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ABSTRACT

This thesis was completed as part of the Northern River Easins Study project. There were
four types of research that contributed to the findings of this study. First, a /iterature
review regarding the quality, sources, and utilization of non-conventional drinking water
supplies in Alberta, and elsewhere, was carried out. Second, cxploratory social scientific
researc was undertaken by interviewing several Northern Alberta residents regarding
their drinking water quality concerns and non-conventional drinking water practices.
Third, samples of non-conventional drinking water were collected and analyzed for
various physical, chemical and microbiological parameters. The analysis done on the
samples collected comprise part of the fourth area of research which was laboratory work.
In addition to the lab analysis on the samples collected, several portable point-of-use
drinking water treatment filters were also assessed in the lab. The results of each of these

areas of research are discussed in this thesis.
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1. INTRODUCTION

1.1 Background Information

I.1.1 Conventional Drinking Water Supplies

Much of the raw untreated water that is available in Canada does not meet the limits
established in health related drinking water quality guidelines. Therefore, before it can be
considered a potable source of water, it must be treated. [n many instances, particularly in
larger settlements in Canada, drinking water has undergone considerable treatment in what
can be called a conventional drinking water treatment facility. Although there are
numerous variations and types of process components used, conventional treatment of
surface water supplies typically consists of coagulation, flocculation, sedimentation,

filtration, disinfection and distributior steps as illustrated in Figure 1-1.

s

Water Source  Coagulation  Flocculation  Sedimentation  Filtration Disinfection Distribution

Figure 1-1. Typical Conventional Drinking Water Treatment Process Train

It should be noted that not all surface water supplies are treated exactly the same. The
treatment processes used largely depends on the raw water characteristics as well as the
level of treatment desired (Jacobsen, 1994). In some cases, the source water is of such
good quality that some of the processes may be unnecessary. In other instances,
processes are added to the treatment sequence for the removal of specific contaminants.
However, some of the more sophisticated treatment techniques are not financially
available for smaller systems with limited resources, hence reasonable alternatives are
required to ensure an adequate and safe supply of drinking water (Drinking Water Health

Effects Task Force, 1989). This is particularly the case for people living in remote areas

in Canada.




1.1.2 Non-Conventional Drirking Water Supplies

Non-conventional drinking water treatment will be defined in this study as any treatment
other than the conventional type of treatment descr.bed above. In many instances, the
terni non-conventional drinking water treatment can be used interchangeably with point-of
use drinking water treatment. Some of these point-of-use technologies involve simple
processes such as boiling, chemical addition, straining or aeration while other point-of-use
technologies utilize more sophisticated devices based on disinfection or mechanical
separation. A source of noi-conventional drinking water then, is any water supply that
has not been obtained directly from a conventional drinking water treatment facility. Some
examples of non-conventional drinking water include self-hauled untreated surface water,
well water, dugout water, rain water, bottled water, and water obtained from melted snow

or ice, to name a few.

1.1.3 Northern River Basins Study

The Northern River Basins Study (NRBS) is a four and a half year study that is aimed at
examining the relationship between development and the Peace, Athabasca and Slave river
basins. The boundaries of the Northern River Basins Study enclose all areas that drain into
the Peace River, Athabasca River and the Slave River. This includes a large proportion of
Northern Alberta and parts of British Columbia, Saskatchewan and the North West
Territories. The basins and boundaries of the NRBS study area are depicted in Figure 1-2.
Eight scientific components have been set up to answer a series of guiding questions that
are central to the Northern River Basins Study. These components are (1) Traditional
Knowledge: (2) Other Uses; (3) Drinking Water; (4) Hydrology/Hydraulics/

Sediment; (5) Food Chain; (6) Contaminants; (7) Nutrients: and (8) Synthesis and
Modelling. The Drinking Water Component has devised a number of linked studies to
assess the quality of the drinking water in the NRBS area. This thesis was initiated as one

of the studies of drinking water in the Northern River Basins Study area.
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1.2 Problem Statement

An initial 1eview of pertinent fiterature found that little research has been completed in the
area of non-conventional drinking water supplies comparea to the well studied area of
conventional drinking water treatment. This is interesting considering that there are many
people living in rural remote areas in Alberta, and elsewhere, that do not have access to

convertionally treated drinking *vater.

Using the Northern River Basins Study area as an example. the extent of the potential

numbers of people that do not receive conventionally treated drinking water is illustrated:

e As of September 1994, the estimated population was 228 324
people living within the Alberta boundaries of the Northern River
Basins Study area (Ellehoj, 1995).

e Asrcported by Prince ¢r al., (1994), it was found that
approximately 171 362 of these people were reported to be
receiving their drinking water from a conventional drinking water
treatment facility.

o Based on these figures. 56 938 people. or approximately 25% of
the residents of this area. do not receive their drinking water from a

conventional drinking water treatment facility.

Consequently. in order to obtain safe potable water, people living in areas where

conventionally treated water is unavailable must find an alternate source of drinking water
and provide sore form of ireatment if necessary. Therefore, it is important to assess the
utilization and quality of alternative drinking water sources in the study area, as well as the

effectiveness of the non-conventional methods used to treat the waier.



1.3 Objectives

The overall objective of this study was to assess the quality of non-conventional drinking
water in remote northern Alberta communities. To meet this overall objective, a number

of specific objectives needed to be met first. Listed below are specific objectives of the

study:

1. Collect and compile existing information regarding non-
conventional sources of drinking water, with particular reference to
Northern Alberta. This involved a thorough review of available
literature, as well as contacting numerous people involved in

various aspects of drinking water supplies.

2. Determine the extent of utilization of non-conventional sources of
drinking water in the study area. In addition to the population
figures presented in the problem statement, an attempt was made to
suggest a series of population sub-groups that may be particularly

predisposed to using a non-conventional source of drinking water.

3. Visit some remote locations in Northern Alberta to interview
residents regarding their source of drinking water with particular
reference to their practice of consuming non-conventional drinking
water. Information gathered from the interviews provided insight
into the reasons people had for using non-conventional sources of
drinking water and what sort of treatment, if any, was applied to

the water supply prior to consumption.

4. Collect and analyze samples of non-conventional drinking water in
the study area using the same method of collection and type of

treatment as would be performed by non-conventional drinking



water users.  Once the samples were collected, the water was
assessed for various physical, chemical and microbiological
parameters in a timely and appropriate manner in order to evaluate

the auality of the water sample collected.

5. During the field work component, it was realized that many people
in the study area may spend weeks at a time /iving off of the land
without access to conventionally treated drinking water. Currently.
there are portable water treatment filters on the market that claim
to be suitable for expeditions such as these. Therefore, as a fifth
objective of this thesis. three different types of portable point-of-use
drinking water treatment filters were tested in the lab and assessed
for their effectiveness and suitability for use in remote areas in

northern Alberta.

6. The final objective of this thesis was to establish conclusions and
recommendations for further study pertaining to non-conventional

drinking water sources, quality. utilization and treatment options.

1.4 Methodological Overview

It was established early on that this thesis would be one of an exploratory nature. This
was primarily due to the fact that previous researck on non-conventional drinking water
suppiies and related water quality information was limited. Although there was some
information on alternative drinking water supplies in the developing tropical world, very
little information was found relating to northern populations. Nonetheless, many people
working in related fields in government, industry and the private sector were contacted for
their knowledge on the topic and a thorough review of the available literature was

undertaken.



Once the initial information was collected, field trips were scheduled based on
recommendations by the NRBS Traditional Knowledge Component leaders and other
residents and government officials familiar with communities in the study area. Sites were
primarily chosen based on the known utilization of non-conventional drinking water in the
area and on the willingness of the comn:unity to accept drinking water researchers into the
area. The areas chosen for site visits included isolated areas around Fort Chipewyan and
remote locations near High Level, John D’Or Prairie, Fox Lake and Atikameg. Woik in
these communities was completed with the help of a representative guide from each of the
respective areas. Upon arrival in the community, the objectives of the study were
discussed with the guide. The guides in all of the sites visited proved to be extremely
valuable due to their knowledge of community residents and their traditional ways. One
of the main requests of the guide was to suggest names of people with: whom he or she
knew used a non-conventional source of drinking water. The next step was to contact
these individuals and ask to meet with them to talk about their drinking water and perhaps
ccllect a sample. The interviews were informal and the number of interviews at each site
was very limited due in the most part to the short period of time spent in the ccmmunities.
However, insight into many people’s viewpoints was obtained even though there were
several limitations with this method of interviewing. These viewpoints and limitations are

discussed in subsequent sections of this thesis.

One of the primary objectives during the field trips was to collect samples of non-
conventional drinking water. Samples of water were taken from locations suggested by
local people as sources of non-conventional drinking water. These samples were
analyzed for various physical, chemical and microbiological parameters in a laboratory

setting following the procedures outlined in Standard Methods for the Examination of

Water and Wastewater (APHA er al., 1992). Most of the physical and chemical

parameters were analyzed in the field at the time of collection. However, some
parameters could not be analyzed in the field and samples were transported back to

Edmonton for further analysis. Samples were sent to the University of Alberta



Environmental Engineering lab within 24 hours for microbiological analysis. Metals

analysis on the samples using Atomic Adsorption technology was done by a private lab.

Based on the information gathered from residents during the first two field trips, it was
found that many of those interviewed spent a portion of their time “living off the land” in
various capacities such as hunting, fishing, and trapping to name a few. When asked what
they drank during these expeditions, many people responded that they would drink
untreated water right from the river or lake. Although it was not determined whether or
not this contributed to an illness, the risk of a gastrointestinal disease from consuming
contaminated water is high in such a situation. Therefore, three different types of portable
drinking water treatment filters were assessed in a laboratory setting to determine if units
such as these may be suitable treatment options for people involved in traditional living off
the land activities. An appropriate protocol was developed to test the units by challenging
them with a test water that had a high turbidity and a high microbial count. Appropriate
tests were performed on the influent and effluent stream and removal rates for each unit

were calculated.

Finally, the results were analyzed for each aspect of study including the literature review,
the field trip interviews, water sample analyses and the portable fiiter assessment.

Conclusions and recommendations for further study were then established for this thesis.



2. LITERATURE REVIEW

2.1 Drinking Water Quality and Health

Water is a basic human need and it is essential to sustain life. The World Health
Organization (WHO) has defined health as a fundamental human right for a state of
complete physical, mental, social and spiritual well-being (WHO, 1978). The links
between water and health are numerous and the interactions are complex (WHO, 1993).
It has been stated that an adequate supply of safe water is a prime requisite in the

maintenance of good health (WHO, 1978; Health and Welfare Canada, 1973).

A person’s health can be compromised by drinking water if the quality of the water is poor
or if the quantity of water for consumption is inadequate. It is known that enteric diseases
are generally related to poor water quality whereas diseases of the skin are related to
limited water quantity and availability (Brocklehurst e a/., 1985). The average daily
consumption of drinking water for a Canadian adult is about 1.5 litres a day
(Environmental Health Directorate, 1991). This consumption rate varies widely among
individuals dépending on attributes such as body weight, ambient temperature, diet,
activity, culture, clothing and health status (Mcjunkin, 1982). If an average person is
assumed to live for 75 years, that means that a person would consume approximately

43 172 L of water in his or her lifetime. From this, it can be seen that water can be an
important vehicle for contaminants to enter our body. Therefore, not only is water
physiologically necessary for survival, but the physical, chemica! and microbiological

constituents of the water that are consumed can significantly impact a person’s health.
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2.1.1 Waterborne Diseases

Waterborne diseases are illnesses in which a pathogen (a disease causing agent or
microorganism) enters the body as a passive component of drinking water. “Waterborne
diseases can be further categorized as those due to microbiological organisms and those
due to inanimate toxic substances suspended or dissolved in the water (McJunkin, 1982).”
Microbiological waterborne diseases are generally acute and episodic, whereas illnesses
caused by chemical agents may be acute, but normally result from long term ingestion at

low concentrations.

Waterborne “diseases caused by pathogenic bacteria, viruses, and protozoa or parasites
are the most common and widespread health risk associated with drinking water (WHO,
1993)." Sources of these waterborne organisms in a watershed include discharges from
humans, wild and domestic animals, industry and storm water runoff events (WHO, 1993:
Geldreich, 1991). The transmission of waterborne disease can be by primary or secondary
routes. The primary route of infection is through the direct consumgrion or inhalation of
water that contains the pathogen. Secondary routes of infection occur by consuming food
that is washed by contaminated water or through contact with an infected individual
(Emde er al., 1994). Disease causing microorganisms can be further classified as being
direct or opportunistic pathogens. Direct pathogens can cause disease in a normal healthy
individual. On the other hand. opportunistic organisms generally form part of the normal
micro-flora of the body, but given the correct conditions, may be capable of causing an

infection in a compromised individual (Geldreich, 1991).

A list of microbial pathogens that may be found in Northern Alberta waterbodies is
presented in Appendix A. Information on the pathogenicity, infectious dose, range of
symptoms, potential risk groups, and vehicle of transmission is included for each

microorganism.
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Despite the vast numbers of bacterial, viral and protozoan organisms that are known to
cause illness if consumed in sufficient quantities, there are still many unknown
microbiological agents of disease. There are also many cases in which an individual is sick
and may have many of the symptoms described above, but for which the etiology of the
illness is unknown. In the 1986 to 1990 notifiable disease statistics for Alberta analyzed
by Emde e7 al., (1994) one of the categories was “Unspecified Diarrhea”. This means
that an individual presented to the health care facility with diarrheal symptoms, but the
exact cause of the diarrhea was not determined. This could be because, stool and water
samples were never investigated and if they were, it could be because an ctiological agent
was not detected. Furthermore, microorganisms are not the only agents that are
responsible for diarrhea. Sometimes, excessive physical and chemical constituents of a
water supply can also cause such symptoms. However, due to the sheer number of
potential physical and chemical contaminants, interested readers are referred to Chapter 2

of the fourth edition of Water Quality and Treatment: A Handbook of Community Water

Supplies (AWWA, 1990) for more information.

2.1.2 Drinking Water Quality Guidelines

As a result of the wide variety of waterborne illnesses that can result from consuming
contaminated drinking water, considerable effort has gone into the establishment of
drinking water quality guidelines. The World Health Organization has established
drinking water quality guidelines intended to be used in the development of national
standards worldwide (WHO, 1993). The United States Environmental Protection Agency
(USEPA) has some rigorous drinking water quality guidelines and Canada has the
Guidelines for Canadian Drinking Water Quality (GCDWQ) (Federal-Provincial
Subcommittee on Drinking Water, 1993). The province of Alberta has adopted the
GCDWAQ in the regulation of drinking water quality (Prince ef al., 1995: Alberta
Environment, 1988). The GCDWQ has established limits for various physical, chemical,



microbial and radiological parameters. 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.

