies. The non-conventional sources of water reported from
the Other Uses results included: bottled water (4.4 %), well/spring water (31.0 %), lake water (2.0
%), river water (2.8 %), and dugouts (4.4 %). A final estimate of the percentage of conventional
drinking water consumption by first and second generation aboriginal elders in the NRBS area was
obtained by the Traditional Knowledge Component. In this study it was found that only 5 % of the
respondents consumed drinking water from a conventional treatment facility. The remaining 95 %
relied on non-conventional sources such as: surface water (63 %), wells or springs (4 %), dugouts
(1 %), rain or melted snow (1 %) and various (26 %). Although definite conclusions based on the
results obtained from the different study components cannot be made with certainty, the data does
show that there are many people in the study area that do not receive their drinking water from a
conventional drinking water treatment facility. The percent of the population that relies on non-
conventional supplies is likely in the range between 25 % and 55 %. However, there are some
segments of the population that may be more disposed to non-conventional drinking water
consumption. These segments possibly includes elderly people, health conscious residents, people
involved in traditional living off the land activities, cultural groups, or residents that live in remote
areas not serviced by conventional distribution systems.

8.3 CHALLENGES TO WATER QUALITY

Challenges to providing good quality drinking water exist for both conventional and non-
conventional potable water supplies in the NRBS area. For both types of supplies raw water
quality is an important indicator of finished water quality. In the case of non-conventional
supplies, sometimes raw water is the finished water. Physical, chemical, and microbial challenges
to raw water occur as a result of both natural and anthropogenic activities. Both man-made and
natural activities in a watershed have some effect on the physical parameters of NRBS waters,
including temperature changes, dissolved solids concentrations, taste, colour, odour and
appearance changes, and possibly ecosystem changes.

Chemical and microbial challenges to raw water quality as a result of natural factors are
numerous. A wide range of microorganisms can be found in NRBS waters. Furthermore, wild and
domestic animals are potential carriers of human pathogens, so even remote, pristine watersheds
away from human activity may have significant pathogenic reservoirs. Inorganic chemicals such as
metals occur naturally in water supplies as a result of contact with the earths crust via the underlying
bedrock and sediments. Other inorganic chemicals may be present in a water supply depending on
the ecosystem activity. For example, hydrogen sulphide is a by-product of anaerobic degradation
by microorganisms. Most of the organic matter that occurs naturally in NRBS water systems is
humic and fulvic substances which result from the breakdown of deposited organic material.

Significant man-made influences affecting raw water quality in the NRBS area include point-
source discharges from 140 licensed municipal sewage treatment plants, 10 pulp and paper mill
effluents, and 1 oil sands operation. Non-point source discharges into water in the study arearesult
from surface municipal runoff, agricultural inputs and changes that occur as a result of the extensive
forestry harvesting occuring in the area. Municipal sewage effluents and some farming practices
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can result in a significant release of microorganisms and input of inorganic nutrients that aid in the
eutrophication process into Northern River Basins receiving streams. A variety of organic
substances are contributed to raw water supplies in the NRBS area by agricultural pesticides, oil
sands mining eftluents, and pulp mill process streams. All of these anthropogenic influences
present a challenge to the receiving water and also to the potential treatment of these sources.
Therefore, it is vitally important to protect source waters from both bacterial and chemical
pollutants for both health and economic reasons.

The actual treatment and distribution of conventional drinking water supplies are also challenges
to drinking water quality in themselves. Tastes and odours contributed by treatment chemicals
such as chlorine, or from leaching of construction materials and piping in the distribution system,
are common physical challenges experienced by the water treatment industry. Inorganic chemical
challenges also occur in treated drinking water as a result of the addition of chemicals in the
treatment processes. For example, the common coagulant, alum, may contribute traces of
aluminum to finished water supplies. Another process that is discussed as an inorganic challenge
because of the mechanisms and associated ionic players, is corrosion. Corrosion of pipes in the
treatment plant and the distribution system is a real problem. Leaks or infiltration that can occur
as a result of corroded materials is a challenge to the supply of a good quality drinking water.
Microbial challenges are also a concern for both treated and distributed drinking water. Recently,
concern has mounted over the increased resistance that some viral and protozoan agents have to
conventional disinfectants such as chlorine. This is a challenge to conventional treatment
facilities to ensure microbiologically safe drinking water. Furthermore, the ability of
microorganisms to attach to surfaces and grow in distribution systems as biofilms is a challenge to
distributed water quality. Finally, there are also organic challenges associated with treated and
distributed drinking water. Organic disinfection by-products associated with the utilization of
chlorine in drinking water treatment has been receiving increased attention in recent years for their
potential adverse effects on health. However, the World Health Organization (1993) clearly states
that the risks associated with inadequate disinfection are great, and control of microbial
contamination must be of paramount importance and not be compromised.

84  AESTHETICS

The aesthetic quality of water is the sensory perception of how water looks, tastes, smells and
feels to the consumer. It is essentially this sensory evaluation of drinking water that is used as the
basis by which consumers judge the quality of their drinking water. Therefore, the water industry
must ensure that the water that they supply not only meets health related GCDWQ, but is also
aesthetically pleasing to satisfy the consumer. The Drinking Water Component studied off-
flavours (perceived “bad” taste or odour) in both raw and treated drinking water in the study area
using both analytical (CLSA/GC-MS) and qualitative methods (sensory assessment by FPA), as
well as a combination of the two (Olfactory GC).These three techniques all provide quite different
information, and all three have certain limitations. GC/MS results give quantitative numbers for
selected target compounds. The limitation with this is that the correct target compounds must be
chosen and currently, pulp mill effluent off-flavours are not well characterized (Kenefick et al.,
1995). OGC analyses give semi-quantitative statements about the spatial distribution of odours in
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a sample and in some cases link odour with compound. However, as in GC/MS analyses, target
compounds are required to be selected. Flavour Profile Analysis results give an overall odour and
intensity of the whole sample based on human sensory perception, but individual components
cannot be measured or quantified. However, this qualitative assessment is the most useful
representation as to what would be perceived by the NRBS residents themselves.

The main body of work completed in regards to the aesthetic quality of water in the NRBS area
focussed on the odour profile of the mainstem Athabasca River; tributaries that feed the Athabasca
River; the municipal and industrial effluents that discharge into the Athabasca River; and the
finished drinking water from sites adjacent to the Athabasca River. The study was carried out
over a two year period and samples were collected and analyzed under low flow winter conditions
both before (winter 1993) and after (winter 1994) the Alberta-Pacific Forestries pulp mill came on
stream. The flavour profile results showed that the characteristic pulp mill odour (described as
septic, resin, woody, pulp and paper and swampy) was detected 950 km downstream of Hinton in
both 1993 and 1994, although the intensity was much less in 1994. This was a result of changes
in the process so that more condensate was recovered and the bleaching process was changed
from 45 % to 100 % chlorine dioxide substitution. The AlPac mill also had a characteristic odour
similar to the Hinton effluent but less intense. The impact of the AlPac mill on the Athabasca
River could not be determined with certainty because of the background bleached kraft effluent
already in the river and because the baseline data collected in the 1993 sampling period could not
be used for comparitive purposes because of the major process changes in the Hinton mill. The
CTMP pulp mill effluents had low odour intensities and so did the sewage treatment plant
effluents. The Suncor Inc. oil sands effluent had a strong chemical and hydrocarbon odour but the
impact on the Athabasca River could not be determined. The odours of the tributary samples were
minor and did not contribute greatly to the overall odour of the Athabasca mainstem. The off-
odours detected in other samples were not detected in the treated drinking water at either Fort
Chipewyan or Fort McMurray. However, this may be a result of the masking effect of chorine.

The target compounds assessed for in the CLSA/GC-MS and OGC analysis could not, by
themselves, explain the odour character perceived by the odour panel. The main change observed
between the 1993 and 1994 sampling session by these analytical instrumental assessments was
that 246TC and 345TCV were not detected in the Winter 1994 samples (except for one 246TCA
detection). The reasons for this can be explained by the process changes in the Hinton plant. In
the Post-AlPac study, organosulphur compounds were added to the list of target compounds. The
findings suggest a link between these odourous sulphur compounds and wastewater biological
treatment processes.

Further anecdotal and individual flavour profile assessments were carried out with conventional
and non-conventional drinking water samples. Chlorine was the most common descriptor for
treated drinking water samples. Non-conventional drinking water samples were described
differently depending on the source. Anecdotal taste and odour complaints based on discussions
with drinking water treatment plant operators and informal interviews with study area residents,
were categorized. The aesthetic concerns raised included several associated with the utilization of
chlorine, seasonal turnover events, algae and other biotic growth and industrial effluent influences.
Although some of these concerns may be benign in terms of health consequences, some of the
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concerns may represent a real threat to health. Therefore, the aesthetic quality of a water source is
an important factor in the assessment of the overall quality of the supply.

8.5 ANALYSIS OF WATER QUALITY DATA FROM THE NRBS AREA WITH
RESPECT TO THE PHYSICAL, CHEMICAL AND MICROBIAL PARAMETERS
IN THE GUIDELINES FOR CANADIAN DRINKING WATER QUALITY

Three separate assessments of drinking water quality based on comparison with the MAC, IMAC
and AO limits established in the GCDWQ were carried out by the Drinking Water Component.
The first assessment involved the analysis of existing data. Existing drinking water quality data
was obtained from Alberta Environmental Protection databases including the: (1) treated water
survey data; (2) drinking water facility microbial sampling data; (3) Naquadat raw water data;
and (4) Other AEP surface water quality data. The second assessment of conventional drinking
water quality in the study area involved site visits to 38 facilities to collect samples of raw, treated
and distributed drinking water. Each sample was analyzed for selected physical, chemical and
microbial parameters which were then compared to the GCDWQ. The third assessment of
drinking water quality in the study area was of non-conventional drinking water supplies.
Information was collected based on the collection of surface water, groundwater, snow water,
bottled water and point-of-use treated water during site visits to three areas in the Northen River
Basins.  Each sample was analyzed for selected physical, chemical and microbial parameters
and compared to the limits established in the GCDWQ.