Within the GCDWQ, a parameter is assigned a limit if the assessment of data on the
contaminant of concern indicates a need to set a numerical guideline on the constituent:
for health or other reasons. Maximum Acceptable Concentrations (MAC) have been
established for certain substances that are known or suspected to cause adverse effects on
health (Federal-Provincial Subcommittee on Drinking Water, 1993). MAC's are derived
to protect health based on the assumption of lifelong consumption of the substance at the
established guideline concentration. 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. Aesthetic Objectives are applied to parameters that affect the acceptability of
the water by consumers and so that a good quality of water can still be supplied. A
summary of the Guidelines for Canadian Drinking Water Quality is presented in

Appendix B.

Itis e ‘dent from Appendix A that the potential number and types of pathogens in a water
supply is extensive. Although techniques are available to enumerate most of the common
types of pathogens found in water, due to the large numbers and types that can be found.
this is not always practicable when monitoring drinking water quality (McJunkin, 1982).
Therefore, in the assessment of the microbial quality of potable water, indicator organisms
are used as an indirect measure of pathogens in the water. At least three simple
requirements should be satisfied in order for an agent to be considered an indicator
organism. First, indicator organisms should be present in sewage and polluted water
where pathogens are present. Second. the population of indicator organisms should be

correlated with the degree of pollution. Third, indicator organisms must be easily and
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quickly identified and enumerated in simple lab procedures (Mc unkin, 1982). The

coliform group of bacteria are the indicator organisms assessed in the GCDWQ.

Total Coliform (TC) organisms are gram-negative, rod shaped bacteria that ferment
lactose at 35°C to 37°C with the production of acid, gas, and aldehyde within 24 to 48
hours and are capable of growing in the presence of bile salts (McJunkin, 1982). Coliform
bacteria are members of the Enrerobacteriaceae that are usually found in the intestinal
tract of warm-blooded animals. Thermotolerant Fecal Coliforms (FC) are a subset of the
Total Coliform organisms that can ferment lactose at 44°C to 45°C including the
Iischerichia genus and to a lescer extent species of Klebsiella, Enterobacter, and

Citrobacter. Monitoring for both TC and FC is required in the GCDWQ.

The GCDWQ also requires that the general bacterial population is assessed even though
this general bacterial enumeration does not usually have a direct health significance
(McFeters, 1990). The reason that it must be monitored is because excessive bacierial
concentrations can hinder the recovery of coliforms, therefore preventing the detection of
a potential health threat (Federal-Provincial Subcommittee on Drinkirg Water, 1993;
McCabe and Winton, 1990; McFeters, 1990). The Heterotrophic Plate Count (HPC) is
one method of enumerating the general bacterial population. The HPC is a measure of

aerobic and facultative aerobic bacteria found in water (McFeters, 1990).

It has been argued that the limited coliform monitoring requirement in the GCDWQ is
insufficient in terms of protecting public health. This is because there is a large spectrum
of organisms that can survive conventional treatment processes including spore formers,
acid fast bacilli, pigmented organisms, disinfectant-resistant bacterial strains, various
yeasts, fungi, and actinomycetes (AWWA, 1990). Therefore, sometimes, the regular
coliform enumeration is supplemented by further microbiological assays. Currently,
viruses and protozoa are under review for possible addition to the GCDWQ (Federal-

Provincial Subcommittee on Drinking Water, 1993).
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2.1.3 Drinking Water Quality in the Study Area

No information was found related to historical drinking water quality data for non-
conventional drinking water supplies in the study area. However, a 1994 Drinking Water
Component Report compiled, synthesized and summarized existing drinking water quality
data for conventional drinking water treatment facilities in the NRBS area

(Prince ef al., 1994). In this study the analysis of data in the Treated Water Survey
showed that chemically, the drinking water in Northern Alberta meets health related
guidelines with the exception of some trihalomethane and a few 2,4-dichlorobenzene
violations (Prince ¢/ al.. 1995). It should be noted that the Treated Water Survey did not
include monitoring of microbial contaminants. To assess the microbial quality of drinking
water in the same area, a follow up study by the same researchers was undertaken. Work
carried out in this study involved znalyzing historical Total and Fecal Coliform data,
historical turbidity data and samples obtained from site visits to 3 facilities in the study
area (Prince ¢/ u/., 1995). It was found that “small facilities produce poorer drinking
water quality than larger facilities” and several small facilities have microbial counts that

exceed values suggested in the GCDWQ (Prince ef al.. 1995).

2.1.4 Health in the Study Area

As mentioned, the World Health Organization (WHO) has defined health as a fundamental
human right for a state of complete physical, mental. sacial and spiritual well-being
(WHO, 1978). Therefore, determining the health of an area is a very complex task that
requires an in-r'epth analysis of many factors of life of the people it is trying to assess. The
Human Hezith Committee of the Northern River Basins Study is involved in a Human
Health Scudy that is set up to assess the health in the Basins based on the analysis of health
records (Huberman, 1995). However, the results of this study were unavailable at the

time that this thesis was written.
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In a 1994 Health Records Study by Emde ¢ a/., it was found that there appeared to be a
higher incidence of selected waterborne diseases in some of the study area’s Health Units
compared to the provincial averages. It was concluded that “zlthough incidences of some
diseases were higher, in many cases the differences were not significant and residents
generally do not appear to have substantially higher risks from waterborne diseases in the
study area compared to the rest of Alberta (Emde ¢r al., 1994)". This conclusion was
reached based on the assessment of health record data from scven Alberta Health Units
ar.d Annual Notifiable Disease Summaries provided by Alberta Health. The main
limitation with this waz that Health Canada records were not included in the analysis. It is
very likely the the conclusions may have been different if the Health Canada databases
had also been assessed because there is a high native population in the study area and

health care on the reserves is administered by Health Canada (Bingham, 1994).

There are many Indian Reserves in the study area and therefore a significant proportion of
this population is of native descent. It is well established thai the native population in
Canada experiences more ill-health than tlie rest of the Canadian population (Fraser-Lee
and Hessel, 1994; Robinson and Heinke, 1990; Weller and Manga, 1987). Life
expectancy for native Canadians is ten years less than the national average, and the infant
mortality rate is more than double the rate for Canada as a whole (Fraser-Lee and Hessel,
1994). Epstein (1982) has likened the health of the Native population to that of
“dc-cloping societies within deve!oped countries” and Postl ¢f af., (1987) observed that
the health of the Canadian Aboriginal peopie is “perhaps the largest public health probiem

onr country faces (Fraser-Lee and Hessel, 1994).”

However, results from a Traditional Knowledge siirvey administered in the study area
showed that “ovurall. respondents tended to be positive about their health with an average
rating of 2.8 on a scale of one (excellent) to five (poor) (Traditional Knowledge
Component, 1995).” Respondents in this survey were asked to cite any ilinesses that
were increasing or decreasing in their communities. The most common responses were

an increase in cancer (59%), an increase in dizbetes (25%), and an increase in heart
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problems (17%) (Traditional Knowledge, 1995).  So. although the majority of the First
Nation’s people interviewed in this survey rated their own health positively, many of them
also indicated a rise in several diseases in their communities. It was also found in this
survey that over half of the respondents felt that their health or someone else’s health had

been affected by water quality.

Some of the people that were interviewed by the Traditional Knowledge Component no
longer consume Jake or river water. Almost half (49%) of the people that fit into this
category (of no longer consuming lake or river water) associate some sort of disease or ill-
health with the consumpticn of lake or river water. Therefore, it can be deduced that

some NRBS residents do recognize the link between drinking water quality and health.

The importance of good drinking water treatment in order to meet drinking water quality
guidelines is very important in the protection of public health. This can be accomplished
in one of two ways. First. for larger communities. water can be treated in conventional
drinking water treatment facilities. Second, for those people who live in remote locations.
smaller quantities of water can be treated using a variety of non-conventional drinking
water treatment processes typically meant for point-of-use applications. Some of these
non-conventional methods of treating water for consumptive purposes at the point of use

are discussed in the following section.
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2.2 Non-Conventional Drinking Water Treatment

As defined in the introductory section of this thesis, non-conventional drinking water
treatment can often be used interchangeabiy with point-of-use (POU) drinking water
treatment. Point-of-use treatment may include treating raw water sources at the point-of-
consumption or it can be the further treatment of conventionally treated water in the
home. Literature pertaining to point-of-use drinking water treatment technologies is
relatively abundant and a review of all that is available is beyond the scope of this thesis.
However, a brief overview of the main elements and findings regarding non-conventional

drinking water treatment methods follows.

2.2.1 Simple Point-of-Use Water Treatment Processes
2.2.1.1 Heat Treatment

“Heat is the oldest, safest and most effective method of purifying water” (Health and
Welfare Canada and Environment Canada, 1991). The boiling of water as a treatment
method is well used throughout the world. This method works on the principal that the
microorganisms present in the water supply cannot tolerate the high temperatures that are
required to bring water to a boil. These high temperatures rupture bacteria cells and
denature proteins so that the microorganisms die (AWWA, 1990). The amount of time
that is recommended for boiling water so that water is safe for consumption varies widely

in the literature as is illustrated in Table 2-1.

Based on this Table it is difficult to assess exactly how long that contaminated water
should be boiled for to ensure disinfection as different agencies seem to have their own
recommendation. In addition, with the exception of the USEPA, none of the papers cited
defined what they meant by “boil” which leaves even further uncertainty. Rice and

Johnson, microbiologists from the USEPA, state that the “suggested boiling times refer to
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Table 2-1. Effective Boiling Times Cited in Literature

Reference

Boiling Instructions “

Sufficient to:

Aukerman and Monzingo. 1989

Brought to a boil

Inactivate Giardia

Aukcrman and Monzingo. 1989

35°C

Inactivate Giardia

Unknown (in Aukerman and
Monzingo. 1989)

5 minutes at 64°C

Inactivate Giardia

Cerva. 1955 (in Aukcrman and
Monzingo. 1989)

Heated to 50°C

Inactivate Giardia

AWWA, 1994

Bring watcr to a rolling boil

Purify tap watcr

Dairy. Food and Environmental
Sanitation Editors. 1993

Boil at 100°C for | minute

Kill any discase
causing bactcria in
the water

Fogel. 1982

Bring watcr to an instant boil

Kill Giardia lamblia
cyvst

Gabler er al.. 1988

15 minutes at 121°C

Kill bacterial spores

Tobin. 1984 (bascd on Geldreich
and Cutrovo. USEPA and
Environmental Health Dircctorate)

Boil for | minute

Kill almost all tvpcs
of waterborne
pathogens

Hcalth and Welfarc Canada.
1985b

Boil for | minute

Kill most pathogens

Hcalth and Welfare Canada.
1985b

Boil for at lcast 5 minutes

Ensurc disinfection

Hcalth and Welfare Canada. 1986

Boil for scveral minutes
(when in doubt. 3 minutes)

Kill protozoan cysts

Hcalth and Welfare Canada. and
Environment Canada. 1991

At lcast 15 minutes and one
extra minute for evers 300m
above sca level.

Not stated

Health Canada Boil Water Notice.
1993

At least 10 minutes

Not stated

US Department of Health
Education and Welfare. 1963

Vigorous boiling for 1 full
minute

Kill any discasc
causing bacteria in
the water.

USDA Forcstry Scrvice. 1989

I minute boiling
3-5 minutes at high altitude

Inactivate Giardia

USEPA
(Rice. E. and Johnson. C. 1994 in
AWWA. 199H

Full boil for 1 minute.
Full boil for 3 minutes to
compensate for lower
tempceraturcs at higher
altitudes.

Kill cholera

WHO. 1993

Vigorous rolling boil for
around | minute.

Inactivate viruscs.
bacteria and Giardia
Cvsts.




the total time that the water is held at a rolling boil and should not be confused with the
first sign of bubbles being liberated in the heating process (AWWA, 1994). Currently,
Rice and Johnson are conducting an investigation requested by the Centers for Disease
Control to try to resolve the issue of how long water should be boiled for to ensure
adequate disinfection. The preliminary results of their study indicate that heating water to
a full boil with & conservative safety factor of 1 minute is sufficient to kill cholera and 3

minutes adequately compensates for higher altitudes (AWWA, 1994),

Aside from the beneficial effects of inactivating microorganisms, boiling the water is also
an effective way to remove volatile organic chemicals from conventionally treated drinking
water (Gabler er al., 1988). This results as the boiling points for volatile organics are
generally much less than for water. Therefore, by heating the water, the volatile organics
will reach their boiling points and enter the gaseous phase, thereby being removed from
the water. USEPA researchers found that all of the volatile organic chemicals added to

their test water were removed after 10 minutes at a rolling boil (Gabler ¢/ al., 1988).

There are some limitations associated with boiling water that may deter people from using
this method of water treatment on a regular basis. First, a source of fuel must be readily
available to bring the water to boil. For living off the land expeditions this source of fuel
may be wood to make a fire. But, building a fire takes time and energv and not every
thirsty person may make the effort or have the “fuel” available to boil the water. Another
limitation with boiling water is that the aesthetic quality of the water wi!l not improve.
Colour is not removed and often the taste is compromised (Gabler ¢r al., 1988). It
should also be noted that the effectiveness of disinfection is reduced in turbid waters. This
is because the organisms may become imbedded in particles, thereby protecting them from
the heat or other forms of disinfectants. It is for this reason that it is recommended that
the particles in the water “settle out” or are filtered prior to disinfection (Gabler ¢/ al.,

1988; Health and Welfare Canada, 1991a).
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2.2.1.2 Chemical Addition

Chlorine

Under most conditions, chlorine compoun-'= are suitable disinfectants of raw water. There
are three chemically equivalent forms of chlorinz that may be used as a disinfectant in
drinking water treatment: (1) compressed gas, (2) solid calcium hypochlorite or, (3) a

solution of sodium hypochlorite (AWWA, 1990).

When chlorine (Cl,) is added to water (H;0) the following reaction takes place:

Cl:+ H,0 > HOCl + H™ + CI'(Montgomer,  1985). It is thought that hypochlorous acid
(HOCI) is the agent responsible for the inactivation of bacteria and viruses by disrupting
normal cell functions such as respiration and DNA activity (AWWA, 1990). However.
compressed chlorine gas is typically not used in the purification of small quantities of
water for individual use. Generally, small scale disinfection is carried out using either

sodium hypochlorite solution (bleach) or solid calcium hypochlorite (AWWA. 1990).

The chlorine tablets commercially available in camping and department stores are solid
calcum hypochlorite. There is a new type of tablet on the market that combines the
processes of chlorination and flocculation and is called a “Chlor-Floc™ tablet. Both types
of tablets contain the necessary dosage for drinking water disinfection and should be used

according to the instructions on the label.

Household bleach is a readily available form of chlorine. Regular household bleach
contains 4 to 5% sodium hypochlorite. When bleach is added to water the following
reactions ensue: NaOCl <> Na' + OCl and 2H,0 <> H:O + OH  so that OCI' + H:O'
> HOCl + H,O. Once again the HOC is thought to be the agent responsible for the
inactivation of microorganisms but the disinfection efficiency is less with the hypochlorite

ion form of chlorine than for the hypochlorous acid.
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Once again there were some discrepancies in the literature regarding the effective dose of
chlorine bleach in the disinfection of drinking water. For the most part, it was
recommended that 2 drops (0.1 mL) of bleach be added per litre of water, mixed
thoroughly by stirring or shaking, and allowed to stand for 30 minutes before consumption
(WHO. 1993 Gabler ¢/ al., 1988). If the water is turbid or if a slight chlorine odour is not
detectable after this time, the treatment should be repeated or the initial dosage doubled

(Health and Welfare Canada and Environment Canada, 1991; Tobin, 1987).

The disinfection effectiveness of recommended chlorine dosages and reaction time can be
assessed with the help of CT values. A CT value is a measure of disinfection capability,
where “C” is the residual disinfectant concentration in mg/L and “T” is the related contact
time in minutes (USEPA, 1991). The USEPA has compiled several tables of CT values
based on the evaluation of existing laboratory data on disinfection efficiency (USEPA,
1991). Adapted tables from this USEPA document of CT values for Giardia and virus
inactivation have been included for both free chiorine disinfection (Table 2-2 and 2-3) and
for chloramine disinfection (Table 2-4 and 2-5). By examining these tables it is evident
that disinfection is compromised at lower temperatures as witnessed by the higher CT
values at colder temperatures. Furthermore, for (Giardia inactivation by free chlorine in
Table 2-2, the higher the pH, the higher the CT value. Tables 2-4 and 2-5 list the CT
values for chloramines. If ammonia is present in a water supply, as is the case in some of
the water samples taken in the study area, then the disinfectant can be thought to have
similar disinfection capabilities as in the chloramine tables. When discussing microbial
inactivation by disinfection, “log removals” are more convenient to work with than
“percentage removals.” A 1 log reduction is equivalent to a 90% removal, a 2 log
reduction is the same as a 99% removal and a three log inactivation is equal to a 99.9%

inactivation and so on.



Table 2-1. CT Values for Inactivation of Giardia Cysts by Free Chlorine

Inactivation 0.5°C 20°C

pH7 |pH8 [pH9 |pH7 |[pH8 |pHY
1.0 log 79 115 167 21 30 44
2.0 log 157 231 333 41 6l 88
3.0 log 236 346 500 62 91 132

(adapted from USEPA. 1991)

Table 2-2. CT Values for Inactivation of Viruses by Free Chlorine

Inactivation 0.5°C 20°C

pH6to9 |pHI0 pH6to9 |pH IO
2.0 log 6 45 I 11
3.0 log 9 66 2 16
4.0 log 12 90 3 22

(adapted from USEPA. 1991)

Table 2-3. CT Values for Inactivation of Giardia by Chloramine

Inactivation <1°C 20°C

pH 6to 9 pHG6t09
1.0 log 1270 370
2.0log 2535 735
3.0 log 3800 1100

(adapted from USEPA. 1991)

Table 2-4. CT Values for Inactivation of Viruses by Chloramine

Inactivation <l1°C 20°C
2.0 log 1243 321
3.0 loy 2063 534
4.0 log 2883 746

(adapted from USEPA. 199])

To illustrate the applicability of these tables in the determination of appropriate reaction
times for disinfecting a given volume of water with household bleach. several examples
will be worked through. First, preliminary calculations of the chlorine concentration in
regular household bleach was found to be 52500 mg/L. Therefore, when 0.1 mL of this
concentration is added to 1L of water, the initial free chlorine concentration in the water
sample is 5.25 mg/L.  For the purpose of the following examples in Figure 2-1, it will be
assumed that the desired residual chlorine concentration is to be 2.0 mg/L (i.e. the value

for “C™).



Example 1;

Solution:

Example 2:

Solution:

Example 3:

Solution:

Example 4;

Solution:

Target of 3 log reduction of Giardia

Volume of water to be treated = 1 L

Temperature of water = 0.5°C

pH=8

Ammonia is not present in the water.

The CT value of 346 mg'min/L is obtained from Tabie 2-2.
Therefore, (2.0 mg/L) - T = (346 mg-min/L)

and T = (346 mg-min/L)/(2.0 mg/L) = 173 minutes.

This 1s more than six times the recommended reaction time of 30
minutes as suggestcd in the literature.

Target of 3 log reduction of Giardia

Volume of water to be treated = 1L

Temperature of water = 20°C

pH=8

Ammonia is not present in the water.

The CT value of 91 mg-min/L is obtained from Table 2-2.
Therefore, (2.0 mg/L) - T = (91 mg'min/L)

and T = (91 mg-min/L)/(2.0 mg/L) = 45.5 minutes.

This is 15 minutes more than the 30 minute reaction time that is
recommended in the literature for disinfecting water with bleach.

Target of 4 log reduction of viruses

Volume of water to be treated = 1 L

Temperature of the water = 20°C

Ammonia is not present in the water.

The CT value of 3 mg/L-min is obtained frcm Table 2-3 for pH of6to 9
Therefore, (2.0 mg/L) - T = (3 mg-min/L)

and T = (3 mg'mir/L)/(2.0 mg/L) = 1.5 minutes.

This is far less than the reaction time of 30 minutes suggested in the
literature.

Target of 4 log reduction of viruses

Volume of water to be treated = 1 L

Temperature of the water = 20°C

Ammonia is present in the water.

The CT value of 746 mg-mir/L is obtained from Table 2-5.
Therefore, (2.0 mg/L) - T = (746 mg'min/L)

and T = (746 mg-min/L)/(2.0 mg/L) = 373 minutes.

This reaction time is more than 6 hours.

Figure 2-1. CT Value Examples
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From these examples it is evident that temperature, pH and the presence of ammonia are
important considerations when determining appropriate reaction times for disinfecting
water with chlorine. Lower temperatures, higher pH’s, and the presence of ammonia will

necessitate an increase in reaction time.

There are also other drawbacks to this method of purification. Many people find the taste
and odour associated with the disinfection of water with chlorine unappealing. This
chemical taste can be masked by adding flavoured drink crystals after the treatment time
has elapsed. Another problem with the addition of chlorine to water is the formation of
potentially carcinogenic disinfection-by-products. Organic matter in the water acts as
precursors for these by-products of chlorination. An additional problem with this type of
treatment is that chlorine loses its effectiveness with age and exposure to air, sunlight and
heat (Health and Welfare Canada and Environment Canada. 1991 ). Nonetheless. if

properly used. chlorine is an effective disinfectant.

lodine

lodine is another chemical that has proven to be an effective disinfectant over the years.
Several forms of iodine can be used as a disinfectant including tincture of iodine. jodine
tablets, and iodine crystals. lodine tablets are readily available in camping and department
stores and should be used according to the manufacturers directions. lodine

crystals, also available through camping stores are somewhat more complicated. Four to
eight grams of crystals should be added to 30 mL of water in a glass bottle and shaken for
one minute. After the crystals have settled., approximately 15 mL of this solution should
be added per liter of untreated water. Since the iodine crystals are toxic, they should not
be allowed to be transferred to the drinking container. The remaining crystals can be used

in the same manner until they are no longer visible in the bottom of the glass bottle. For
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optimum iodine disinfection, the bottle should be kept warm around body temperature

(Health and Welfare Canada and Environment Canada, 1991).

A 2% tincture of iodine commonly found in medicine cabinets can be used to purify
untreated water. Once again, various recommended contact times and disinfectant
dosages were found in the literature. Health and Welfare Canada and Environment
Canada (1991) say that 8 to 10 drops (0.4 t0 0.5 mL) of a 2% tincture will purify 1 L of
untreated water. Tobin (1984) and Gabler er al., (1988) recommend approximately §
drops (ca 0.25 mL) of a 2% tincture. Tobin adds that the solution shouid be well mixed

and allowed to stand for 30 minutes.

Disinfection with iodine has some problems. First of all, effectiveness of iodine decreases
with colder temperatures and turbid waters. Therefore, higher doses and longer contact
times are recommended in these situations. Second, the taste of iodine is not particularly
pleasant, but as with chlorine, this can be remediated with flavoured drink crystals. And
finally, although iodine is an effective disinfectant for emergency and short term sources of
drinking water, it is not recommended that iodine be used for more than three weeks per
season. Furthermore, children, pregnant women and people with thyroid problems should
avoid using iodine all together due to potential adverse health effects (Health and Welfare

Canada and Environment Canada, 1991).

Although there were not any CT values found in the literature for iodine disinfection, it
would be a reasonable assumption that higher concentrations and longer contact times
would be necessary to ensure the inactivation of the cysts of Giardia and Cryptosporidium

because these organisms are generally more resistant to disinfection.
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2.2.1.3 Aeration

Another simple point-of-use treatment process is aeration. The USEPA identified simple
and effective methods of removing volatile organics from drinking water using materials
found in the common kitchen (Gabler ef al., 1988). The methods studied included boiling,
electric mixing, pouring, open standing and various other forms of aeration. Electric
mixing for ten minutes was effective at removing more than 95% of the volatile organics
in the water. Other aeration techniques investigated including open standing of the water
for at least 48 hours, pouring water back and forth between two containers twenty times
and aeration of water using a device that aerates a fish tank. The open standing method
was found to remove 95% to 98% of the chemicals. but this method has its limitations
(Gabler cr al., 1988). Leaving the water stand for such a length of time will certainly
foster bacterial proliferation. ~ Also, waiting two to three days for a glass of water may not

always be practical. The other aeration methods were not particularly effective.

Although the chemical disinfection methods and other simple processes just described may
ve appropriate for emergency situations or for short living-off-the-land excursions. there
are other alternatives that may be more efficient for puritying drinking water on a
continual basis. This may include the installation of a point-of-use device in the home.
Such a system should employ as many processes as technically and financially possible.
Depending on the source water quality. a multi-barrier approach will provide the highest

quality water.

2.2.2 Point-oi-Use Water Treatment Devices

The utilization of point-of-use treatment devices for supplying a safe supply of drinking
water has been gaining popularity. “Point-of-use devices are treatment systems installed
on single or multiple taps and are intended to treat water for drinking and cooking only

(Health and Welfare Canada, 1991a).” According to the Canadian Water Quality



Association, the sale of point-of-use drinking water treatment devices is a 700 million
dollar a year industry in Canada (Robertson, 1995). Currently there is no specific
legislation in place governing point-of-use drinking water treatment devices
(Robertson, 1995). Health Canada is working on the Drinking Water Safety Act which

will include legislation for these devices.

Home treatment devices employ a variety of basic processes such as filtration, adsorption,
ion exchange, reverse osmosis and disinfection. Different units are designed for different
water quality problems. Some of the more sophisticated treatment units intended for
individual homes are called package plants. These are essentially miniature conventional
drinking water treatment plants that use a multi-barrier approach to water treatment.
Generally, water treatment processes can be divided into those that disinfect by killing
microorganisms and those that physically remove contaminants in the water supply. The
different types of units available on the market are briefly discussed under these two

headings.

2.2.2.1 Disinfection Units

“Disinfection is the one step in water treatment specifically designed to destroy pathogenic
organisms and thereby prevent waterborne diseases, which are the most common health
risks associated with drinking (Federal-Provincial Subcommittee on Drinking Water,
1993).” Some of the common disinfection methods used are the addition of oxidizing

chemicals, applying heat and exposing the water supply to ultraviolet radiation.
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Chlorinators

The use of chlorine with municipally treated water systems has virtually eliminated
waterborne microbial diseases, due to chlorine’s ability to kill or inactivate essentially all
enteric pathogenic microorganisms (Health and Welfare Canada, 1991a). Water can be
treated at the point-of-use with liquid sodium hypochlorite or solid calcium hypochlorite.
As discussed above, hypochlorcus acid generated from the addition of chlorine to water,
inactivates bacteria and viruses by disrupting normal cell functions and DNA activity

(AWWA, 1990).

Besides its effectiveness at inactivating microorganisms in the water, chlorine is also a
suitable agent for the removal of iron and sulfur from well water (Health and Welfare
Canada. 1991a). Therefore. when point-of-use chlorinators are used to remove iron and

sulfur the consumers also have the added protection against microorganisms.

Ozonators

Ozone is an unstable form of oxygen that consists of three oxygen atoms (Jacobsen.
1994). Ozone has been called the most powerful disinfection agent known (Burris, 1986:
Pontius, 1994). Researchers have hypothesized that there are two primary oxidation
pathways when ozone is dissolved in water: direct oxidation by molecular ozone and
indirect oxidation by free radicals that are formed during the decomposition of ozone in
water (Zhou ¢t ai., 1995).  Typically. microbial inactivation occurs when ozone breaks

molecular bonds on the cell well. thereby lysing the cell (Zhou. 1995).

For household applications, ozone is effective at eliminating taste and odour causing
organics. Ozone is unstable and must be generated on site. Household type ozonators
consist of a large box that has a hose emanating from it that bubbles ozone into a

container of water (Tobin, 1987). These units require electricity and a large amount of
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space to housc the apparatus (Health and Welfare Canada. 1985b). Ozonatios is
dependent on good mixing of ozone with the water and has a very short lived residual

disinfectant.

Ultraviolet Irradiation

Ultraviolet (UV) light is described as radiation with a wavelength between 180 nm to
400 nm (Gabler ef al.. 1988). This is a shorter wavelength than visible light and theretore
carries more energy (Gabler ¢f a/.. 1988). The mode of action in ultraviolet disinfection

units is by the inactivation of the microorganism’s DNA.

One type of home UV unit includes a mercury vapour lamp that emits UV light with a
wavelength of 253.7 nm (Gabler ¢f al., 1988). This mercury vapour lamp is housed inside
a cylindrical quartz sleeve and the water to be treated flows around the sleeve. UV
disinfection has its disadvantages. First, turbidity in the water limits the effectiveness of
UV disinfection (Culotta, 1989). Second, UV does not kill the spores of (siardia and
Cryptosporidium (Jacobsen, 1994). Third, ultraviolet units require electricity and the

equipment requires significant supervision and maintenance (Culotta, 1989).