8.5.1 Physical Parameters

Historical water quality data of conventional drinking water in the study area for physical
parameters included information on the colour, pH, temperature, total dissolved solids, and
turbidity. Turbidity is the only one of these that is regulated in the GCDWQ. The MAC
guideline value for turbidity in treated water is | NTU 95 % of the time. The historical water
quality data obtained was for samples taken from the distribution system so the MAC guideline
value does not apply. However, insight into the quality is still gained by an assessment of the
results. The conclusion made from the data was that surface water facilities that serve a
population greater than 500 have significantly lower turbidities (a= 0.02) than facilities with a
population less than 500. No statistical difference was observed for the groundwater facilities.

Since the turbidity samples taken during the conventional drinking water facility site visits was a
single grab sample, these also could not be assessed for compliance with the guidelines, but a
turbidity greater than 1 NTU does indicate that the facility may have difficulty meeting the
turbidity standard. A trend was observed that the average turbidity in small hamlets or watering
points is higher than the turbidity observed in larger towns. This observation was statistically
significant (95 % confidence interval) for the watering points in the NRBS area. None of the non-
conventional surface water sources sampled during the site visits were below INTU. Based on
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this, it is concluded that turbidity is a challenge for non-conventional surface water supplies.
Although the sampling of environmental sources of non-conventional drinking water was limited,
turbidity from these sources is also expected to be high.  The 1 NTU value was met for the
bottled water samples, the point-of-use sample and for half of the groundwater samples.
Therefore, these sources are more desirable than untreated surface water.

8.5.2 Inorganic Chemical Parameters

The health regulated inorganic chemical concentrations in the historical drinking water quality
data for conventional drinking water showed that all samples taken were well within the MACs of
the GCDWQ except for a community groundwater facility that exceeded the fluoride limit due to
naturally occuring fluoride. Some aesthetic violations occurred with excesses of total dissolved
solids, sodium, manganese and iron. However, based on historical data, it is concluded that
conventional drinking water in the NRBS area, with the possible exception of fluoride, meets the
health related inorganic parameters in GCDWQ), but some facilities exceed recommended
inorganic chemical aesthetic objectives.

Non-conventional surface water supplies did not meet all of the health related guidelines
established for inorganic chemicals. Mercury levels exceeded the MAC in surface and
groundwater samples collected in the John D’Or Prairie area where high levels of naturally
occuring mercury are found. Although nitrates were not assessed in the non-conventional
samples, the high ammonia concentration in a groundwater sample suggests that nitrates may be a
problem for some groundwater supplies in the study area. This was confirmed by some NRBS
residents. Several aesthetic inorganic chemical constituents were exceeded in the non-
conventional samples collected, particularly iron and manganese.

8.5.3 Organic Chemical Parameters

The evaluation of existing data on conventional drinking water indicated that historically, the only
organic chemical to exceed MAC limits was THMs. This assessment is based on the guideline
value of 100 mg/L for chloroform, rather than the old limit of 350 mg/L.. It was found that the
MAC for THMs was only exceeded in 32 % of the facilities that rely on surface water as their
source. Only Less than 2 % of the groundwater facilities exceeded the THM guideline. There did
appear to be a trend for smaller facilities to generate higher levels of THMs than larger facilities.
This is likely the result of the poorer raw water quality of smaller centers.

The site visit data for THMs was consistent with the historical data. The samples showed that

almost 60 % of the samples taken from surface water facilities were over the limit and none of the
groundwater ones. In contrast to the trend observed in the historical data, there did not appear to
be a significant difference between small facilities and larger facilities in the generation of THMs.

These results apply to non-conventional surface water supplies. There were two assessments of
organic levels in the non-conventional samples of drinking water: total organic carbon and
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trihalomethanes.  Although TOCs are not regulated in the GCDWQ, inferences about
trihalomethane formation can be drawn from them. Typically, surface waters with higher TOCs
have more potential to form trihalomethane upon addition of chlorine than do low TOC
groundwaters. Organics may pose a problem for some bottled waters and for exhausted
activated carbon point-of-use devices.

8.5.4 Microbial Parameters

Groundwater facilities with no disinfection have a high incidence of coliform positive samples.
There was also a trend of higher coliform detection in smaller communities compared to larger
communities that had a lower percent coliform positive samples. A more pronounced difference
between the small and large facilities is noticed if the analyis of the data is such that all samples
are used (including the “percent poor” which mean overgrown or confluent growth samples.
Based on the historical data, it is concluded that small facilities produce poorer water quality in
terms of microorganisms than larger facilities. Definitive conclusions could not be drawn based on
the limited microbiological analysis of the site visit samples. However, coliforms were detected in
some of the samples.

As a result of the limited microbial sampling of non-conventional samples, definite conclusions
cannot be made. However, coliform organisms in untreated surface water were detected in all
samples. Microbial challenges are also expected for other non-conventional sources as well.

8.6  DRINKING WATER TREATMENT

There are a variety of both conventional and non-conventional treatment processes utilized in the
Northern River Basins. The effectiveness of a given process is dependent on the raw water
quality, the treatment method, the finances required and the operation and maintenance of the
system.

Small conventional drinking water facilities in the study area have weaker techological and
financial bases than larger systems in the study area. Combined with poorer raw water quality
faced by small facilities, it was found that the effectiveness of the overall treatment of water at
these sites was poorer than for larger facilities. Based on the results from an AWWA survey, it is
expected that drinking water treatment facilities in the NRBS area that serve more than 1000 have
the financial and technical expertise to manage their problems. Communities that serve between
500 and 1000 have more of a challenge and those less than 500 are in trouble. In general, the
situation for these small systems is not getting any better. Facilities are aging and the standards
are tightening and finances are dwindling. The challenges facing small systems is formidable and
innovative problem solving is necessary.

In terms of non-conventional drinking water treatment methods, when in doubt, water for
consumption should be boiled.
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9.0  SCIENTIFIC AND MANAGEMENT RECOMMENDATIONS

9.1 PUBLIC HEALTH

As has been stated, drinking water quality and public health are closely related. The assessment
of public health should continue with special attention given to the correlation of public health
with drinking water quality and drinking water supplies in the study area. This would require
additional monitoring of health records in conjunction with water quality data if possible. ~Also,
in terms of public health, the Drinking Water Component perceives that there is a need for some
public health educational programs in the NRBS area, particularly in communities where there is
a large objection to chlorination. This would be beneficial to those that turn to other supplies of
drinking water as a result of their distaste for chlorine, to know why chlorine is used, and the risks
and benefits associated with chlorinated versus unchlorinated water. Educational programs would
also be beneficial for individuals who are involved in living off the land expeditions or other
wilderness activities, so that they are provided with information with which they can make the
best decisions regarding drinking water, sanitation and hygiene during activities such as these.
Since all of these have an effect on health, good decisions in these regards would have a positive
impact on public health protection.

9.2  AESTHETICS

Since the aesthetic quality of water is the generally the basis of evaluation by which consumers
judge the safety of their drinking water, it is important that the aesthetic quality of the water in the
northern river basins continues to be monitored and assessed. In this manner, a historical
database with baseline information would be compiled. This type of historical data base would
allow an assessment of changes in the aesthetic quality of water due to new industrial
developments as well as changes in existing industrial developments. Furthermore, additional
scientific studies are required to better characterize causes of taste and odour from industrial
discharge, in particular pulp and paper wastewater discharges. This characterization may lead to
the development of new methods to reduce the taste and odour associated with these discharges.

9.3  DRINKING WATER SUPPLIES

The main recommendation in terms of conventional drinking water facilities in the study area is
that existing facilities in the study area need to optimize treatment performance so that the best
quality drinking water possible is supplied to the consumer. This is especially true for small
facilities which were found to produce poorer water quality than larger facilities. This will involve
action at several levels.

1) Existing monitoring practices should be improved so that they are more representative
of the plants performance. It must be recognized that monitoring is not only required for
compliance with water quality guidelines but also needed for process control for operation
of the facility. It is recommended that when possible finished water turbidity and chlorine
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residual should be monitored continuously. This would not only help to ensure facilities
meet set guidelines for these important parameters but also provide valuable information
for the operation of the facilities.

2) Based on monitoring results proper remedial actions should be practiced for parameters
that do not meet recommended guidelines. Results from this study indicate that many of
the facilities which produced poorer quality drinking water had done so for long periods.

3) Based on site visits and similar results in other areas it was found that much of the
difficulty that some facilities had in producing good quality drinking water can be related
to operation and maintenance of the facilities. It is therefore recommended that continuing
educational programs should be strengthened, especially for operations of small facilities.

4) It must be recognized that the quality of drinking water which the consumer receives is
not only dependent on the treatment system but also the distribution system. Although
piped distribution systems are ideal, they are not financially or technically feasible for
many of the remote areas typical in the Northern River Basin Study area. Where
trucked delivery of water is supplied, the water should be delivered to water cisterns
rather than water barrels which are still in use by some NRBS residents. This is
primarily due to concerns related to post contamination that are associated with water
barrels. Furthermore the state of the distribution system, piped or trucked, should be
monitored to ensure proper maintenance and operation.

An effective water supply system will involve the community in all aspects of decision making.
Although this is especially important during the design stages, it is also important for the
maintenance of an existing water supply system. Figure 24 illustrates a simple approach that can
be used in communities in the NRBS area in the maintenance of a successful drinking water
system.

According Figure 24, there are three main components involved in the maintenance of a
community water supply system. Community involvement is of paramount importance to the
success of any project in the community. If an outside expert is to be involved in the project, then
that person should spend time in the community getting to know the residents. During this time in
the community, public forums can be held where questions, concerns and ideas can be discussed.
The forums would also be a good time to educate residents regarding drinking water quality and
general public health. Educational programs such as these comprise the second important
component in this model.  The third main component in the maintenance of an effective water
supply program is the proper operation and maintenance of the system implemented. This is done
through appropriate selection of community members to operate the designed system and through
continued community involvement in future decisions. If a model such as this is followed in the
design of a water supply system in the study area, a safe and sustainable supply of potable water
is possible.
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Figure 24. Successful Drinking Water Supply System Implementation
(Source: Armstrong, 1995)
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Further scientific studies on non-conventional drinking water supplies in the study area and
elsewhere are necessary. More drinking water quality data is needed, as well as the extent of
consumption of non-conventional supplies. As part of the scientific investigation into non-
conventional drinking water, an epidemiological study could be carried out which would look at
waterborne disease rates in selected areas and potential links with non-conventional drinking
water consumption and / or quality. If a significant relationship was found, the results could then
be used for educational programs and determining possible solutions.

Remote access to good quality drinking water is a challenge. When possible, the best source of
drinking water for people living in remote areas away from conventional facilities is from a
protected groundwater well. If groundwater is unavailable, then other supplies should be tapped
and treated appropriately. If the safety of a given water supply is unknown or questionable, then
the water should be boiled.

Finally, it is vitally important that all present and future drinking water sources are protected from

physical, chemical and bacterial contaminants. In doing so, additional precautions are taken in the
maintenance of safe drinking water supplies in the Northern River Basins.
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APPENDIX A: REPORT SUMMARIES

REPORT SUMMARY 1

Kenefick, S.L. and S.E. Hrudey. 1994. Study of Water and Fish Tainting in Northern Alberta
River Basins - A Review. NRBS Project 4412-C1 (Report No. 52).

The purpose of this review was to identify incidence of, or the potential for off-flavour tainting of
fish and water by components discharged into the Peace, Athabasca, and Slave rivers. The main
focus was the tainting effects of effluents released by pulp mills, but there is also a brief
discussion of the role of other industrial discharges, municipal waste discharges, and non-point
sources of run-off. There is a relatively weak literature base directly related to taste and odour
problems attributable to pulp mills in the Northern Alberta river basins. However, discussions of
other pulp mill related incidents of taste and odour problems throughout the world have been
included.

There are a number of unique analytical methods used in the study of taste and odour problems
and it is critical to have a basic understanding of these methods before interpreting reports of
tainting incidents. To assist in the development of this understanding, a detailed review of
analytical methods used for the investigation of water and fish tainting problems was included.
There are a variety of chemical methods used for the isolation (extraction, adsorption and
desorption, removal of interferences), fractionation, and instrumental separation and identification
of the compounds responsible for taste and odour problems in water and fish. The problems and
limitations associated with each of these methods were discussed. It is critical to select the most
appropriate method for any specific taste and odour study in order to obtain meaningful results.

The sensory analytical techniques used for the study of taste and odour are even more unique and
are subject to variabilities caused by differing human olfactory sensitivities. A detailed review of
current sensory methods was completed. Sensory analysis is the only method of providing a
qualitative description of the tastes or odours present in a sample. however, in order to confirm
that specific chemicals are responsible for specific odours in a sample, a combination of sensory
and instrumental techniques is required. Chromatographic sniffing (olfactory GC) is the current
method of choice when integrating sensory and common instrumental techniques.

Fish tainting as a result of pulp mill discharges is well documented and there have been a number
of comprehensive reviews on the subject. Reports of fish tainting indicated that often the tainting
could not be linked to any specific compounds and off-flavours were often a result of the
combined effects of different industrial discharges into the same water body. The current state of
the fish tainting problem in Northern Alberta river basins is relatively undefined. There are 10
pulp / paper mills in the Athabasca and Peace River basins and other discharges are limited to five
non-pulp mill industrial effluents, along with numerous small municipal sewage effluents. The
combined tainting effects from multiple, diverse industrial effluents which arise in heavily
industrialized regions is not a major concern in these rivers. We have therefore focused on the
pulp mill discharges and non-industrial tainting substances (biogenic sources).

125



Although there is little definition of the specific compounds responsible for tainting problems
downstream of pulp mill effluent discharges, water tainting problems in the Northern Alberta river
basins have historically been attributed to kraft pulp mill effluents. There is significant discussion
of the effects of chlorinated compounds formed as a result of the kraft bleaching process but the
literature is not very helpful in elaborating the role of specific odour compounds produced prior to
bleaching. Early work identified a number of process streams prior to bleaching as the most
significant contributors to overall mill effluent odour. The importance of these odour sources is
dependent upon in-plant spill control and wastewater treatment efficiency but is independent of
recent improvements to the bleaching processes. Samples collected downstream from the pulp
mill in Hinton have often exceeded odour compliance levels for up to half the length of the
Athabasca River (under winter ice) since the mill was constructed. Occasional taste and odour
problems at the town of Peace River have also been attributed to upstream pulp mills. Reports of
the odour component of water quality studies for the Wapiti-Smoky River system indicate a
noticeable increase in odour attributed to kraft mill effluents during low flows (under ice).
Biological or natural sources of tastes and odours in water must also be considered as potential
causes of off-flavours and the possibility of odour synergism when these natural compounds are
combined with anthropogenic tainting compounds is likely.

Thorough (and costly) drinking water treatment processes can be effective in removing most taste
and odour compounds, provided the nature of the odour problem is understood and the treatment
processes can be optimized for the types of problems that are identified. Removal of many of the
relatively volatile, chlorinated organics often thought to be responsible for tainting problems has
been demonstrated in pulp mill wastewater treatment system studies. However, removal
efficiencies vary and systems must be operated consistently under optimum conditions if tainting
incidents are to be avoided. The preferred control method is prevention of the formation of these
odourous chlorinated organics. Chlorine dioxide substitution significantly reduces the formation
of such compounds, as does the use of hardwood. Where non-chlorine bleaching processes such
as chemi-thermomechanical pulping (CTMP) are used there have been no documented taste and
odour incidents. '

Anecdotal, historical information obtained in discussions and correspondence with various
regional fishery biologists in the Fish and Wildlife division of Alberta Environment repeatedly
indicated that, in general, people do not eat the fish caught in the northern Alberta river basins.
Similar avoidance by the First Nation’s peoples was confirmed in communications with the NRBS
Traditional Knowledge group leader. It is apparent that the concern surrounding tainting of water
and fish by anthropogenic sources such as pulp mill discharges and accidental oil sands
wastewater spills is not only based on documented problems but is also founded on expectations
of tainting associated with the existence of industrial discharges.
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REPORT SUMMARY 2

Kenefick, S.L., N. Low, and S.E. Hrudey. 1994. Annotated Bibliography on Water and Fish
Tainting in Northern Alberta River Basins. NRBS Project 4412-C1 (Report No. 52).

Bleached kraft pulp mill effluent and discharges related to other industrial developments are
known to contain odorous compounds that have the potential to cause off-flavours in water and
fish in the receiving waters. The following is an annotated list of technical reports, government
documents, books and periodical articles that document the current knowledge about water and
fish tainting in the northern river basins of Alberta. The purpose of this work is to identify
incidence of or the potential for off-flavour tainting effects of effluents released by pulp mills, but
the role other industrial developments, municipal wastes and agricultural discharges may play in
causing off-flavours is also briefly covered. A detailed annotated list of possible analytical and
sensory methods for the investigation of water and fish taste and odour problems is also included.

The references are grouped into 7 categories. The categories and the references in each category
are listed alphabetically and some references are listed in more than one section where applicable.

The division of references into categories can be summarized as follows:
1. Chemical Methods of Odorous Compound Analysis
2. Control or Treatment Options
3. Fish Tainting Relating to Non-Pulp Mill Sources
4. Fish Tainting Relating to Pulp Mill Effluents
5. Sensory Methods of Odorous Compound Analysis
6. Water Tainting Relating to Non-Pulp Mill Sources
7. Water Tainting Related to Pulp Mill Effluents
This list is by no means exhaustive but represents a very useful cross-section of literature that can

be used to gain a thorough understanding of the problems associated with off-flavours in water
and fish, especially as they relate to pulp mills in the Northern River Basins.
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REPORT SUMMARY 3

Kenefick, S.L., B. Brownlee, E. Hrudey, L. Gammie, and S.E. Hrudey. 1994. Water Odour
Athabasca River February and March, 1993. NRBS Project 4411-B1 (Report No. 42).

The purpose of this study was to determine the potential for off-flavour tainting of water and/or
fish in the Athabasca River by compounds discharged by bleached kraft and chemi-thermomech-
anical pulp mills. The opportunity to determine in-stream occurrence of common tainting
compounds prior to the startup of the Alberta-Pacific mill was exploited. This study combined
three different analytical methods commonly used in monitoring for the presence of odorous
compounds in water supplies. Two trained flavour profile panels were used to characterize the
odour of the samples, two trained analysts evaluated the samples using olfactory GC and all
samples were quantitatively analyzed for the presence of target odour compounds using GC/MS.
These three techniques all provide quite different information and all have certain limitations.