Distillers

Distillation is a process whereby water is heated in a flask, and hot water vapor rises into a
tube through a series of baffles into a collection chamber where the steam condenses and
changes back to the liquid form (Gabler ef /., 1988). This type of t:eatment is effective at
reducing dissolved solids, metals, minerals and particles because they remain in the boiling
water (Cuiotta, 1989) Furthermore, boiling the water will effectively kill microorganisms.
Distillers have their drawbacks. For example, if the untreated water contains chemicals
with a lower boiling point than water (such as pesticides, chloroform, benzene, toluene
and xylene), these chemicals will also boil off with water and become concentrated in the

treated water (Lester and Lipsett, 1988).
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2.2.2.2 Mechanical Particle Removal Units

Adsorption Units

Adsorption is the accumulation of a substance at the interface between two phases, such
as a hquid and a solid (AWWA, 1990). Activated carbon is an effective adsorbent.
Activated carbon can be made from a variety of substances including animal bone, coconut
shells, wood or coal. The carbon is heated to extreme temperatures in the presence of
steam and absence of oxygen so that minuscule pores within the material are formed,
thereby increasing the surface area for adsorption and particulate entrapment (Geldreich
and Reasoner, 1990). Activated carbon comes in three forms: Granular Activated Carbon
tJAC), Powdered Activated Carbon (PAC) and a compressed activated carbon cake.
Both granular and block carbon are preferred over the powdered kind because the
powdered carbon is prone to releasing <arbon particles into the cleaned water (Lester and
Lipsett, 1988). The pressed carbon cake has an advantage over GAC because it avoids
problems of channel formation that occurs with granular media (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). But, they are not effective at removing heavy metals. nitrates, dissolved
iron or bacteria. In fact, using activated carbon devices may lead to the deterioration of
the microbiological quality of the treated water. Bacterial colonization of activated carbon
point-of-use devices has been well documented (Gabler ¢7 al.. 1988: Geldreich ¢ al..
1985; Reasoner ¢r al., 1987; Regunathan and Beauman, 1987). Furthermore, once the
carbon is exhausted, there is a potential for the collected contaminants (microbial and
organic) to be sheared off and released from the filter beds leading to an increase in these
contaminant levels in the finished water (Lester and Lipsett, 1988; Geldreich and
Reasoner, 1990). It is for this reason that “Health and Welfare Canada insists that

activated carbon filters and related packaging, promotional and instructional materials be
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clearly labeled “Use only on municipally treated water or other supply known to be

microbiologically safe” (Health and Welfare Canada, 1991by

Ion Exchange Units

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). Home water
softeners work on the principal of ion exchange. They are primarily used to remove
hardness from water, which in most natural water is made up of calcium and magnesium
ions. Essentially, water containing calcium and magnesium ions is passed through a
column filled with resin beads that have sodium ions attached to the internal and external
surfaces. When the hard water passes these resin beads, magnesium and calcium ions are
exchanged for sodium ions, so the magnesium and calcium is removed in the treated water

(Geldreich and Reasoner, 1990).

Although the use of ion exchange units is widespread in the removal of hardness, 1on
exchange units are also effective at removing other types of contaminants as well.
Cationic softeners exchange sodium and potassium ions for calcium, magnesium, iron and
manganese ions. Anionic softeners exchange hydroxl ions for sulfates, nitrates,

bicarbonates and chlorides (Culotta, 1989).

Reverse Osmosis Systems

Reverse Osmosis (RO) 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). Rozelle (1987) explains that most RO systems placed at
the point-of-use in a house utilize several processes in order to be most effective. First,

the water passes through a particulate filter to remove larger particles. Second, the water
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passes through an optional activated carbon filter. This filter is placed on-line for
chlorinated water supplies to remove chlorine because many of the RO membranes are
chlorine-sensitive. Third, water is forced through an RO module which is a water
reservoir containing a pressurized rubber bladder. The most common tvpes of semi-
permeable membranes used in RO systems are cellulose acetate and polyamide (Rozelle,
1987). Finally, the water may pass through another optional activated carbon filter before
it is delivered to the point of consumption. Although RO units are very effective at
removing heavy metals, total dissolved solids, nitrates, asbestos and (Giardia cysts, the
membranes are not effective at removing small organic molecules. Alsc, the membrane
must be properly cared for. It can be broken down by microbial degradation or excessive

water pressure (Geldreich and Reasoner, 1990).

Filters

Filtration is a water treatment process used to remove suspended particulates 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 material being used. There are
many types of filter media such as spirally wound fibers, string. acrylic filaments. ceramic,

sand. pleated paper, pleated non-woven fabric and membrane material with pre-

determined pore sizes.

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 ¢r a/., 1988). In
depth filters suspended particles are removed by any number of several processes
including: (1) being strained through the pores in the filter bed; (2) adsorption of the

particles to the filter grains; (3) settling of the particles while in media pores; (4) floc



growth while traveling through the pores; and (5) sometimes biological mechanisms

(Jacobsen, 1994; Troyan and Hansen, 1989).

Screen filters retain all particles larger than its pore size on the upstream surface of the
filter. An example of a simple screen type or membrane filter is a piece of cloth. Large
particles in the water are removed when water is strained through a piece of clean cloth.
The size of the mesh is the controlling factor in this method and the smaller the weave, the
better. There are also membrane filter papers available that have a pore size of 0.2
microns. With this sn ‘Il pore size, these filter papers are capable of retaining all bacteria
(Gabler ef al., 1988). Due to the small particle retention surface of these screen type

filters, they clog rapidly. Furthermore, they are expensive (Gabler ¢f al., 1988).

Currently there are a wide variety of portable point-of-use drinking water treatment filters
that claim to be suitable for treating contaminated drinking water for wilderness camping
and international travelling purposes. Both depth and screen type filters are used in these
portable units. A variety of media has been used in the units and several different designs
are available. A thorough assessment cf the portable drinking water treatment units in
Edmonton and surrounding area resulted in the compilation of the different types of

devices on ihe market. The findings are presented in tabular format in Section 5.

Without an in-depth analysis of 2ll homes in the Northern River Basins Study area it is
difficult to assess which types of point-of-use units and processes are being utilized in the
study area. It is likely that many of the people living in remote rural areas may be using
some of these types of systems. And it is also possible that many of the people that
receive their drinking water from a conventional treatment facility further treat their water

with a point-of-use device before they drink it.
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2.3 Non-Conventional Sources of Drinking Water in Canada

It was found that literature strictly pertaining to the utilization and quality of non-
conventional drinking water in Canada is limited. However, some of the literature
encountered did make reference to the consumption of non-conventional sources of

drinking water in Canada.

2.3.1 Health and Welfare Canada, 1973

Sanitation Manual for [solated Regions (Health and Welfare Canada. 1973) is essentially a

sanitation reference guide for people living in remote northern areas. The manual contains
two sections on drinking water describing the fundamentals of water quality and water
treatment.  Although this document does not specifically deal with non-conventional
sources of drinking water, an appendix in this document discusses how many people living
in remote northern locations utilize ice from nearby lakes or rivers as a source of drinking
water. The Appendix describes how ice is sawn into blocks, hauled out of the water and
is stacked near the house or stored in an ice house so that it can be used in the summer.
The authors state that “in most cases the water is relatively free of bacterial contamination
when it is in the river or lake, but usually it becomes contaminated by the workman and
dogs during handling.™ It should be noted that this document was published over twenty
years ago, so it may not necessarily reflect the method of ice collection and ice water
quality at the present time. However, the importance of treating the ice water to remove
potential contaminants is explained and three methods of treatment are mentioned. First.
the ice block should always be washed with water to remove the outer layer of the ice
block. It is particularly important to break apart melded blocks before washing because
bacteria can become trapped between them. Second. chlorine can be used to disinfect the
melted water. Third, boiling is also mentioned as an effective method of destroying

pathogenic microorganisms.
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2.3.2 Brocklehurst, Heinke and Hodes, 1985

The goal of this study was to establish a relationship between the level of community
service and the level of public health on thirteen Indian reserves in Manitoba. The level of
public health on the reserves was established utilizing health record data for selected water
related diseases. Municipal service data for each community was collected through site
visits and by surveying residents regarding water supply, sanitation, satisfaction and the

perceived health impact that these services have on heaith.

A “servicing scoring system” was devised as a means of assigning a numerical value to the
level of municipal service in a community. A score between one and ten was assigned for
each type of water supply system (as in Table 2-0) and then a community was assigned a

“total score” by multiplying the percent of the community using the system with the score

that system was assigned.

Table 2-6. Municipal Servicing Scoring System
Water Supply System Score
Piped water

Well connected to household plumbing

Trucked delivery to cisterns (2300L to 4600L)

Trucked delivery to sealed small tanks

Trucked delivery to small tanks, pails or barrels (<900L)
Self haul from well

Self haul from nursing station, treatment plant or school
Self haul from standpipe

Self haul from lake

=)
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Although the term “non-conventional” source of drinking water is not utilized by
Brocklehurst er al., (1985), for all intents and purposes, all of the “self hauled” sources as
well as the “well connected to household plumbing” could be defined as a non-
conventional source of drinking water. There is no description regarding th: development
of this scoring system in the paper, so it is not known how the scores were assigned to

each water supply system. However, Brocklehurst er al., (1985) state that the

35



“correlation between score and water consumptions is almost linear, except at the upper
and lower ends of the scale. Lake water hauling, while providing water volume
comparable to standpipe self haul, receives a lower score, and wells and cisterns
connected to household plumbing, while providing water volumes similar to piped
systems, score lower due to lower reliability.” It is interesting to note that all of the self
hauling systems are assigned a relatively low servicing score with lake water being the

WwOrst.

One of the main findings of this study by Brocklehurst ¢f a/.. (1985) was that municipal
services on many of the reserves studied were inadequate and low servicing levels were
related to poor health. Health data indicate that a minimum of 90 L of water per person
per day is required It was found that an overall “score” of approximately 6.5 is necessary
to reduce hospitalization rates on the reserves to near the provincial average. Although
there are no water supply systems with this “score”. it does indicate that “any trucked
delivery system to small barrels. tanks or pails is insufficient in terms of health. and does
not provide a sufficient quantity of water ™ Only three of the thirteen Indian reserves
studied had a total score greater than six.  Although the authors acknowledge that piped
water is not an economically viable alternative for many scattered communities. svstems
that provide full indoor plumbing (shower, bath, flush toilet. hot water un demand)
supported by trucked delivery or a well. are required to provide an acceptable level of

health.

2.3.3 Robinson and Heinke, 1990

This study was undertaken to determine the relationships between municipal services and
public health in two communities in the Northwest Territories. Research was carried out
as a matched case-control epidemiological study in which cases were individuals with a
reported incident of diarrhea, and controls were individuals with a reported respiratory
tract infection. The health related information was gathered from a central database in
Yellowknife. The municipal service data was collected in the communities and included

the quantity of municipal water used, type of sewage disposal and cleanliness of the
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residence.  Once all of the information was collected, the data was organized into # series
of matched two by two case-control tables to establish the relevant odds ratios in order to
determine statistical significance. Although there have been many epidemiological studies
like this one done in the developing world, apparently this was the first one of this nature

to take place in a cold weather climate.

It was found that neither the type of sewage disposal nor the cleanliness of the residence
related well to the occurrence of diarrhea. However, there was a significant increase in
the risk of diarrhea associated with low water consumption.  These conclusions were
reached based on calculzied odds ratios. An adds ratio greater than one suggesls a strong
correlation between the cases (diarrhea) and the exposure variable (quantity of water
consumed). An odds ratio less than or equal to one suggested no additional risk of
diarrhea due to the exposure variable. Figure 2-2 shows that there is a significantly higher
risk of diarrhea for water consumption rates of less than 20 L/person/day. At
30L/person/day the risk has decreased substantizlly from an odds ratio of 14 to an odds
ratio around 2. An odds ratio of one is correlated with a consumption rate of
approximately 65 L/person/day at which point there is no statistically significant additional

risk of acquiring diarrhea.

Effect of Water Consumpion on Odds Ratio

14 <

Odds Ratio (no units)

0 20 40 60 %0 100
Water Consumption (L/person/day) :
{ S . ;
(adapted from Robinson and Heinke, 1990)
Figure 2-2. Effect of Drinking Water Consumption on Odds Ratio.
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The reason that the findings of this report is included in the literature review section of
here is because the authors have hypothesized two reasons why low water use results in a

higher incidence of diarrhea.

“The first hypothesis is that the cases are actually using very little
water, and pathogens suspected of causing diarrhea are being passed
and ingested because of insufficient washing of hands, utensils, food,
clothes, etc. Since there was sufficient water available in the study
communities, and there is no additional cost associated with additional
water use, this hypothesis suggests that grea - . public health education
is required to reduce incidence of diarrhea. The second hypothesis is
that those using little municipal water are acquiring water from other,
untested sources, and it is from this unsanctioned water that pathogens
suspected of causing diarrhea are obtained. It is the suspected
avoidance of chlorinated water supplies which ultimately causes the
diarrhea. This second hypothesis carries implications about the value
and quality of chlorination of water supplies in Inuit communities.
While it has previously been understood that chlorination was *good’
for Inuit communities, these findings indicate that it may be *bad".”

Although this report is not specifically a drinking water study. this second hypothesis is
certainly inferring a strong drinking water component; particularly the effect that
“unsanctioned” or non-conventional drinking water may have on a person’s health which
in this case is diarrhea. There are other acknewledgements of this non-conventional
sources of water in this report. The authors reported knowing a number of people in the
study communities that hauled their own water and stated that the use of alternate sources
of water “is common in Inuit communities.” Therefore. the utilization of non-
conventional sources of drinking water in the study subjects could be a confounding
variable in the results obtained. Robinson and Heinke acknowledge this but state that they
do not believe that there is any significant difference (i.e. housing, plumbing, water use)
within this group of people that utilize alternate. non-conventional sources of water for
drinking. Nonetheless, further research into this area is necessary but the relevant data

collection would require an in depth and time consuming survey of restdents.
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2.3.4 Health and Welfare Canada and Environment Canada, 199}

The pamphlet “Wilderness Water: A Guide to Wilderness Drinking Water” is targetted to
wilderness campers. It discusses four important areas with relevance to non-conventional
drinking water supplies. The first is “Where should Drinking Water Be Obtained?”.
Essentially it is recommended by the authors that for short trips “water from home or
another safe source” should be used. However, this pamphlet mentions that “well water,
fast moving rivers and the deepest parts of lakes are the best locations to obtain water.” In
addition, it is stated that stagnant water, shoreline water and water close to human
habitation should be avoided. During the winter it is recommended to obtain water
through an open hole in the ice rather than melting snow or ice because the later process is

fuel and time consuming.