The flavour profile panel work, involving two independent panels, clearly indicated an impact of
Hinton combined effluent on the odour of the Athabasca River for substantial distances downstream.
The odour contributions to the Athabasca River from tributaries were minor. The odour contributions
from other effluent sources (sewage treatment plants and chemi-thermomechanical pulp mills) were
less distinctive than the Hinton combined effluent and their role in affecting downstream odour is
not as clear. Notwithstanding these observations, the observed impacts on raw water odour could
not be detected in the treated drinking water at Ft. McMurray, possibly because of removal of
odorous compounds in treatment and / or masking of the raw water odour with chlorinous odours.
The raw water supply at Fort Chipewyan was not particularly odorous and the finished water
exhibited a very strong chlorine odour that would have masked any subtle odours present. The
CLSA-GC/MS for target compounds also suggests that there was limited contribution of odour
compounds from the tributaries. None of the effluent samples, including the Hinton combined
effluent, contributed substantial concentrations of the target odour compounds to the Athabasca
River, with the possible exception of geosmin. Notwithstanding these findings, there was a very
distinctive rise in 3,4,5-trichloroveratrole and a measurable, but less distinctive rise in 2,4,6-
trichloroanisole in the Athabasca River downstream of Hinton. Because neither of these
compounds were present in substantial concentration in the Hinton combined effluent, and their
concentrations increased downstream of Hinton, there is not a simple explanation for a possible
role of this effluent source in the observed Athabasca River system concentrations for these
compounds. In any case, none of the target odour compounds, by themselves would explain the
odour character that was perceived by the flavour panel in the Hinton combined effluent and
affected downstream samples, The OGC should have provided a separate approach to account for
non-target odorous compounds that might explain the odours perceived by the flavour panel.
However, there were very few extra odour peaks detected by OGC with perhaps only a sulfury /
septic odour and a sulfury / mercaptan / crude oil odour that were likely to have contributed in
any substantial way to the pulp mill odour character. Identifying these compounds would likely
assist the odour characterization process, but there are likely other contributing compounds that
have not yet been detected by the methods employed in this survey. This possibility suggests the
need for a better characterization of the compounds that are primarily responsible for creating the
odour of pulp mill effluents.
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REPORT SUMMARY 4

Kenefick, S.L., B.G. Brownlee, E. Hrudey, G. Mclnnis, and S.E. Hrudey. 1994. Water Taste and
Odour Study. Athabasca River 1994 (Post AlPac). NRBS Project 4413-C1 (Report No. 114).

The purpose of this study was to determine the potential for off-flavour tainting of water and/or
fish in the Athabasca River by compounds discharges from bleached kraft and chemi-
thermomechanical pulp mills. This study combined three different analytical methods commonly
used in monitoring for the presence of odorous compounds in water supplies.. A trained flavour
profile panel was used to characterize the odour of the samples, two trained analysts evaluated the
samples using olfactory GC and all samples were quantitatively analyzed for the presence of

target odour compounds using GC/MS. These three techniques all provide quite different
information and all have certain limitations.

The flavour profile panel method is most appropriate when monitoring for the presence of
compounds that will lead to public complaints, relies on varying sensitivities to certain odours,
and does not easily allow for reporting the presence of specific compounds. Consistency and
specificity of the odour profile panel results require rigorous training in the recognition of target
compounds and assignment of appropriate intensities.

The olfactory GC technique is useful when there are a number of odorous compounds present in a
sample. The GC accomplishes the separation of each of the odour compounds and still allows for
olfactory detection. The sensitivity of this method is limited by the dilution of odours by the inert
carrier gas as well as the small volumes of sample that can be injected for capillary gas
chromatography. The extraction of the samples using CLSA offers a ten thousand fold
concentration of the sample so that these sensitivity problems are partially offset.

The analyses by gas chromatography with mass selective detection was the most quantitative
analytical method, but also the least sensitive. To increase sensitivity of the instrument a selected
ion monitoring program was set up to monitor the abundance of certain ions that are known to be
present in the mass spectra of the target compounds. Sensitivity is increased because rather than
slowly scanning for all possible ions, the detector scans many more times and much more rapidly
for the small group of selected ions. However, the analyses are then limited to monitoring for the
chosen target compounds. Any odorous non-target compounds, which may significantly
contribute to the odour of a sample, will not be reported.

The flavour profile panel work, shows a decrease in the impact of Hinton combined effluent on
the odour of the Athabasca River compared with the 1993 survey. The contribution from the
Alberta Pacific discharge was even smaller than the Hinton contribution. The odour contributions
to the Athabasca River from tributaries were minor. The odour contributions from other effluent
sources (sewage treatment plants and chemi-thermomechanical pulp mills) are less distinctive than
the Weldwood and AlPac mills and their role in affecting downstream odour is not as clear.
Notwithstanding these observations, the observed impacts on raw water odour could not be
identified for the treated drinking water at Fort McMurray, possibly because of removal of
odorous compounds in treatment and/or masking of the raw water odour with chlorinous odours.
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The raw water supply at Fort Chipewyan was not particularly odorous and the finished water also
exhibited a strong chlorine odour that would have masked any subtle odour present.

The CLSA-GC/MS and OGC results suggest that there were very limited contributions to the
odour of the samples by the target compounds. None of the target odour compounds, by
themselves, can explain the odour character that was perceived by the odour panel in the Hinton
combined and AlPac effluents and affected downstream samples.There are likely other
contributing compounds that have not yet been detected by the methods employed in this survey.
This suggests the need for a continued characterization of the compounds that are primarily
responsible for creating the current odour of these pulp mil effluents.
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REPORT SUMMARY 5

Emde, KM.E., D.W. Smith, and S.J. Stanley. 1994. Health Records Study. NRBS Project 4421-C1
(Report No. 54).

This document was developed to determine the historical incidence of microbiological, viral and
protozoan waterborne disease in the Northern River Basins area. An initial review of the
literature pertaining to microbiological monitoring and quality of drinking water supplies as well
as a discussion on waterborne disease transmission provides background information for the
health records assessment. In the actual health record assessment, data was acquired primarily
from health unit records from the study area and annual notifiable disease summaries provided by
Alberta Health. No actual independent, microbiological testing was performed during the course
of this study.

As a result of this research, it was concluded that:

Potential risk from microbial contaminants can be high in comparison to
potential risk from chemical contaminants.

For many pathogenic microbes there are substantial non-human reservoirs.
As a result even complete elimination of human discharges will not
eliminate the source for many pathogens.

Little data is available in the Northern River Basin Study area to assess the
microbial water quality. There appears to be a need to increase the baseline
microbiological data on surface water quality in the study area for
microorganisms other than those currently required by the Alberta
Environmental Protection.

Analysis of health records showed that there appeared to be a trend towards
higher incidence of giardiasis, salmonellosis, and shigellosis in some of the
health units, but failed to indicate if this was due to foodborne, person to
person or waterborne means of transmission.

Results also indicated that although incidence of some disease were higher,
in many cases the differences were not significant and residents generally
do not appear to have substantially higher risk from waterborne disease in
the study area compared to the rest of Alberta.
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REPORT SUMMARY 6

Prince, D.S., D.W. Smith, and S.J. Stanley. 1994. Review and Synthesis of Existing Information

on Consumptive Use of Drinking Water and Available Drinking Water Quality Data. NRBS
Project 4401-C1 (Report No. 55).

The primary purpose of this report was to gather as much existing information about drinking
water in the NRBS area as possible. Part of this task was to compile, synthesize and summarize
information regarding: (1) applicable drinking water quality standards and regulations; (2)
general drinking water quality data available for sites in the NRBS area; and (3) information on
the drinking water treatment facilities in the study area. The results from this work is presented
in a series of five appendices that include tables and figures of the summarized results.

Appendix 1 presents the results from the analysis of the Treated Water Survey drinking water
quality data. There were 460 samples taken in the NRBS area in the Treated Water Survey. For
the most part each site sampled was analyzed for 46 heavy metals and routine parameters, 58
volatile compounds, 65 semi-volatile compounds and 77 herbicides and pesticides. The data
analysis involved the grouping of treatment sites and the subsequent calculation of means and
standard deviations for each site sampled for which the parameters were above the method
detection limit. Therefore, it is acknowledged that these results may be biased high as a result of
not including values below the detection limit, but it was decided that this method was sufficient
for this summary. Each site sampled is listed in this appendix along with: (1) the source and type
of raw water; (2) the population served; (3) drinking water quality parameter in question; (4) the
mean and standard deviation for each parameter; (5) the number of samples above the method
detection limit (MDL); and, (6) the total number of samples taken.

Appendix 2 is an overall summary of the Treated Water Survey and relevant GCDWQ. The
following lists the information included for each parameter: (1) the GCDWQ value; (2) the MDL;
(3) number of samples taken in the NRBS area; (4) number of sites sampled; (5) number of
samples greater than the MDL; and (6) number of sites whose average was greater than the
MDL. This appendix also contains frequency distribution figures for regulated parameters.

Appendix 3 lists all the samples that have exceeded a GCDWQ guideline. The appendix lists the
site for which the parameter has exceeded the guideline value, whether the raw water was from a
groundwater or surface water source and the level of the parameter for which the GCDWQ has
been exceeded. From this analysis it is apparent that by far most of the parameters that do not
meet the values set in the GCDWQ are for aesthetic parameters. Chloroform and turbidity are
the only health related parameters that exceed the GCDWQ regulations.

Appendix 4 1s a summary of the conventional community drinking water treatment facilities in the
Northern River Basins. This appendix lists information for each facility including: (1) the name
of community served; (2) population and status of the community; (3) raw water source and
type; (4) volume of treated water storage; (5) treatment processes used; (6) whether or not the site
had been sampled in the Treated Water Survey. The main findings from this compilation was that
the types and varieties of treatment processes utilized in the NRBS area is extremely variable.
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Appendix 5 summarizes the differences between the raw and treated water data for all of the
NRBS samples in which both a raw and treated water sample was taken. The differences
obtained give information on the effect that the given water treatment process have on the finished
water quality. Based on this analysis it was found that while conventional drinking water
treatment processes are effective at removing or lowering the levels of some parameters (such as
turbidity), the levels of other parameters (such as chloroform) can actually increase.

Based on the results presented in the Appendices it was concluded that, in general, drinking water
quality in the NRBS area meets all applicable guidelines and regulations for the parameters
examined in this assessment. However, a number of samples did exceed GCDWQ values of
which turbidity and chloroform are the only ones that may present a risk to health. By far most
of the samples which exceeded the GCDWQ were for parameters which have aesthetic objectives
and most of these were due to the high dissolved solids associated with groundwater sources. It
was also determined in this assessment that there were several directions for further study of
drinking water in the NRBS area. First and foremost, it was determined that there was a need for
microbial information. While drinking water treatment facilities are required to sample for total
and fecal coliforms, independent microbial analysis on raw, treated and distributed water would
provide important insights into the drinking water quality. Secondly, valuable information could
be obtained from NRBS site visits. An audit of selected sites would include a sampling
component and a process analysis component. To accomplish this, samples of the raw water,
treated water and distributed water at each site would be taken. The samples should be assessed
for various physical, chemical and microbial parameters. In addition, facility operators should be
interviewed at each site which would give information about the protocol of operation versus the
actual operation, as well as information on taste and odour complaints received by the operator.
These and other facets of drinking water quality will be assessed in subsequent reports by the
Drinking Water Component.
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REPORT SUMMARY 7

Prince, D.S., S.J. Stanley, and D.W. Smith. 1995. Data Report for the Independent Assessment
of Drinking Water Quality in the Northern River Basins.
NRBS Project 4422-D1 (Report No. 115).

The World Health Organization (WHO, 1993) states that: “water is essential to sustain life and a
satisfactory supply must be made to achieve a drinking water quality as high as practicable.” The
primary purpose of drinking water treatment is the protection of public health. The quantity of
drinking water and the efficiency of treatment can be assessed through comparison to guidelines.
In Canada, the applicable document is the Guidelines for Canadian Drinking Water Quality (1993)
which has been adopted as minimum drinking water quality for licensed facilities in the province
of Alberta. Most other developed countries have similar guidelines or regulations. The World
Health Organization has also developed “Guidelines for Drinking Water Quality” (WHO, 1993)
with a primary aim of protecting public health.

To assess drinking water quality in the Northern River Basin Study area results obtained from
existing information and that obtained during this study were compared to both sets of guidelines
discussed above. Of the sites investigated many were licensed facilities by Alberta Environmental
Protection (AEP) and are required to meet as a minimum the Guidelines for Canadian Drinking
Water. Other sites although not licensed by AEP still supply water to consumers, who tend to
assure the water is of potable quality. As stated in the guidelines for Canadian Drinking Water:

“The guidelines and recommendations listed herein are intended to apply to all
drinking water supplies, public and private. ... Judicious use of the guidelines will
result in the provision of drinking water which is both wholesome and protective
of public health.”

As a result both licensed and unlicensed facilities were assessed based on comparison to
guidelines.

Based on site visits to 38 facilities, water quality analyses completed for the site visit and analysis
of existing water quality information a number of conclusions can be made on the drinking water
quality in the Northern River Basin Study area.

1. Small facilities in the study area tend to produce poorer water quality than larger facilities.
This was found to be the case in terms of microbiological quality, turbidity (a good overall
measure of treatment performance), and historical THM data.

2. As stated by the World Health Organization (1993):

“Infectious diseases caused by pathogenic bacteria, viruses and protozoa or
by parasites are the most common and wide spread health risk associated
with drinking water.”
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4.

As it is not possible or feasible to test for all pathogenic organisms, microbiological quality of
drinking water is assessed based on indicator organisms. If these indicator organisms are
present in the finished drinking water it then must be assumed that pathogens could also be
present. The most common microbiological indicator used in drinking water is the coliform
group of organisms. Due to difficulties in sampling, transporting and analysis a single
coliform positive sample may not truly reflect the microbial quality of the drinking water. As
a result the Guidelines for Canadian Drinking Water Quality (GCDWQ,1993) state that not
more than 10% of samples taken should be coliform positive. The WHO (1993) uses a more
stringent guideline of not more than 5% be coliform positive. As the number of samples in
small facilities are not great the 10% value was used in this study to assess microbial water
quality to avoid unwarranted concerns to be raised for a facility based on a couple of bad
samples. Analysis of a large database obtained from AEP of coliform results from
communities in the Northern River Basin Study area was completed. This database consisted
of roughly 270,00 total and 270,000 fecal coliform analyzes taken over the last seven years.
Of the smallest facilities, watering points, 30% of them exceeded the 10% coliform positive
guideline. If one includes samples which are considered poor by the GCDWQ (1993) this
increases to 45%. Of particular concern was the finding that a number of facilities had high
coliform positive percentages for all of the seven years the data was analyzed.

The occurrence of fecal streptococci, another indicator of fecal contamination, in 6 of the 28
surface water sites visited adds additional concern on the microbiological quality of water in
many communities in the NRBS area.

It was also found that small facilities in the study area tended to have higher turbidity than
larger communities. Although turbidity is only a measure of the clarity of water, high
turbidity has been shown to negatively impact the performance of disinfection. In addition the
most effective method of removal of protozoan cysts such as Giardia and Cryptospordium is
through physical-chemical treatment processes for which there performance can be related to
turbidity removal. The importance of turbidity as a parameter to indicate microbial quality is
evident in the USEPA using turbidity to justify pathogen removal credits in their most recent
standard. In these standards, maximum credits are earned with turbidity of £ 0.5 NTU 95% of
the time.

Results from existing data indicated that surface water facilities serving populations less than
500 have a significantly higher turbidity than facilities serving populations greater than 500.
Because these samples were obtained from the distribution system and the small number of
samples collected, compliance with guidelines could not be assessed.

During the site visits 6 of the 38 sites had turbidity greater than | NTU, which in included the
two watering points visited. These grab samples cannot be compared to standards which
specify the maximum average turbidity 95% of the time must be below 1 NTU but they
indicate that there may be problems at these sites.

Chemical parameters associated with raw water quality were found to be below guideline
values based both on existing data and site visit data. However, for disinfection by-products
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(THMs) which are produced during treatment, the site visit data found, that 60% (12 0f 21) of
the surface water sites exceeded the guideline value of 100ug/L for THM. Analysis of
existing data for THMs was complicated by the fact that most samples taken occurred under
the old value of 350ug/L. The analysis did show however, if levels remained unchanged, 20
of the 62 sites analyzed by AEP would have difficulty meeting the lower standard value that is
now in place.

Observation from site visits tended to indicate that much of the difficulties associated with
small facilities may be related to operation of the facilities. Generally this can be related to
the allotted time the operator is given to operate the facility, with smaller facilities having less
time than larger facilities. The attitude of the people in decision making positions related to
water treatment may also be an important factor. Operation performance may also be related
to training as in larger facilities the majority or sole duty of the operator is to run the facility.
As a result the opportunity for these operators to receive training is much greater. In small
facilities, the operation of the treatment facility may be one of numerous tasks the operator
may have to do. As many other tasks may be part of their daily routine the opportunity and
incentive for these operators for training tends to be less.

Based on results of this study, remedial action is required in many small communities in the
Northern River Basin Study area to bring the drinking water into compliance with current
standards which are based on the protection of public health. Many communities are currently
drinking water that may not meet Guidelines for Canadian Drinking Water Quality. Areas of
concern are both the microbiological quality of the water and high levels of disinfection by-
products. Of these the microbiological quality of the drinking water is by far of greatest
concern. Many of the small communities showed higher than acceptable levels of indicator
organisms as well as high turbidity. The occurrence of both would indicate that if pathogenic
organisms are present in the raw water source they probably will not be removed by the
treatment system.

In the time needed for remedial actions to rectify the\problems it is of utmost importance that
consumers of water be notified immediately as to the status of their drinking water with
respect to standards along with recommendations of prudent courses of action available to
them. In the case of microbiological problems that are not rectified consumers should be
advised to boil their drinking water as recommended in Guidelines for Canadian Drinking
Water Quality (1993) and World Health Organization (1993).
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REPORT SUMMARY 8

Armstrong, T.E, S.J. Stanley, and D.W. Smith. 1995. An Assessment of Non-Conventional Drinking
Water in the Northern River Basins Study Area. NRBS Project 4423-D1 (Report No. 116).

It is estimated that approximately 25 % of the residents of the Northern River Basins Study area
do not receive their drinking water from conventional drinking water treatment facilities.
Therefore, these people rely on alternative sources for their drinking water supply. This report
assesses the utilization and quality of the different non-conventional sources of drinking water that
are used by people that do not consume conventionally treated water. Some of the non-
conventional drinking water supplies utilized in the NRBS area include: (1) seif-hauled treated
water; (2) untreated surface water; (3) dugout water; (4) groundwater; (5) environmental
sources of water such as snow, rain, and birch tree water; (6) bottled water; and (7) water treated
by a variety of point-of-use technologies. There were four main research components in the
assessment of these non-conventional drinking water supplies.