The second and largest section of the pamphlet is “Water Purification Methods™ which has
been further divided into a section on each of boiling, chemical purificaticn and filtration.
Under Boiling, it says that “heat is the oldest, safest and most effective method of
purifying water.” The authors state that water should be boiled for at least 15 minutes and
one additional minute should be added for each 300 m above sea level. The flat taste of
boiled water can be remedied by letting the water cool or by pouring the water back and
forth between containers. According to this pamphlet, the chemical purification of water
can be obtained by using cilorine or iodine compounds. Two drops of household bleach
is sufficient to disinfect 1 L of water after a 30 minute contact time. Eight to ten drops of
2% tincture of iodine should be enough to purify 1 L of water. However, chemical age,
water quality, temperature all influence these chemical reactions and sometimes more
chemical or a longer contact time may be necessary. The final purification method
discussed in the pamphlet is filtration. The variety of filters available on the market is
mentioned and it is highlighted that care should be taken when choosing such a device.
For example, it states that filters that allow particles larger than 0.5 microns to pass should
be avoided. In addition, charcoal based filtration devices are not recommended. “Passage

through an activated carbon filter alone does not disinfect water effectively (and) devices
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that operate only with activated carbon should not be used.” Whatever the filter, operating

and maintenance instructions should be carefullv followed.

The third topic covered in the pamphlet is the importance of “Keep(ing) the Environment
Healthy”. The importance of using biodegradable soap, and properly disposing of
wastewater and solid waste in the wilderness is discussed. Following these guidelines will

help protect the wilderness water supply for generations to come.

The final word regarding wilderness water in this pamphlet regards health. It states that
some waterborne diseases are difficult to diagnose and if you get sick after consuming

wilderness water, “inform your doctor that you have consumed untreated water.”

2.3.5 Other Sources of Information

There has been a larze amount of work undertaken in developing or tropical countries
relating water supply and sanitation to health. In many of these studies diarrheal morbidity
or mortality is used as an indicator of health. Esrey. Feachem and Hughs (1985) analvzed
07 studies on the impact that water supply and sanitation have on various health related
parameters. They concluded that diarrheal morbidity rates could be reduced by 35% to
50% with well designed projects that incorporate water supply. sanitation and hvgiene
education. They also noted that there is a general deficiency in the knowledge regarding
the impact that water supply and sanitation have on diarrheal disease. Although the
studies analyzed were from developing countries, it can be assumed that the same may be
applied to some areas in Canada, particularly isolated remote locations with poor water

supply and sanitation facilities.
A case-control epidemiological study in Brazil by Victoria e al., (1988) examined the

effect of water and sanitation facilities on infant mortality due to diarrhea. It was found

that homes with piped water had an 80% lower infant mortality rate than homes without
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easy access to piped water. “These findings suggest that the beneficial effects of piped
water may relate to the easy availability of water rather that to its quality.” One would
have to consider that this could also be the case in remote areas in Canada as well.
However, it should also be noted that Canada as a whole is more affluent than Brazil and
many of the remote isolated homes in Canada have access to large quantities of water by
other means such as from a nearby well, a dugout, or water hauled to cisterns and barrels
by a water truck. Nonetheless, there are certainly some homes in Canada that have the

burden of hauling water in small containers.

Another main source of information was through contact with various people that were
knowledgeable in the assessment of non-conventional drinking water and related areas.
Numerous government agencies were contacted including several people from Health
Canada, Alberta Environment, Alberta Health and several Aboriginal organizations
including the Assembly of First Nations and the Department of Indian and Northern
Affairs. It was from talking to people from these agencies that it was determined that
there was a very limited body of literature pertaining to the assessment of non-
conventional sources of drinking water in Canada. Several local businesses were
contacted in regards to the point-of-use water treatment industry. Although there seemed
to be a wealth of information about many of the devices, the information on portable

point-of-use drinking water treatment filters was more difficult to come by.

2.4 Non-Conventional Sources of Drinking Water in the Study Area

2.4.1 Fort MacKay Indian Band and Fort Chipewyan Cree and Chipewyan Indian
Bands, 1988

The Northern Athabasca River Basin Study was initiated and carried out by Chipewyan

and Cree Indian Bands living in the Athabasca River Basin. The purpose of this study was

to determine the impact that development has had on the Athabasca River. From this
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study it was concluded that “water quality degradation has imposed great changes on the
use of the river for domestic, especially drinking water use and for fishing . The water
quality degradation perceived by those interviewed in the study was deemed to be a result
of oil sands operations, sewage effluents, and general upstream pollution. Therefore, in
this report reference is made to using the river for drinking water purposes which could

essentially be considered a source of non-conventional drinking water in this report.

2.4.2 Traditional Knowledge Comnonent, 1995

The Traditional Knowledge Coruponent of the Northern River Basins Study collected
information through in-person interviews of 221 people from nine different native
communities in the Northern River Basins. There was a qualifying criterion for
respondents of the questionnaire in that they had to have lived a traditional lifestyle at
some point in their lives. It is because of this criterion that the average age of
respondents was 58 years old which is higher than for the northern adult population s a
whole.  Therefore, in the interpretation of the results of the Traditional Knowledge
Component presented here, it is important to keep this selection criteria in mind and that

the results may not necessarily reflect all segments of the population in the NRBS area,

The overall average rating of nearby water quality by NRBS Traditional Knowledge
Survey respondents was seen as somewhat negative. The average water quality rating
based on a five point scale (with one being the worst and five being the best) was 2.6,
Figure 2-3 shows the percent of responses for perceived water quality changes observed
by Traditional Knowledge Survey respondents. More than three-quarters of respondents
indicated that they had noticed a change in algae growth and approximately half of those

interviewed noted a change in the water insect population and turbidity.
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Perceived Water Quality Changes
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l?lgure 2-3. Perceived Water Quality Changes Based on NRBS Traditional
Knowledge Interviews

The Traditional Knowledge Survey also asked whether or not respondents felt that water
quality had atiected their health or the health of others. Fifty-two percent said that their
own health had been affected, 42% indicated that their spouses health had been affected,
37% reported an affect on their children’s health and 58% checked off other people’s
health (Traditional Knowledge, 1995). Thirty six percent of respondents did not know

whether their health or anyone else’s health had been aftected by water quality.

A largy percentage of people interviewed in the NRBS Traditional Kncwledge Survey,
utilize lake and river water for consumptive purposes. Apparently, there are also many
people that have changed their practices of using lake and river water. ‘When asked why
they stopped using lake or river water, the various reasons cited were bad taste (41%),
bad smell (31%), colour (39%), disease (49%), and other reasons (28%). From this, it is
evident that approximately half of the respondents that no longer use lake or river water
associate some form of discase or ill-health with consuming it.  The reasons stated for
what made them stop were self experience (55%), media (23%), health warnings (44%),

public education (21%) and other reasons (31%).



As was found by the Traditional Knowledge Component Survey (1995), there are many
people of native descent that live off of the land year round (66% of those interviewed),
for most &7 - » year (18%), for half of the year (8%), and seasonally (8%). For these
people, their w.ater is typically obtained from natural water sources in the wilderness.
Therefore, people that live off the land are among those that utilize a non-conventional
source of drinking water. Another finding of the Traditional Knowledge Component
Survey was the source of water for daily use by those interviewed. Figure 2-4 shows that
63% of respondents utilize surface water, such as from lakes or rivers, for daily use.
Twenty-six percent of those interviewed use various sources of water for daily use and
only 5% obtain their water from a water treatment facility. Although this low number of
people obtaining water from a treatment plant is alarming, it must be considered that the
people interviewed in the Traditional Knowledge Survey are typically elders and second-
generation elders and from above. it appears that many of those interviewed live off of the
land. However. it is also suspected that many people in the NRBS area that do have
access to conventionally treated water, particularly elders. may choose an alternate source
of water when given the choice between conventionally treated water and some other

source of water.

Source of Water for Daily Use
Well 3% 26% Various
Dugout 1%
Rain/Meited

Snow 1%?
Spring 1% /v

Treatment
Facility 5%

$3% Surface

A tomted trom Summary Results From the Document “How Our
Kialedge e (Traditional Knowledge Component. 1993)

f:—iéure 2-4. Source of Water for Daily Use Based on NRBS Traditional
Knowledge Interviews.

44



This report is probably the most significant work of all the literature encountered of
particular relevance: to this thesis. First, the results obtained are from residents of the
Northern River Basins Study area which is also the study area for this thesis. Second, it
gives some idea of the scale of non-conventional drinking water utilization among
residents of the NRBS area. However, there are certainly some factors that must be
considered in the interpretation of these results. First, these figures do not necessarily
reflect the practices of all residents of the NRBS area. This is because the sampled
population was carefully selected with the criterion of having to have lived off the land.
This would preclude many of the younger people and hence does not reflect the larger
population as a whole. Second, the ethnicity of those interviewed were all of native
descent so this must also be considered since there are many non-native people living in
Northern Alberta as well. Nonetheless, the results obtained from the Traditional

Knowledge Component provide some invaluable information.

2.4.3 Prairie Farm Rehabilitation Administration, 1995

The Prairie Farm Rehabilitation Administration (PFRA) has a Rural Water Supply
Program in place to financially and physically assist farmers in building dugouts and
groundwater wells (Gibbens, 1995). PFRA’s data was compiled for both dugouts and
ground water wells in the Northern River Basins Study area. For dugouts, it was found
that there were 5000 dugouts that are being used as a source of domestic water. This
means that the dugouts provide water for all of the water needs of the home it supplies.
Theoretically, this definition would include water necessary for the drinking water supply

of the house.  Figure 2-5 shows the location of these dugouts.
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Dugouts used for
Domestic Water Supply

]

A Household 1022
@ Household & Livestock 3978

Data is based on PFRA assisted Dugouts

Figure 2-5. Dugouts Used tor Domestic Water Supply in the NRBS Area.
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It should be noted that the dugouts in the figure are only those in which PFRA has been
involved. It is possible that there are other dugouts in the Northern River Basins Study
area that were built without the assistance of PFRA and therefore, these dugouts were not
included on this map. Also, there are some dugouts in the arca that have not becn
categorized by type of use. It is possible that some of these dugouts are aiso used as a
source of drinking water. In any case, the numbers on the map suggest that many of the
people not receiving their water from a conventional drinking water treatment plant, may

be obtaining their drinking water from individual dugouts.

The type of treatment that is being used by these households is not available on PFRA’s
databases and the only way to find this information would be to survey all dugout owr.ers
which was beyond the scope of this study. The level of treatment will depend on the
intended use of the dugout water. The water quality of dugouts is not ofticially monitored
by Alberta Environmental Protection or any other agency. It is considered the
responsibility of the owner to maintain the dugout and perform any necessary treatment

and monitoring,

Figure 2-6 is a map of the location of PFRA assisted groundwater wells in the NRBS arca
that are known to be used as a source of domestic water. As siated above, domestic
means that i..:s is the water that is used to fulfill the water requirements of the home it
supplies which implies that it is also used for consumptive purposes (Gibbens, 1995).
According to Figure 2-6, there are 3409 wells that fit this description. Once again, it
should be noted that the wells on this figure are wells that were drilled with the assistance
of PFRA’s Rural Water Supply Program. David Gibbens from PFRA said that there are
likely many more wells in the NRBS area that have been drilled by other agencies. This s
particularly true for non-farming communities because it used to be the case that in order
to qualify for a grant, the applicant would have to be a “bonafide farmer” (Gibbens, 1995).
This is changing though because PFRA has changed its mandate somewhat to include the

needs of all rural residents, not just farmers.
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Groundwater Wells

used for
Domestic Water Supply
[

A Household 448
@ Household & Livestock 2918

Data is based on PFRA assisted walls

Figure 2-6. Groundwater Wells Used for Domestic Water Supply in the NRBS Area.




2.4.4 Other Sources of Information

People working in government agencies were contacted with regards to the monitoring of
drinking water quality in the NRBS area. It was found that the federal department of
Health Canada is responsible for monitoring the guality of drinking water on Indian and
Inuit reserves, in National Parks and in federally owned buildings and properties. The rest
of the drinking water in the Northern River Basins Study area is monitored by Alberta
Environmental Protection. As a result of contacting people in each of these branches, and
based on available information, historical water quality data on some of the non-
canventional sources of drinking water in the NRBS area such as water from snow and
ice is not available. However, there has been one related study done by Alberta
Environmental Protection in the Peace-Athabasca Delta cailed the Drinking Water Survey
in which samples were taken at various remote locations where people claim to be using
the water for consumptive purposes (Flett, 1994). Although the sampling portion of that

program is over, the data has not yet been compiled (Jackson, 1995).

In the spring and summer of 1995, the Other Uses Component of the Northern River
Basins Study was involved in a telephone survey of a large random sample of NRBS
residents. The survey instrument used by the Other Uses group included questions
regarding the source of drinking water consumed, types of household water treatment
utilized, as well as questions about water quality and quantity. Once compiled, the
results of this survey will provide excellent baseline information regarding the

consumption of non-conventional sources of drinking water in the study area.

The main source of information in the assessment of non-conventionai drinking water in
Northern Alberta was obtained from personal interviews with residents of the Northern
River Basins themselves. The findings from these interviews and the results from the

analysis of non-conventional drinking water samples are presented in Section 4.1 and 4.2.
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3. FIELD STUDY METHODOLOGY

3.1 Field Trip Preparation

3.1.1 Site Selection

Field work was deemed to be an essential component to this research from the onset of

the study. Research sites in the study area were chosen based on the following criteria:

a) The knowledge of the utilization of some type of non-conventional
drinking water. To a large extent this criterion was fulfilled based
on the recommendations of Northern Alberta residents, NRBS
Traditional Knowledge leaders and government health officials
who were familiar with the communities in question.

b) The willingness of the community to accept drinking water
researchers into the area to take non-conventional drinking water
samples and to talk to residents.