First, the results of an in-depth review of the literature available on non-conventional drinking
water sources, drinking water quality and the correlation of drinking water and health is presented
in the first part of this report. Although the literature was limited on the actual consumption and
quality of most of the non-conventional sources of drinking water consumed in the study area,
substantial information exists on conventional drinking water quality as well as considerable
information on several point-of-use treatment technologies. Essentially, the best type of point-of-
use treatment depends on the raw water source. Perhaps the best point-of-use treatment method
to use on water of unknown quality is to boil it. The recommended boiling time in the literature
varies considerably from simply heating the water to 50°C to vigorous boiling for 15 minutes.
However, the majority of the authors cited a full boil for I minute as being sufficient to inactivate
most pathogens. Besides boiling, there are numerous other point-of-use treatment technologies
that employ disinfection (ultraviolet disinfection, ozonation, chlorination, iodination) and
mechanical particle removal processes (such as sedimentation and filtration). The best available
technology depends on the raw water source and likely incorporates more than one process to
provide multiple barriers to ensure adequate drinking water quality.

The second component of research regarding non-conventional drinking water in the Northern
River Basins Study are was to visit selected NRBS communities and interview residents regarding
their non-conventional drinking water practices. Remote areas around Fort Chipewyan, John
D’Or Prairie, Fox Lake and Atikameg were visited and residents were asked about the sources and
utilization on non-conventional drinking water supplies, as well as their overall drinking water
quality concerns. It was through these informal interviews that most of the information was
collected on the types of non-conventional drinking water used and how it was treated, if at all,
prior to consumption. Many of the people interviewed discussed the deterioration of some of the
surface water sources in the study area, but the majority of the concerns presented regarding
drinking water quality in this study was in regards to the addition of chlorine in the conventional
drinking water treatment process. Based on this, it was found that some people who do have
conventionally treated water delivered to their home, collect a non-conventional supply of water
for consumption such as from a nearby lake or river. This water has been called “special drinking
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water” by those consumers. It was also based on these findings that a series of population sub-
groups that may be particularly pre-disposed to consuming non-conventional drinking water was
postulated. First, those that live in remote areas not serviced by conventional drinking water
facilities are obvious consumers of non-conventional drinking water supplies. Second, some
NRBS residents may be traditional consumers of alternative drinking water supplies. Many
elderly residents may be included in this second group. Third, NRBS residents may consume
non-conventional drinking water as a result of cultural activities such as living off the land
expeditions or other wilderness activities. And the final group includes those individuals that
consume non-conventional drinking water supplies for health reasons. This may include people
that drink bottled water for its perceived health benefits as well as those that consume special
drinking water to avoid the taste and smell of chlorine in conventionally treated water.

Third, during these field trips, samples of non-conventional drinking water were collected and
these samples were analyzed for various physical, chemical and microbiological parameters.

The non-conventional samples collected included untreated lake, river and creek water, spring
water, groundwater well water, snow water, bottled water, and one sample of water treated with a
point-of-use filter. Although the number of samples collected was limited and does not allow for
absolute conclusions, several trends can be hypothesized. It was found that untreated surface
water did not meet many of the physical, chemical and microbial guidelines in the GCDWQ.
Although the groundwater samples collected met the microbiological limits in the GCDWQ, some
physical and chemical parameters may be exceeded. The bottled water samples were found to
have a very high background bacterial count and the point of use device tested was found to have
actually contributed coliforms to the influent water supply.

The fourth component in the assessment of non-conventional drinking water supplies in the
Northern River Basins Study area was to pursue research on the effectiveness on some of the
portable point-of-use drinking water treatment filters on the market. The reason for this was
because there is a very limited body of literature regarding these devices, and the claims made by
the manufacturers suggest that these units are suitable to provide a safe supply of drinking water
for wilderness campers and travelers. For the rigorous laboratory testing of these units, three
filters were chosen to represent the larger market. The filters were chosen based on the type of
filter media (carbon media, plastic media and silver impregnated ceramic media were selected),
the price range (least expensive to most expensive were tested), and each unit was from a different
manufacturer. The filters were subjected to an influent test water with a high turbidity, high
bacterial count and a high particle count. It was found that only the silver impregnated ceramic
filter was capable of reducing the turbidity, bacterial count and particle levels to below
recommended levels for supplying a safe drinking water. However, further microbiological tests
on this unit are required before it can be recommended for utilization in the study area.
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REPORT SUMMARY 9

Liem, E., D.W. Smith, and S.J. Stanley. 1995. Inorganic Contaminants Removal.
NRBS Project 4402-D2 (Report No. 88).

This review assesses the types of inorganic contaminants, the levels of inorganic contaminants and
the potential treatment processes that may be utilized for the removal of inorganic contaminants in
the Northern River Basins Study area.

The initial step in this assessment was to compile a list of the inorganic parameters regulated in
both the Guidelines for Canadian Drinking Water Quality (GCDWQ) and the World Health
Organization (WHO) Drinking Water Quality Guidelines. The list compiled included: antimony,
arsenic, barium, boron, cadmium, chloride, chromium, copper, cyanide, fluoride, iron, lead,
manganese, mercury, nickel, nitrate, nitrite, selenium, sodium, sulfate, sulfide, total dissolved
solids, turbidity, uranium, and zinc.

In order to assess the importance of these inorganic contaminants with particular relevance to the
Northern River Basins Study area, the next step in this review was to summarize the results of the
inorganic data compiled by Prince et al., (1994) in a prior study of drinking water quality in the
study area. Average concentrations of inorganic contaminants in drinking water supplies in the
Northern River Basins along with the upper and lower 95 % confidence limits were presented.
By comparing the reported levels with the guideline values from the GCDWQ and the WHO, it
can be seen that generally, in terms of inorganic contaminants, drinking water quality in the
NRBS area is of good quality. Other than turbidity, which is not really an inorganic contaminant,
the upper 95 % confidence level concentrations are all below the health related guidelines.
However, there were a number of inorganic parameters with Aesthetic Objectives that were
exceeded including iron, manganese, sodium and total dissolved solids. Nonetheless, most of
these sites with high values are good water sources, and although they do not present any health
concerns in terms of inorganic contaminants, they may have undesirable taste and odour, or other
aesthetic problems associated with them.

The final aspect of analysis of inorganic contaminants in Northern River Basins Study area waters
was to present possible treatment methods for the reduction of given contaminants. Each
inorganic contaminant was listed with the recommended treatment options, as well as the effect
that conventional treatment processes have on given inorganics. Although an individual
treatment method may be successful for the reduction of one type of inorganic, it may contribute
to the levels of other inorganics. Therefore, it is important that all types of contaminants are
considered when making decisions on water treatment. Typically, a detailed analysis is required
that considers site specific information before making significant changes in the treatment process.
As is often the case in water treatment design and assessment, pilot and bench testing is required
prior to implementing any significant changes.
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REPORT SUMMARY 10

Oke, N.J., D.W. Smith, and S.J. Stanley. 1995. Literature Review on the Removal of Organic
Chemicals from Drinking Water. NRBS Project 4402-D1 (Report No. 87).

Due to ever-increasing numbers and quantities of organic chemicals in our environment, and
public concern as to the adverse health effects of these compounds, the treatment of water to
remove organic contaminants has become important for the protection of public health. This
literature review was compiled with the intent that it be used as a guide, outlining processes that
might be implemented and the removal efficiencies that may be observed during water treatment
for the removal of organic compounds. These unit processes are generally not intended to be used
on their own, but rather as single elements in a series of processes. This concept is commonly
known as the multiple barrier treatment approach, and is necessary to obtain high quality water.

It must be emphasized that while treatment processes can significantly improve water quality,
there is no substitute for source water purity. The task of removing contaminants from a clean
supply is far simpler and economical than for a heavily contaminated source. Thus, every effort
should be made to draw water from as unpolluted a source as possible. Very few sources,
however, will provide clean enough water that no treatment is necessary, and therefore, it is in
every community’s interests to investigate the characteristics of their water supplies and the
technologies that are available to help remediate any problems encountered. This review should
therefore provide a starting point, after which testing must be done to determine how individually
selected processes and combinations will function to treat the water at a specific location.

This review is part of a series of studies by the Drinking Water Component of the Northern River
Basins Study (NRBS), whose overall task is to assess the quality of drinking water in the NRBS
area. Analysis of existing water quality has found that organic contaminants based on comparisons
to the Guidelines for Canadian Drinking Water Quality (Prince et al., 1994). The only health
related organic contaminant which was found to exceed guideline values at some sites was
trihalomethanes (THM). THMs are generally produced in the treatment process by the reaction of
chlorine, used as a disinfectant, and certain organic material from the water. Concentrations of
THMs in the finished water can generally be lowered to acceptable levels by ensuring effective
removal of organic material from the water prior to the addition of chlorine.

The goal of water treatment is to reduce possible risk associated with drinking water to an acceptable
level. Risk to public health may be posed by various organic and inorganic chemicals, microbiological
contaminants and radiological contaminants. In addition, the aesthetic quality of the water can be
very important to the consumer. This report makes up one of three literature reviews completed
as part of the NRBS. The other two review removal of inorganic and microbiological contaminants.
Although this report only considers organic contaminants, in making decisions on treatment
requirements it is important to consider all types of contaminants as trying to minimize
concentrations of one type of contaminant may actually negatively impact the removal of other
contaminants. Therefore, bench and pilot plant testing is highly recommended where there is
concern about the removal of an organic chemical. Effective processes must be matched with the
chemical species present, and then optimized for the specific water to be treated.
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REPORT SUMMARY 11

Zhou, H., D.W. Smith, and S.J. Stanley. 1995. Removal of Microbial Contaminants from
Water Treatment Processes for the Northern River Basins Communities.
NRBS Project 4402-D3 (Report No. 139)

In 1992, the Northern River Basin Study (NRBS) was established to address a number of
environmental concerns raised from the northern river basins communities. Under this umbrella,
the drinking water component was commissioned to assess the drinking water quality in the
region, identify problems to be solved and provide recommendations for improving the drinking
water quality if necessary.

After extensively analyzing the existing information with respect to the physical, chemical,
biological and aesthetic characteristics of water treatment facilities in the study area, Prince et al.,.
(1995) found that a majority of water quality violations in the NRBS area,resulted from the
microbial related contamination. Several sites violated or had poor bacterial quality more than
10% of the time. As a matter of fact, such a problem is not unique in the U.S. and worldwide
(Goodrich et al., 1992). The World Health Organization (WHO, 1993) concluded that the
microbial quality continues to be the most important for safe drinking water in order to protect
public health. Consequently, microbial control must always be of paramount importance and
must never be compromised.

This report reviews the various water treatment technologies available to remove the
microorganisms available to remove the microorganisms from raw water supplies. Discussion of
each technology included the process overview, performance, design consideration, operating and
maintenance aspects, costs and status of technology development. Specific considerations were
taken to those technologies applicable for small community systems located in the Northern River
Basins Study area. Also, the impacts of important microorganisms and relevant regulations were
examined to highlight the significance and requirements of removing microorganisms from water
treatment processes. The following conclusions were made:

1. Controlling microbial contaminants continue to be the most important considerations for safe
drinking water in order to protect public health. Among various pathogens, particular attention
should be directed to control newly recognized waterborne microorganisms such as Giardia,
Cryptosporidium and viruses. These microorganisms are often widespread in nature, have a low
infectious dose, cause high incidences of waterborne diseases, and are resistant to chlorination.

2. The use of coliforms as an indicator organism presently remains to the most sensitive and
specific way to detect microbial contamination and assess treatment efficiency. However, one
must realize their limitations in predicting the protozoa and virus contamination. It would be
desirable to include the particle size distribution determination for performance monitoring.

3. To safeguard against the contamination of waterborne pathogens, the multiple barrier approach
should be exercised whenever possible. With this approach, controlling of microbial contamination
starts from the collection of all wastes for treatment at specified sites, followed by the use of
natural self-purification capacity.In water treatment, the multiple barrier approach involves the
use of multiple water treatment processes in ensure a safe public water supply.
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10.

11.

12.

13.

The best available technologies for the removal of microorganisms in water treatment include
the filtration and disinfection. The simple disinfection using chlorine and its derivatives as the
only treatment for surface water is ineffective to prevent waterborne giardiasis and
cryptosporidiosis. An adequate pretreatment and filtration in addition to disinfection should
be implemented for all surface waters.

Pretreatment by coagulation and flocculation is necessary to obtain high microorganism
removals in filtration. It can also remove a significant portion of organic materials that
interfere with disinfection.

The filtration processes, combined with pretreatment, can remove Giardia cysts and
Cryptosporidium oocysts 99 percent or more provided that an optimum dosage of chemical
coagulant is used. The efficiency of removing viruses is over 90 percent, dependent on the
type of filtration. However, the filter ripening and turbidity breakthrough can substantially
deteriorate the effluent microbiological quality. The water treatment plants should keep the
effluent turbidity as low as possible, preferably less than 0.2 NTU.

Provided that the raw water quality is adequate, the slow sand filters, diatomaceous earth
filtration, membrane filtration and package plants are the most applicable filtration
technologies to small community systems.

The Addition of filtration aids is essential for successful removal of microorganisms by the
rapid rate filtration and direct filtration. The proper dosages should reflect the seasonal
variations in filter influent quality. The mechanisms underlying the flocculation and filtration
of microorganisms closely follows the same principles as the elimination of the colloidal and
finely dispersed substances.

Different disinfectants exhibit wide variation in inactivation of microorganisms. In general,
the their relative efficiency in descending order are ozone, chlorine dioxide, chlorine, and
chloramines. Because it is a weak disinfectant, the chloramines can only be used as a
secondary disinfectant. UV radiation is an excellent bactericide and virucide but a weak
cysticide, consequently, it is unsuitable for the disinfection of surface water.

Different types of microorganisms have different resistance to the disinfectants. It appears that
among the concerned pathogens, the cryptosporidium oocysts and Giardia cysts are the most
resistant to disinfection, followed by viruses. The bacteria are usually the most sensitive to disinfection.

Disinfection efficiency are strongly affected by the turbidity, pH, temperature, disinfectant
demand causing materials and initial mixing. To ensure the proper disinfection, it is critical to
maintain the disinfectant residuals for a period of contact time.

Most disinfectants will react with various substances in water to form the disinfection by-
products. The strategies for controlling the disinfection by-products include the source
control, precursor removal, alternative disinfectant and air striping.

At present, none of disinfectants employed in practice could solve all the problems the water
utilities are facing. The chlorination, in combination with the optimization of coagulation and
filtration, remains the most technically effective and economically feasible approach for
controlling the microorganisms from water treatment processes. When the disinfection by-
products become concerned, the alternative disinfectants such as ozone should be considered.
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APPENDIX B: Guidelines for Canadian Drinking Water Quality, 1993
Maximum Acceptable Concentrations

“Maximum Acceptable Concentrations have been established for certain substances that are
known or suspected to cause adverse effects on health”(Health and Welfare Canada, 1993).
MAC’s are derived to protect health based on the assumption of lifelong consumption of the
substance at the established guideline concentration.

Microbiological Parameters MAC Chemical Parameters (con’t) MAC (mg/L)
Total Coliforms! 0 cfw/100ml. 1,4-dichlorobenzene 0.005
Turbidity2 1 NTU DDT + metabolites 0.03

dichloromethane 0.05
Radiological Parameters MAC (Bg/1.) 2 4-dichlorophenol 0.9
Cesium-137 50 diclofop-methyl 0.009
lodine-131 10 dinoseb 0.01
Radium-226 1 diquat 0.07
Strontium-90 10 diuron 0.15
Tritium 40 000 flouride 1.5

heptachlor+heptachlor epoxide 0.003
Chemical Parameters MAC (mg/L) lead? 0.01
aldicarb 0.009 lindane 0.004
aldrin + dieldrin 0.0007 malathion 0.19
azinphos-methyl 0.02 mercury 0.001
barium 1.0 mehoxychlor 09
bendiocarb 0.04 metribuzin 0.08
benzene 0.005 monochlorobenzene 0.08
benzo(a)pyrene 0.00001 nitrate 45.0
cadmium 0.005 nitrolotriacetic acid 0.4
carbaryl 0.09 parathion 0.05
carbofuran 0.09 pentachlorophenol 0.06
carbon tetrachloride 0.005 selenium 0.01
chlordane 0.007 2,3,4,6-tetrachlorophenol 0.1
chlorpyrifos 0.09 triallate 0.23
chromium 0.05 trichloroethylene 0.05
cyanide 0.2 2,4,6-trichlorophenol 0.005
diazinon 0.02 24.5-T 0.28
dicamba 0.12 trihalomethanes 0.1
1,2-diclorobenzene 0.2 uranium 0.1

I This MAC is considered in compliance if there is less than 10cfu/100mL (and none of these are fecal coliforms) and
if no consecutive samples show the presence of total coliforms. Community systems must also not have more than
one sample per day with the presence of coliforms and cannot have coliforms present more than 10% of the time.
The water should be immediately resampled to confirm positive coliform counts if: (1) the MAC is exceeded, (2) the
total coliform background plate count is greater than 200 cfu/100mL or (3) the heterotrophic plate count is greater
than 500cfu/mL.

2 5 NTU is permitted if it can be shown that disinfection'is not compromised.
3 Radiological guidelines are currently under review.

4 At the point of consumption.

5 Equivalent to 10mg/L nitrate as nitrogen.
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Guidelines for Canadian Drinking Water Quality, 1993
Interim Maximum Acceptable Concentrations

Interim Maximum Acceptable Concentrations (IMAC) are set for substances that are assumed to
have an adverse effect on health but for which there is insufficient toxicological data to set an
MAC with reasonable certainty. Larger safety factors have been employed to compensate for the

uncertainties for these substances.

Chemical Parameters IMAC (mg/L) Chemical Parameters (con’t) IMAC (mg/L)
arsenic 0.025 metolachlor 0.05
atrazine 0.06 paraquat 0.01
boron 5.0 phorate 0.002
bromoxynil 0.005 picloram 0.19
cyanazine 0.01 simazine 0.01
1,2-dichloroethane 0.005 temephos 0.28
2,4-D 0.1 terbufos 0.001
dimethoate 0.02 trifluralin 0.045
glyphosate 0.28

Guidelines for Canadian Drinking Water Quality, 1993

Aesthetic Objectives

Aesthetic Objectives are applied to parameters that affect the acceptablility of the water by

consumers and so that a good quality of water can still be supplied. If the concentration is well

above and aesthetic objective, there is a possibility of a health hazard. The AO parameters
marked with an asterisk (*) also have assigned MAC guidelines.