¢) The availability of a suitable guide from the community who would
not only act as a guide during the course of the research, but who
could also act as a liaison b.iween community members and
researchers. In all three places this task involved some language
translation.

d) The accessibility of the community in question.

e) The geographical location was considered because it was desirable
to have samples from different locations in the study area rather
than a cluster of samples from one geographical area.

f) The size of the community was also a factor to a lesser extent.
Smaller communities were preferred because they were often more
remote and as a result may have had a higher usage of non-

conventional drinking water.
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All of these criteria were met for the three stu:ly sites chosen which are shown on the map
in Figure 3-1. The first of these was in the 'art Chipewyan area which is the central
meeting place of all three river basins. Research in this area was conducted from
September 26, 1994 to September 29, 1994.  Secondly, from October 31, 1994 to
November 4, 1994 communities near High Level, John D’Or Prairie and Fox Lake were
visited, people were interviewed and samples were taken. On February 28, 1995, water
samples were collected from Atikameg which is located north of Lesser Slave Lake in the
Peace River Basin. Since the three sites chosen for research were all located within or
near Treaty 8 Indian Reservations, the local Chief or Band Leader was consulted to ensure
that it was all right to do non-conventional drinking water research in their communities.
This was done in accordance with set protocols established between the Northern River

Basin Study and Treaty 8 communities.

3.1.2 Obtaining a Community Guide

Une of the most important arpects of the interviewing and sampling component of this
thesis was the support and knowledge of a resident of the community visited that acted as
a guide during the field trips.  The selection and cooperation of a good community guide
was of paramount importance to the success of the field work.  Guide selection was
completed prior to visiting the communities and was based on the recommendations of
others. For the Fort Chipewyan trip, Fred Fraser was recommended as a knowledgeable
guide who also owned a boat so that we could reach some of the more remote locations in
the area. The second field trip up into the High Level, John D’Or Prairie and Fox Lake
area was somewhat different because it was planned in conjunction with some work being

conduct=d by the Traditional Knowledge Component in the same area at the same time.
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Sites Visited

Figure 3-1. Sites Visited in Assessing Non-Conventional Drinking Water
in Northern Alberta




The primary guide and interpreter in this instance was Lea Bill, although a guide from
each community was hired upon arrival. In John D’Or Prairie, Lester St. Arnault assisted
in the field work and in Fox Lake this task was undertaken by Lesley Laboucan. There
are also several non-native communities in the High Level area. Therefore, prior to this
trip, the Regional Environmental Health Officer, was contacted for his input regarding
non-conventional drinking water in the non-native areas up there. As it turned out, he also
acted as a community guide for a day in the areas around High Level, Fort Vermilion and
La Crete. Water sampling records were also available for perusal at the Health Center in
High Level.  The guide for the third and final field trip was obtained through Health

Canada contacts. The location of the *=! ." ~-'d trip was chosen to be somewhere in the

central part of the Northern River Ba: 41 because sites in the north east {Fort
Chipewyan), north west (High Levci), seatral had already been visited. A
community was found in which 2 _>my - :iealth Representative (CHR) wouid be

availabie to act as a guide for a day. The ccinmunity was Atikameg and the guide was

Rosie Chalifoux.

3.1.3 Arrangement of Dates for Field Work.

The recommended guides were cu.tacted in each community to discuss the objectives of
the field research and to ask them if they would be willing to take on a job as a guide for
the project.  If they agreed, then a suitable time to come into their community to do the
work was arranged. After the dates were decided, other travel arrangements could then
be made such as transportation and hotel reservations. A few days prior to visiting the
coinmunities, the gides were contacted again to confirm coming into the area and to

arrarge a prospective meeting time and place upon arrival.
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3.1.4 Preparation of Interview Questions

For the first field trip up to Fort Chipewyan, a list of questions for interviewing purposes
had been prepared regarding non-conventional drinking water utilization and treatment,

drinking water quality perception and health related questions as in Figure 3-2.

These questions were essentially memorized prior to going into the communities for ease
of questioning the interviewees in the field. Although these questior: s were not asked
word for word for reasons explained later, the general topics of source of non-
conventional drinking water, treatment applied and perceived health effects were covered

in the interview s_ssions.

3.1.5 Selection of Sample Parameters

The samples to be collected were analyzed for several physical, chemical and
microbiological parameters. Some of this analysis was to be done in the field at the site of

collection and some of the tests were sent to a laboratory for further analysis.

Most of the physical and chemical parameters that were analyzed in the field are routine
parameters that give a general description of the composite water sample and those that
affect the aesthetic appeal of the water for drinking. The work carried out by Prince ¢r al..
(1995) was consulted in deciding which physical and chemiical parameters to analyze for.
The parameters that were tested in the field were turbidity, temverature, pH. conductivity,
free and total chlerine (if applicable), ammonia. odour and colour. Turbidity was
measured with a portable Hach turbidimeter that was calibrated with prepared formazin
suspensions. A pH meter was used for the pH measurements and the rest of the field

analyses were performed with a portable Hach Drel/5 Spectrophotometer.



GENERAL INFORMATION
Nanme:
Location(en map. schematic)
~Age:

DRINKING WATER QUALITY RELATED

RAW

1. Where do you get vour drinking water from?

2. Where do you get your drinking water from when you are living off the land?
3. Have you noticed any changgs in this water over time?

TREATED
4. Vo vou do anything to this water before vou drink it?
5. Have vou always donc this?

If Boil

a) What method do you usc to boil the water? (Fuel. gas. wood)
b) How Jong do you boil for?

¢} How much water do vou boil at a time?

d) Where do you store the water that you don’t use?

If Halogenate

¢) What disinfizctant do vou use? (Chlorine. lodinc..)

f) What form? ttablet. liquid. powder)

g) Where do vou get it from?

h) How much water do you usc with the disinfectant(Dosc)?
If Filtration

i) What kind of filter do vou use?

J) How much water docs it filter?

k) Do you do anything clsc to it?

STORAGE/DISTRIBUTION

6. Where do you store the cxcess water?
7. How long do you keep it there before you fill it up again?

OTHER USES
8. Where do you obtain your water for washing dishes? brushing vour tceth? cooking”

HEALTH EFFECTS

9. Have you or anyonc you know been sick as a result of your drinking water?

10. What were the symptoms? nausca? cramping? diarrhca?

I'1. How long did it last?

12. Did you visit a hcalth facility? Did they give you any medication? What kind?

Figure 3-2. Non-Conventional Drinking Water Interview Questions
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The metals selected for analysis were chosen based on all of the heavy metals that are
regulated in the Guidelines for Canadian Drinking Water Quality either for health reasons
or aesthetic reasons. This included Boron (B). Arsenic (As), Barium (Ba), Cadmium
(Cd), Chromium (Cr), Copper (Cu), Iron (Fe), Manganese (Mn), Lead (Pb). Mercury
(Hg), and Zinc {Zn).

A wide variety of microorganisms were chosen for analysis to try to get a more
representative profile of the microbial population of the water sample. The
microbiological enumerations that were performed by the membrane filtration technique
were: total coliforms (TC), fecal coliforms (FC). heterotrophic plate counts (HPC), fecal
streptococci (FS), Klehsiella, Yeasts and Molds. Total colitorms and fecal coliforms are
regulated in the GCDWQ. and therefore any drinking water study would be negligent if
these two microbial indicators were not assayed. The Fecal Streptococci group of bacteria
are comprised of species “om the Streprococens genera that possess the Lancefield group
D antigen (WHO. 1993). Fecal streptococci are more numerous than coliforms in the
feces of farm animals. cats. dogs and rodents. K/ehsiella was chosen because these
organisms have been associated with pulp mill wastes (Emde. 1995). Therefore, due to
the relatively large number of pulp mills in study area. the enumeration of these
microorganisms may provide insight into the effects that some of these mills ma\v have on
the water systems. Yeasts and molds are types of fungi that are found in the aquatic
environment. Yeasts and mo.ds in a water supply are associated with taste and odour
problems in drinkir.g wit.- - aw were therefore also included in the analysis (Emde. 1995).
In addition, duc to the thick cell wall of yeasts, these organisms have been found to be
resistant to disinfection by free chlorine, and are frequently reported in finished drinking
water supplies (AWWA, 1990). And finally, Heterotrophic Plate Counts were assayed to
determine the general population numbers of both slow growing (7 day HPC) and fast
growing hactcria (48 hour HPC) that are likely related to pathogenic types that may "¢
present in sewage pollution (McFeters, 1990). Ideally, it would have been good to sample

for viruses and protozoans as well, but due to the associated time, c. 'mplexity and high



cost of these analyses, it was deemed to be beyond the scope of this study. For example, a
single Giardia analysis requires a very large volume of water and can cost several hundred
dollars. With these constraints in mind. viruses and protozoal agents were nct analyzed

for in the samples collected.

The Total Organic Carbon (TOC) content and the Trihalomethane Formation Potentials
(THM-FP) were also determined for the samples. Total organic carbon was chosen as a
method or assessing organic content in the samples. i.-nked to this is the trihalomethane
formation potential. The theory is that the higher the TOC content the greater the
potential the sample has in forming THM’:  Trihalomethanc concentration was
determined for each sample before and after dosing using liquid-iiquid extraction with a

Hewlett Packard 5790A Series gas chromatograph.

3.1.6 Preparation of Equipment and Supplies

The preparation of the water sampling -:quipment and preparation for the analytical tests
to be performed were completed prior to field trips. Al! of the media for the
microbiological assays was prepared and refrigerated a few days before the field trip. The
number of plates to be made “vere calculated based on the expected number of samples to
be collected plus extra additional plates that would be sufficient to cover sour or five extra
samples. All of the glassware and collectior. bottles were cleaned and all of the equipment
to be used in the microbiological assays were sterilized in an autoclave. Lists of the

necessar;, equipment and supplies necessary for each tield trip are inciuded in Appendix C.
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3.2 Procedures in the Rescarch Communities
3.2.1 Meet with the Community Guide

After meeting the guide in each community the objectives of the research and the
establishment of some sort of sampling and interviewing itinerary for the following d. v(s)
in thi: ~ommunity were discussed.  Although it was often the case that the sampling
v:-rtion and the nterviewing portion of this research was conducted in unison, the two are

aiscussed separately.

3.2.2 Interview icsidents.

Field interviews were conducted with community resicents that were willing to sharc their
ideas and experiences in regards to non-conventional drinking water supplies in the study
area. People were approached using a snowball sampling referral method (Babbie. 1952).
For the most part. the majority of the interviews were obtained with the help of the
community guide and were with the people that he or she knew. However. another route
tried was to visit to the local heal:h unit in each community and discuss the research with
the nurses and CHR s there and ask them for their insights. ideas and suggestions. In
addition to the useful information obtained from the Health Center staff, often these
people provided the names of suitable individuals who may have relevant infor:nation

ccgarding non-conventional drinking water in Northern Alberta.

The interviewing format was informal which had its successes and limitations.

Nonetheless. some valuable information was obtained using this surveying method. The
interview would typically begin with intraductions fi:llowed by an explanation of the
research and its cbjectives.  Afier this, a map of the area would be opened onto the table
which seemed to foster dialogue. The conversation that followed was directed to include

a discussion on the four main areas of interest to the research topic including;



1. Sources and utilization of non-conventional drinking water
supplies.
2. Type of treatment, if any, applied to the non-conventional
source of drinking water obtained.
3. Their drinking water quality concerns and general water
qualitv concerns.
4. The. perception of how their health ha. .1 affected by
drinking water quality; both conventional and non-
conventional drinking water.
After following this informal format of interviewing for the first field trip. the interview
method was altered based on methods described by Babbie (1992). It was thought that a
more structured interview would provide grounds for better analysis. So, on the next
field trip, one interview was tried in which the questions were asked usmg the format in
Figure 3-2. Ms. Bill was present during that interview and later said that she felt that a
less formal surveying format would b better. Theiefore, for the remainder of the

interviews a less structured format simular to that described above was used.

Throughout the course of all interviews keywords and sentences were written down with
perniission from those being surveyed. More details were added to the notes immediately
after the interviews  Before leaving the place where the interview was b. ing conducted,
the persons name and address was obtained so that they could be contacted with the

results or with any future questions.

3.2.3 Water Sample Collection

Approximately 4.25 L of water was collected from each sampling location. The

breakdown of volume of sample collected for the different analyses was as in Table 3-1.

59



Table 3-1. Sample Volume Requirements for Analysis.

Analytical Measure Volume Required
Microorganisms 2L

Routine Phys-Chem 500 mL

Metals 500 mL

THM Formation Potential 1L

THM’s 50 mL

Odour 200 mL

All of the samples were collected in accordance with methods 9060A of Standard
Methods (APHA, 1992). Samples were preserved and stored in accordance with
Standard Methods 9060B. Several photographs of each sampling location were taken
and the sampling spot was plotted on the map. Variables such as ihe date, time. method
of collection, weather conditions, terrain and rype of sample were recorded in the lab

book. All sample bottles were clearly labelled before being put into the cooler.

3.2.4 Water Sample Analysis
3.2.4.1 Physical and Chemical Tests in the Field

A few of the parameters were measured immzdiately at the site of collection. This
included temperature. turbidity. and odour. Immediately after the samples were collected
and a suitable location was found to set up the other field instruments. the levels of the
following parameters were determined: (1) ph. (2) free and combined chlorine, (3)
ammonia, (4) colour. and (5) conductivity. A portable Hach Spectrophotometer was
used in all of these determinations except for pH in which a portable pH meter was used
The procedures used in these determinations were carefully followed as described in the

manuals for the portable instruments used.
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3.2.4.2 Microbial Analysis

Since microbial analyses of water samples is required to be done within 24 hours of being
collected, samples were packed with ice a.d couriered back to the University of Alberta
Environmental Engineering Lab for analysis immediately after beinz collected. Even
though the microbiai analysis was not done in the research communities, a brief discussion

of the methods used to enumerate the microorganisms follows.

The membrane fiitration technique was used in the microbial analysis of the waters
sampled. In this method, samples were filtered through individual sterile membrane filters
with a specified pore size rating for the target organism. Tiic membrane filter w s then
piaced on selective media for each organism and incubated for the time specified in
Standard Methods (1992).  After the incubation period, the cclonies formed on the plate
were counted and the number of colony forming units (cfu) in the original sample was
calculated on a per volume basis. The media, incubation conditions and relevant Standard

Methods reference for the microbial analyses performed are listed in Table 3-2.

Table 3-2. Microbial Assay Conditions.