Physical Parameters AO Chemical Parameters (con’t) AO(mg/L)
colour <15 TCU ethylbenzene <0.0024
odour inoffensive iron <0.3
pH 6.5-8.5 units manganese <0.05
taste inoffensive monochlorobenzene * <0.03
temperature 15°C pentachlorophenol * <0.03
total dissolved solids (TDS) <500 mg/L sodium <200
trbidity ! <SNTU sulphate <500
sulphide (as H,S) <0.05

Chemical Parameters AO(mg/L) 2,3,4,6-tetrachlorophenol * <0.001
chloride <250 toluene <0.024
copper’ <1.0 2,4.6-trichlorophenol * <0.002
1.2-dichlorobenzene * <0.003 245-T* <0.02
1,4-dichlorobenzene * <0.001 total xylenes <0.3
2,4-dichlorophenol * <0.0003 zinc' <5.0

! At the point of consumption
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APPENDIX C: Characteristics of Selected Waterborne Pathogens

ORGANISM Pathogenicity Vectors Infectious Dose Range of Potential
Symptoms Risk
Groups
None | Oppor- | Direct | Water | Food | Normal | Compromised
{(*) | tunisitic or Sensitive
BACTERIA
Acinetobacter + + + 8] N, ND 2,4 E,H, IS
species
Aeromonas + + U N,ND 3,4,5,6,7| CLE,D,
hydrophila H,IC,ID,
IS.S,0
Alcaligenes species | + + + U N, ND 2 IC, 1S, ID
Bacillus cereus + + + + =105/g ND 5 CLLE, H,
food or IC, IS, ID,
water 0,8
Campylobacter + + + + | <500cfu ND 5,9(in CLE, H,
Jejuni to special IC, IS, ID,
>5000cf cases) 0,8
u
Campylobacter + + + + | <500cfu ND 5,9 (in CLE, H,
coli special IC, 1S, ID,
cases) 0,8
Citrobacter + + + + U N,ND 3,4,5,6 CLE, H,
freundii IC, IS, ID,
0,8
Clostridium + + + + =10/g N, ND l(gas CLE,H,
perfringens food or gangrene), | IC, IS, ID,
water 2,5,6 0,8
Enterobacter + + + + 8] N,ND 3,4,5,6,7| CLE H,
aerogenes IC, IS, ID,
0,8
Enterobacter + + + + 8] N, ND 3,4,5,6,7] CLE,H,
agglomerans IC, IS, ID,
0,S
Enterobacter + + + U N.ND 3,4,56,7| CLE. H,
cloacae IC, IS, ID,
) 0,S
Escherichia coli + + + + 7to N, ND 2,3,4,5,6,1{ CILLE H,
<10%cfu 7,8 IC, 1S, ID,
by 0.S
ingestion
Flavobacterium + + + U N,ND 1,2,3,4 CLE. IC,
species IS, 1D, S
Hafnia alvei + + ? ? U N, ND 3,4,5,6,7| CLE,IC,
IS, ID, S
Klebsiella oxytoca + + + 0] N, ND 3,4,6 CLE, IC,
H, IS, ID,
S
Klebsiella ozonae + + + U N, ND 3,4,6 CLEIC,
' H, IS, ID,
S
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Klebsiella U N, ND 3,4,6 CLE,IC,
oxytoca H, IS, ID,
S
Klebsiella ozonae 8] N, ND 3,4,6 CLE,IC,
H, IS, ID,
S
Klebsiella + U N, ND 3,4,6 CLE, IC,
pneumophila H, IS, ID,
S
Legionella U N, ND 4 CLE, IC,
pneumophila H, IS, 1D,
S
Legionella 8] N, ND 4 CLE, IC,
species H, IS, ID,
S
Mycobacterium 8] N, ND 4,8,9 E, IC, IS,
avium- ID, S
intracellulare
Mycobacterium U N, ND 4,8,9 E IC, IS,
chelonae ID, S
Mycobacterium U N, ND 4,8,9 E, IC, IS,
fortuitum ID, S
Mycobacterium U N, ND 4,8,9 E, IC, IS,
gordonae ID, S
Moraxella species 8} N, ND 2 CLE. H,
IC, 1D, IS
Proteus species 9} N, ND 3,6,7 IC, ID, IS,
S
Pasteurella U N,ND 3,4,5,6 IC, ID, IS,
multicida S
Pseudomonas + U N, ND 1,2, 3,4, CI,E, H,
aeruginosa 5,6,7 IC, IS, ID,
0,8
Pseudomonas U N, ND 1,2,3,4, CLE, H,
cepecia 5,6,7 IC, IS, ID,
0,S
Pseudomonas + U N, ND 1,2,3,4, CL E, H,
[fluorescens 5,6,7 IC, IS, ID,
0,8
Salmonella + 100 - N, ND 5, 8 (in CLE, H,
species 1000 by special IC, IS, ID,
ingestio cases) 0,S
n
Serratia species 8] N, ND 1,2,3,4, CLE, H,
7 IC, IS, ID,
0,8
Shigella species + 180 by N, ND 5 CL E, H,
ingestio IC, 1S, 1D,
n 0,8
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Staphylococcus + N, ND 1,2,3,4, | CLE,H,
aureus 5,6,7 IC, IS, ID,
0,8
Staphylococcus N, ND 1,2 IC, ID, 1S
epidermidis
Streptococcus + N, ND 56 CLLE, H,
Jaecalis IC, 1S, ID,
S
Streptococcus + N, ND 5,6 CLE, H,
Secium IC, IS, ID,
S
Vibrio fluvalis N,ND 2,5,7 CL E, H,
IC, 1S, ID,
S
Vibrio N, ND 2 CLE, H,
alginolyticus 1C, 1S, ID,
S
Yersinia + N, ND 5 CLE, H,
enterocolitica IC, ID, IS,
S
AMOEBA
Acanthamoeba ? N, ND 2,8 (eg. CLE, H,
species meningitis | IC, ID, IS,
) S
Naegleria ? N, ND 8(eg. ClE, H,
Jowlerii meningitis | IC, ID, IS,
) S
FUNGI
Aspergillus + N, ND 1,4,8,9 CLE H,
species (eg. IC, ID, IS,
allergic S
response)
Cephalosporium N, ND 1,4,8.9 CLE, H,
species (eg. IC, ID, IS,
allergic S
response)
Fusariumspecies N, ND 1,4,8,9 CLE, H.
(eg. IC, ID, IS,
allergic S
response)
Penicillium N, ND 1,4,8,9 CL E, H,
species (eg. IC, ID, IS,
allergic S
response)
Rhizopus species N, ND 1,4,8,9 CLE, H,
. (eg. IC, ID, IS,
allergic S
response)
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VIRUSES
Adenovirus + + U N,ND 2,4,5 CLE, H,
IC, ID, IS,
S,0
Coxsackie virus + + U N, ND 2,4,5,8,91 CLE,H,
(diabetes?) | IC, ID, IS,
S,0
Enterovirus + + U N, ND 2,4,5,8 CLE,H,
IC, 1D, IS,
S,0
Hepatitis + + U N, ND 5,8 CLLE, H,
IC, ID, IS,
S,0
Norwalk Virus + + U N, ND 5 CLE, H,
IC, ID, IS,
S,0
Reovirus + + U N, ND 4,50 CL E, H,
IC, ID, IS,
S,0
Rotavirus + + U N, ND 5 CLE,H,
IC, ID, IS,
S,0
PROTOZOA
Cryptosporidium + + ? 1 cyst 1 cyst 5 CLE, H,
IC, ID, IS,
S,0
Entamoeba + + ? 1 cyst 1 cyst 5 CLE,H,
histolytica IC, ID, IS,
S,0
Giardia lamblia + + ? 1 cyst I cyst 5,9 (eg. CLE, H,
arthntis) | IC, ID, IS,
S,0
(Adapted from Emde et al., 1994)
1. * No documented pathogenicity for normally healthy persons
2. Risk Group Codes:
CI Children and Infants ID Immunodeficient
E Elderly IS Immumosuppressed
H Healthy S Surgery
IC Immunocompromised (@] Other (eg. previous illness, pregnancy etc)
3. Pathogenicity Codes:
U Infectious dose for normally healthy persons unknown.
ND Infectious dose for compromised persons not yet determined. n some cases the infectious
dose may be as low as one organism .
N Nosocomial infections documented.

4. Range of Symptoms Codes:

1

W AW

Skin/Hair infection 6.
Eye/Ear infection

Bacteremia/Septecemia
Pneumonia/Respiratory Illness
Gastrointestinal infection
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Genitourinary infection
7.
8.
9

Wound infections
Other types of infections (meningitis)
Chronic infection (asthma, arthritis etc)
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The Northern River Basins Study was

established to examine the relationship
between industrial, municipal, agricultural
and other development and the Peace,
Athabasca and Slave river basins.

Over four and one half years, about 150
projects, or “mini studies” were contracted
by the Study under eight component
categories including contaminants,
drinking water, nutrients, traditional
knowledge, hydrology/hydraulics,
synthesis and modelling, food chain and
other river uses. The results of these
projects, and other work and analyses
conducted by the Study are provided in a
series of synthesis reports.

This Synthesis Report documents the

scientific findings and scientific
recommendations of one of these
components groups. This Synthesis Report
is one of a series of documents which make
up the North River Basins Study’s final
report. A separate document, the Final
Report, provides further discussion on a
number of scientific and river management
issues, and outlines the Study Board’s
recommendations to the Ministers.

Project reports, synthesis reports, the Final
Report and other NRBS documents are
available to the public and to other
interested parties.
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