Microbial Selective *.!edia Incubation conditions | Standard Methods
Parameter (1992) Reference
TC m-Endo agar 35°C for 24 hours 9222B

FC m-FC agar 44.5°C for 24 hours 9222D

FS mE agar 35°C for 48 hours 9230C
Klebsiella FCIC agar 35°C for 24 hours 9222F
Yeasts Sabouran Dextrose 20°C for 7 days 9610D
Molds Rose Bengal 20°C for 7 days 9610D
2day HPC | R,A agar 35°C for 48 hours 9215D

7 day HPC R,A agar 20°C for 7 days 9215D

61




3.2.4.3 Other Analyses on the Samples

Acidified samples were sent to an outside lab to be analyzed for heavy metals by Atomic
Absorption. Upon returning from the field the TOC of the samples were determined and
the Trihalomethane Formation Potential of the first two groups of samples were
determined as described in Standard Methods (1992) 5310 and 5710 respectively. The
chlorine demand for the samples was determined based on a 3:1 ratio of chlorine to TOC.
It was found that this dosing was insufficient to maintain the required chiorine residual
after the 7 day reaction period. Therefore. four of the sampies were dosed again using a
6:1 Chlorine: TOC ratio. Even at this dose there was insufficient chlorine for the

maintenance of a residual.

3.3 Post Field Trip Procedures

Upon returning from the field trip. the remainder of the analyses on the water samples
were performed. These included counting the colonies formed on the microbial plates,
Total Organic Carbon (TOC) determination, THM Formation potential for the first two
sampling sessions and sending the acidified samples away for met .'s analysis. A follow-up
phone call was made to the community guide to thonk him or her :or their assistance and
to clarify any questions.  Finally. at the completion ot the study, a copy of the research
findings were sent to a representative from each community involved in the research to be

distributed to interested individuals.
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4. FIELD STUDY RESULTS

4.1 Results from Interview Component

During the field trips a total of 28 people were contacted and questioned regarding their
experiences with non-conventional drinking water in the NRBS area. Since some of the
interviews were conducted in a group setting (with more than one person being
questioned at the same time) there were only 19 actual questioning sessions. A tetal of 16
men and 12 women were interviewed. Table 4-1 gives a breakdown of the general
information about the interviews at each site visited.

Table 4-1. General Information about the Field Study Interviews.

Fort John High Levcel. Fox Lake | Aukamceg Total
Chipcwyan D'Or Fort Vermillion
Prairic and La Cretc
Total Number of’ 8 4 3 3 1 19
Intcrvicws
Total Number of 15 4 2 5 ] 28
Pcople Questioned ]
Nuniber of Malc 10 2 1 3 0 16
Respondents
Number of Femalc S 2 2 2 ] 12
Respondents
Individual 3 4 3 1 1 12
Interview Scssion
Group of 2 4 0 0 2 0 6
Interview Scssion
Group of 3 0 0 0 0 0 0
Interview Scssion
Group of 4 I 0 0 0 0 1
Intervicw Scssion

The general findings from the interviews will be discussed under each of the three main
areas of questioning. These three arzac are (1) Drinking Water Quality and Health
Related Concerns, (z) Sources of Non-Conventional Drinking Water Utilized, and (3}
Non-Conventional Drinking Water Treatment Methods. Due to the informal format of
the interviews, the results obtain~d are qualitative.  Therefore, no attempt was made to

fit these findings into a statistical model. In addition, the results reflect the individua!



responses of people interviewed and do not necessarily reflect the attitudes and practices

of all residents in the study area.

It should be noted here that throughout the field study results section, several study area
residents are quoted or referenced. Although this may not be the protocol for all scientific
papers, the reporting of information in this instance is followed as required in the Northern

River Basins Study’s (1994) A Guide for the Preparation of Reports. It is written in this

document that “personal comrnunications should be handled in the text (of the report).”

It also states that “when reference is riade to information from a personal
commuscation...the nrame and identity or address of the communicator (should appear) in
parentheses in the text (NRBS. 1994)." Therefore, information obtained from the study
area residents is acknowledged and credit is given to the person who contributed to the

findings of this research through his or her knowledge.

4.1.1 Drinking Water Quality and Health Related Concerns in the Study Area

From talking to people in the areas visited. it was found that there is great concern over
the quality of the drinking water in Northern Alberta. Many of the people expressed an
uneasiness about the practice of using chlorine (“Perfex” or “Javex as it is commonly
called) in drinking water treatment. Some people dislike the taste of chlorine so much

that they further treat the water to try to remove the chlorine.

Aside from the aesthetic bad taste and odour of chilorine, people in the study area also
associate a health risk with drinking chlorinated water. Some people refuse to drink
water from the treatment plant because “they think that it would affect them more” than
drinking water from the lake (Marten, 1994a). Ms. Marten (1994a) explained that it does
not make sense to the people to “dump poison into their drinking water.” These same
concerns were reiterated at all three study sites. There were several health related

concerns regarding the effects of consuming chlorinated drinking water supplies. One
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reason given was that the treatment plant water clogs veins. Another reason cited was
that drinking chlorinated water causes an allergic reaction resulting in iliness. By far the
greatest health concern cited by those interviewed was that people felt that the rate of
cancer in the study area is rising and this may have something to do with drinking water.
The association of drinking water and cancer was discussed by most of the people
interviewed in the Fort Chipewyan area. There is certainly some validity to these
concerns regarding potential carcinogens in treated drinking water supplies since there
have been scientific studies done that suggest that there may be a link between disinfection
by-products and bladder cancer (WHO, 1993). However, as stated by the World Health
Organization (1993), the microbiological quality of drinking water must take precedence
over disinfectant-by-product guidelines in such a way that “disinfection must never be

compromised.”

Besides drinking water from the treatment plant, many residents of the study area obtain
drinking water from natural water bodies, particularly those that live in remote locations
and live off of the land. Therefore, the people interviewed in this situation had different
drinking water quality concerns. These people were not so concerned about chlorine,
rather, the poor quality of the lakes and rivers in the area were more important to them.
Several of the people talked to attributed the degradation of the surface water to industrial
pollution.  In the Fort Chipewyan area, people talked about the brown foam that would
develop if surface water in the area was used to make tea or coffee. Apparently, the
beverages consumed using a water of this nature did not taste very good. It was said that
the Athabasca River was particuiarly polluted and people generally do not use this water
ior consumption if they can use another source. In the Fox Lake and John D’Or Prairie
area, people do not take water from the Peace River anymore because it is “murky” and
“polluted” (St. Arnault, 1995). People living in remote areas near these suspected
polluted sources have been forced to change their drinking water habits as a result of the
perceived poor water quality. One person living in a remote location in Northern Alberta
drives to a location 30 minutes away tc collect drinking water from a small stream even

though his home is located at the mouth of a river.
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it is interesting to note that during these field trips, adverse health effects associated with

microbial pathogens in drinking water was not a great concern to those interviewed.

4.1.2 Sources of Non-Conventional Drinking Water in the Study Area

All of the sources of non-conventional drinking water mentioned by the interviewees is
discussed under the general headings of (1) self-hauled conventionally treated water’
(2) surface water; (3) ground water; (4) environmental watcr; and (5) purchased bottled
water. Appropriate examples of the utilization and a general discussion for each of the

given types of non-conventional drinking water supplies is below.

4.1.2.1 Self-Hauled Conventionally Treated Water

The reason that this conventionally treated drinking water is included in a list of non-
conventional sources of water is because “self-hauled™ treated water it is not obtained by
the conventional method of distribution. The self hauling of conventionaiiy treated water
refers to those individuals that take water from a community tap somewhere in small
carrying jugs and transport them to the place of consumption. Therefore. this water can
remain out of the distribution system for a longer than recommended time and therefore

should not necessarily be considered as a safe treated water supply.

John and Lena Courtoreille from Fort Chipewyan I'.. > a cabin on Prairie River about

37 km southwest of Fort Chipewyan. They use this cabin for traditional activities
throughout the year such as hunting, fishing and trapping. For the past ten years. they
have been hauling treated water trom Fort Chipewyan in five and ten gallon containers
(Courtoreille, 1994). Hauling treated water in small c~utainers for short “living off the
land™ expeditions is commonly practiced by many people. In many cases a thermos of tea

or coffee may be ‘hauled" instead of plain water for day trips. This practice of self-hauling
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of treated water in small containers is also piaciiced in non iicuive communities and in
other parts of the province. For many people living in remote locations, treated water is
collected from public buildings, such as the Health Unit or school, and carried back to

their homes in small containers.

It is apparent that there are many people in the study area that are burdened by tasks such
as hauling water in order to obtain a safe suppiy of drinking water. Self-hauling from
standpipes, treatment plant, nursing station, wells and schools places a heavy burden and
inconvenience on the consumer which would tend to keep water consumption low,
particularly in the winter (Brocklehurst er al., 1985). Studies have shown that those who
must haul water will almost never have all of the water necessary for ordinary demands
and decreased quantity of water used has been implicated with poorer health (McJunkin,
1982). Another problem with hauling water in small containers is the potential for
contamination. ‘1 he storing of drinking water for any length of time increases the
likelihood of generating large quantities of bacterta. The longer t - water is siored, the
poorer quality it is likely to be (Gabler er a/., 1988). Froni one of thc locations visited
where water was being hauled in 5 and 10 gallon containers, it was sitting at room
temperature and the residents would haul enough water to last them for a week at a time.
In order to prevent excessive bacterial growth in water stored outside the distribution
system, it is recommended to refrigerate the water and not to let it sit for more than two
days before consumption (Gabler ¢7 al., 1988). This obviously has its limitations in
situations such as these where refrigerator space is limited or non-existent, and long

excursions to the treatmernt plant for more water every second day is impractical.

4.1.2.2 Surface Water

Surface water includes lakes, rivers, ponds, streams, reservoirs, dugouts and any other

body of water that has direct contact with the atmosphere.
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Lake, River or Creek Water. There are many people in the studv area that profess that

they drink the water directly from lakes, rivers and creeks. A few of the examples of
residents claiming to drink untreated lake or river water are numerous and are described
below. As a child, Terry Marten (1994b) and her family lived off of the land following
the animals in the Peace-Athabasca Delta. She recalled that sometimes they would obtain
their drinking water from a nearby lake or river and drink it untreated. Raymond and
Yvonne Ladoucer (1994) have a cabin at Big Point on Lake Athabasca. They obtain their
drinking water from Keane River which he says is crystal clear and does not need any
treatment whatsoever. He drives to a remote location on Keane River and collects 25 to
35 gallons at a time. This will generally last them 4 or 5 days. Each year there is a
pilgrimage event at Little Red River near Fox Lake in which hundreds of people attend.
Even though there is a drinking water truck at the event, many people choose to drink '
water right from the river as has been done in the past (Laboucan, 1994) ne resident
who was at the event in the summer of 1993, mentioned that the water i« * the river vas
“very good” even though this individual said that he had diarrhea all the way home from
the event. The cause of this persons diarrhea could have been the result of so many
factors, but one would have to consider a waterborne illness.  Yet. it should be noted that
none of the other people interviewed who used untreated surface water said that they had

suffered ill-health as a result of drinking untreated water.

Brocklehurst ¢r al.. (1985) state that “self haul from lakes or creeks has all the
disadvantages of handling, storage and low consumption plus the obvious problem that the
water is usually contaminated at the source.” It is well established that surface waters are
not free from pathogenic risks. Even pristine waters (protected from human activity) have
been found to contain pathogenic organisms (Rose ¢t «/., 1991). This is because
microorganisms that are pathogenic to humans can also be carried by animals. For
example, (iiardia lamblia is a human parasite that has also been found in beavers,
muskrats, dogs, cats, deer, and rodents to name 4 few (Hibler and Hancock, 1990). Birds

and waterfow! can also be a source of microbial contamination.
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Another aspect that must be considered is that the sanitation in remote areas is generally
with pit privies which are often poorly constructed and maintained. Runoff from these
privies may result in the fecal contamination of nearby lakes and creeks

(Brocklehurst er al., 1985). A situation like this was noted in a remote area in the Peace-
Athabasca Delta. An improperly constructed outhouse allowed smail animals to scatter
toilet paper and human waste in the surrounding area. It is possible that this debris could
have made its way into the nearby lake or could have percolated into the nearby newly
constructed well. Furthermore, garbage wastes in this same location had also been
haphazardly disposed of, and may have contributed significant pathogen relea-zs to non-

conventional source waters.

As a result of the potential pathogens that exist in untreated surface waters, consuming
raw lake or river water is certainly a risk factor for acquiring a waterborne disease. A
lack of treatment, or inadequate treatment accounted for the majority of the waterborne
disease outbreaks reported in the United States in 1991 and 1992 (Moore er al., 1994).
Based on the fact that there are people who claim to drink untreated water in the study

area, thit  .ement can probably be applied to Northern Alberta as well.

Dugout Water. There are many dugouts in the Northern River Basins Study area.
Dugouts are a popular source of water in rural remote areas where groundwater is of poor
quality, of limited quantity, or unavailable altogether (Alberta Agriculture, 1988).
Dugouts are basically a large excavated hole in the ground that acts as a water reservoir.
Water from the dugout that is pumped into the home typically undergoes some form of
treatment prior to consumption, either at the point-of-entry or the point-of-use. The
treatment process employed is dependent on the raw water quality, the volume of water to
be treated and the economics involved. Dugout water has all of the problems associated
with most surface water supplies; and then some. It is important that many factors are
considered when designing a dugout including the nature of the drainage area, the soil

type, areas of potential contamination, distance to point of use and daily water
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requirements (Alberta Agriculture, 1988). Some of the common drinking water quality

problems associated with dugouts is presented in Table 4-2 along with possible treatment

strategies.

Table 4-2. Common Dugout Water Quality Problems and Solutions

100000 gallons of water on
surfacc. Let scttle.

Walter “juality Causc Treatment at Dugout Trcatment at
Problem Housc
Microbial Agricultural Runoff | Use ditches and dikes to Filtration and
Lontamination divert objectionable runoff Disinfcction
Domestic Sewage Locate dugout away from Filtration and
Contamination domestic waste discharges Disinfection
Dircct contamination | Put a fence around the Filtration and
by animals dugout Disinfccticn
Turbidity Ercsion from the Plant grass in the watcrwayvs | Filtration
(Suspended Matcrial | watcrshed and area around the dugout
in the water)
Storm Runoff Sprcad 14 Ibs of alum per Filtration

Taste. Odour and
Colour

Algac

Apply 1 1b copper sulfate per
100 000 gallons water in
spring. summer and fall.

Water Weeds

Apply herbicide

Do 1iot consume
ior 24 hours after
herbicide applicd

Dccomposing
Organic Material

Acrate and keep trees 100
feet from dugout edge.

Iron and iron bacteria

Filtration and
Disinfcction

Hardncss

Calcium and
Magnesium 1ons

Water Softener

(adapted from Alberta Agriculture, 1980)

Watering Hole. A watering hole is essentially a community dugout. Al vi' the same
elements are invoived except that water is treated at the site (if at all) instead of in the
individuals home, and water trucks are used to transport water to the poini ofuse. There
are several watering holes in the High Level area that are set up to tak: the demand off of
the municipal drinking water treatment plant from farmers that need to water livestock.
Although it is clearly marked that the water is not meant for human consumption unless
boiled, an Environmental Health Officer from High Level suspects that some people may

use this as their drinking water source.
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4.1.2.3 Groundwater

It seems as though groundwater is a favoured source of drinking water for some people
living in the study area. Groundwater is contained in porous spaces in rocky material
below the surface and moves in areas called aquifers. Groundwater has long been
considered to be of good quality. because the soil barrier acts as a protection from surface
poilutants (WHG, 1993). However, it is not impossible for groundwater to become
polluted. There are many modes of entry of pollution into groundwater supplies v z2se
inciude direct injection through a well, leaching through the soil and infiltration of polluted

surface water sources among others (WHO, 1993)

In order to use groundwater as a source of drinking waier, it must somehow find its way
to the surface. Sometimes this occurs naturally as is the casc with artesian we' -
springs. Other times, groundwater remains in the aquifer until the water is « 7. vn - by a

pump through a well.

Spring Water. A spring is defined as an opening in the ground surface from which

grouncwater freely flows (USEPA, (974). Artesian wells cr springs occur where the
water table comes into contact with the atmosphere or through faults 1n reck layers
thiough wkich water from an aquifer can trickle up. there is o groundwater spring
netween fohn L’Or Prairie and Garden River that is considered sacred by local residents.
Many people from John D’Or Prairie travel 37 km to this spring to collect thei 'rinking
water.  This particular spring resulted in a fairly large reservoir of water that collected in
a nearby depression. Therefore, altiough this woter originated fiom the ground, its
contact with the atmosphere means that it is susceptible to contamination typical uf

sutface waters.

It 1s possibie to protect spring water sources by building structures to encase ihe supply of
water coming from the spring  The nain components of a spring encasement structure

include a system of perforated coliection pipes, a covered impermeable storage tank and a
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r d of colie~ting the water. Other important features include the provision of a
surface water diversion ditch, allowance for overtlow from the spring and provision for

cleaning and emptying the tank when necessary.

Well Water. Thete are man .. . water wells in the NRBS area that are used for
househol! “'rinking v tersupp.  'n most instances. groundwater wells utilize

specialized dritling -quir-nent that has replaced the pick and shovel method of s ;aching the
water table. Howeve - ere are still peonie in the Fox Lake arex that live off of the land
who obtain drinking water trom very shalicw hand dug wells.  Apparently, when hunters
are in the wilderness. they will dig a two foot hole in the ground nnd wait for the water 1o
seep up into th2 hole so that they can collect it to drink it (Labcucan. :994) Aithough,
by definitiun this is a groundwater well. it 15 a primitive one and tcchnoiowy today has
allowed for the extraction. water from very deer: and protected aguifers. W-iars
extracted ,vom these “well protected aquifers are usually free from pathogenic
microvganisms and the distribution of untreated groundwater ‘s a common practice i

many countries {(WHQ, 1993)"

Grounawater has long been considered a Jesirable source of d.vviastic water. There are
probably mary uroundwater sourct s in the study area that s-c: (he Canadian Drinking
Water Quality Guidelines without any treatment at ali.  But. aquifers can become
contaminated and sometimes the natural levels of certain inorganic chemicals are high
cnough to constitute a risk to health. If groundwater was used in this case. treatment may
be reguired.  An example of this was a well in the Fort Vermillion area that serves about
[5 people. It had been found that the well water had a nitrate concentration that exceeded
the health limit set in the Guidelines for Canadian Drinking Water Quality (Bingham,
1994). The source of the contamination was uncertain but could have been the result of a
number of factors including sewage contamination, surface water infiltration, or leaching
of nitrates from decomposing organ‘c matter nearby. !t has been suggested by the

Northwestern Health Unii that the families affected invest in a reverse OSMOSIS treats,.ont



unit which is effective at removing nitrates (Bingham, 1994). This would be a valid

application of effective point-of-use technology.

If avanable, well water can be an cxcel'ent alternative for people that live in remote areas.
A well can be located so that hauling in minimized, there is an adeq: ate quantity available

and the quality is generally very good se treatment. if any, is minimal.

4.1.2.4 Water from Other Environmental Sour.:es

Although all water is from the environment. a sepa. ate hez:iive called Vidder from Other
Lnvironmental Saurces is included for some of the lesw . » -+« -w drinking water
sources in Canada that 2re not obviously surface or groundwater. In this thesis. water
from cther environmental «.urces is considered to be any water that is obtained from

entities su " as snow, ite, rain, trees or the muskeg,.

Snow Water. In the v nter time, snov: is a popular source of non-co=venti.nal drinking

water in the study iea, particulariy for “rappers. But trappers ure not the only ones that
melt snow for drinking water. Supposedly, one lady living near Rocky Lane in the Peace
River Basin collects snow in her cistern all winter so that she will . able to drink snow
water in the sur=mer merihs (Bingham, 1994).  Also, afler a 1ecent water main break in
Atikam 2, pec 'z onthe p°  (distribution system were without treated water until the
problem was solved A nurse in the area said that she thought that many people were

using snow for water during this time (Schleifer, 1995).

Ice Water. The winter ice cover on lakes and rivers is another source of non-conventional
drinking water in Northern Alberta. Saws, chisels and axes are used to cut out blocks of
ice (St. Arnault, 1995; Chalifoux, 1995). Although chainsaws make this job much easier,
they are not always used because they tend to leak oil and grease onto the ice and into the

water (5t. Arnauit, 1995). Chalifoux said that the blocks taken from Utikuma Lake near
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Atikameg are usually about one square foot, but with some of the new equipment
available, larger blocks can be made. Once the blocks are made, they are hauled out of the
water using a rope and a ramp and taken to the house o ve melted for water or stored to

be used later (Health and W _ifare Canada, 1973).

The quality of the wai: o iained from the ice blocks wili be atout the same as the quality
of the lake or river th .t covrs.  Since microorganisms are generally capable of
surviving freezing temperatures, it should be assumed that the ice water is contaminated

and appropriate precautions should be taken, such as boiling the water for tea or coffee.

Lester St. Arnault gave a good example of the changing quality of the ice water obtained
from the Peace River. He said that people from the Little Red River Cree Band used to
use ice from the Peace River for their drinking water. “Mow." he says. “the water you get
from the ice is murky.” It has sediment and it is not as clear as it vsc ¥ to be. In the past
the ice was a bluish color before it was melted and after it was meltad the water was clear.
w. theice is cloudy the water is dirmv and people don't use it so much anymore (St.

Arr ault, 1995).

Rain Water. Ruin water harvesting as a source of water for domestic consumption has
been practiced thiorghout the world for many vears (Mayo and Mashauri. 1991)

Apparci tly, the Northern River Basins Study area is no exception Lester $t. Arnault
(1995) of John D'Or Prairie said that it is “quite common to see barreis around for
coliceting rain.” Rain water is collected in 45 gallon barrels in the spring and summer
months. One person who was asked about this practice in the north said that using rain as
a source of drinking water is not as common as it used to be because people are afraid of

the acid rain.
A 1974 USEPA document stated ihat precipitation in the form of rain, snow. hail. and

sleet contains very few iapuritics. Aithcugh it may contain trace amounts of mineral

matter, gases. and other substances, it has virtually no bacterial content. However. one
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the precipitation reaches the surface of the carth, there are many opportunities for the
introduction of chemical and microbial pollutants (USEPA, 1974). A study in Tanzania
assessing the quality of rainwater for consumptive purposes showed that 45% of the
samples collected were contaminated with Total Coliforms, 14% with Fecal Coliforms and
53% with Fecal Streptococci (Mayo and Mashauri, 1991). The reason for this
contamination was due to the improper collection and storage of the water. The quality of
the collected rainwater was influenced by the quality of the precipitation, deposition on the
collection surfaces and the introduction of other contaminants into the system (Mayo and

Mashauri, 1991).

Birch Tree Water. A traditional non-conventional source of drinking water is available

ever: :pring in some areas. In April and May, birch trees are tapped for “really good
drinking water (St. Arnault, 1994).” A 10 mm deep and 50 mm long incision is cut on a
slant on the bark of a fairly large diameter birch tree. A twig is placed in this incision to
act as a rai so that the water can drip into a bucket beluw. The next .aorning about 12
litres f 52 12:ich-water is collected (St. Arnauir. 1994). The water is sweet tasting and
can be made iiito molasres (Bill, 1994). Other trees such as the poplar can also be used,
but the water from the poplar is rruch foamier. After the wate: is coll:cted, the incision is
sealed back up with spruce gum so that the tree does not get an infection. The following

year, a different tree is used so that the iree does not become stressed and di= (St Arnault,

1994).

Muskeg. TE. rauskeg is soft spongy moss covered ground found in many areas of the
Peace, Athabasca and Slave River basins (Fraser, 1994; Chalifoux, 1995).  The ground
below the muskeg is saturated with warer. This coupled witn the fact that moss is
relatively impermeable to water means that if water somehcw gets on teon of the muskeg,
it is retained there until it slowly seeps through or uritil it evaporates. Sometimes, fairly
large pockets of water can accumulate in the muskeg, especially after a rain event which
rot only contiibiies vater divectly but which aizo reciarges e woundwater thereby

raising the water table.
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One resident from Fort Chipewyan talked about a family camping trip every summer in
which the potable source of water comes from the muskeg (Fraser, 1994). Muskeg water
has a slightly acidic taste. Some people think that muskeg water has niedicinal
properties. As mentioned, some people in the community think that conventional
“treatment water” will clog their veins. it is - 1ought that the cure for this ciogging is to

drink muskeg water which is an effective de-clogger.

Although some of the water found in the muskeg may have originated from the grow.id, it
is essentially subject to many of the same pollutants that surface water would be. Due to
its proximity to the soil and vegetation. it is fikely to be laden with microorganisms in
some cases. Therefore. most public health agencies woul nrebably recommend boiling

muskeg water before consumptior.

4.1.2.5 Purchased Bottled Water

Although it 1s difficult to assess the utilizatiun of bottled water in th= Northern River
Basins on an individual basis. it is definitely available to consumers there During field
trips during the course of this study. ali of the stores visite: had a selection of hottled
waters in their refrigerators. One person interviewed in the study area purchased special
bottled water for her son because she felt that the conventional drinking water supply

would have an adverse affect on his health.

Bottled water consumption in North America is increasing at a rate of 25% per year
(Smith, 1994). It has been hypothesizea that the sale of bottled water has skyrocketed
anywhere where the public suspects that the local water supply is contaminated. Since
the price of bottled water is 500 to 1000 times more expensive to buy than tap water,
selling bottled wate~ 1. . become a profitable business (G#' .o ef al., 1988). There are

many types of bottled waters on the market today.
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I Still water is any bottled water that is not carbonated. It can be natural
or it can be treated.

2. Sparkling v-ater is carbonated with carbon dioxide.

3. Spring water comes from a groundwater spring. Spring water can be
naturally carbonated or carbon dioxide may have been added by the
bottler. The word “natural” in the product name means that the water
has not been processed in any way.

4. USP purified water is pharmaceutical grade water that meets the
standards of the United States Pharmacopoeia.

5. Minerai water is water that contains a certain concentration of
dissolved salts. Sources of minera! water can be spring, still. drinking
or purified wate~. The salts can either be those present in the original
water sourca or they may have been added.

lled -~ater is any type of water that has been evaporated and

2nsed
soottled drinking water implies nothing abcut the source. It can be
from a spring, a well, a lake, a river or a household tap and it may have

been precessed in some way. it 15 basically water in a boutle.

Although in some instances, bottled water may have been marketed as the epitoniy of
healthy drinking water, chis is not necessarily the case. The general bacterial counts of
scme bottled waters can be particularly high and, the longer that the bottled water sits, the
higher the bacterial count becomss (Geldreich ¢r a/., 1978: Smith, 1994). Carbonated
brands may not have counts as kigh as uncarbonatzd varieties because carbonation lowers
the pH which is effective at killing some strains of bacteria (Gabler ¢/ al.. 1988). Bacteria
is not the only problem though. Organics can enter bottled water in several ways. First,
the raw water source used for the bottled water may contain organics  Second, organics
can somehow inadvertently be added by the bottier. An example would be hy botilers that
use chlorine in their disinfection process, thereby producing chloroform as a by-product.

Third, organics in bottled water can be leached from the bottle itself Most Lottled water
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comes “a plastic bottles. “Among the organics th-» "zach from plastic bottlcs are
plasticizzrs uscd to keep the botile flexible, mold-release compounds used to get the bottle
out of the mold when it is made. and inreacted plastic material itself (Gabler er «..

1988).”

In addition to the high general bacterial counts and the potential organic problem in
bottled waters, there have also been reports of excessive mineral levels in some brands.
For the most part. the inorganic mineral content in bottied water is generally low.
However. some brands of mineral water may not meet inorganic chemical standards with

sodium notable in the group (Gabler e ul.. 108%).

4.1.3 Non-Conventional Drinking Water Treatment in the Study Area

Boiled Surface Water. When respondein :© > .+ ed about whether the non-conventional

source of water that they collccted was treate s any way, many people said “No™ and
many others said that they used the water to make 1ca or coifee. Herbal teas made from
berries, or the stems, leaves ur bark of shrubs is a traditional beverage of most native
people and is still widely consumed today (Health and Welfare Canada. 1985). One
person in the study area suggested that when people are living off of the land that they
probably drink tea 90%% of the time and “to make good tea. the water needs to be boiled
(Marten, 1994a).” This statement is backed up by the findi: _» 0 the NRBS Traditional
Knowledge on a question about what lake and river water was used for. Ninety-six
percent of the res, ondents indicated that they would use lake and river water to make tea

or coffee (Traditicnal Knowiedge Component, 1995).
When asked about the length of time that the water was boiled to make tea. all of the

people questioned responded that as soon as the water started boiling it was ready. A

question regarding the lengih of time boiling may not provide accurate information,
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because in most cases people probably do not keep track of the exact amount of time that
the water 1s boiling. In any case, boiling has proven to be a reliable treatment method for
the removal of microbial pathogens and the fact that ‘good tea’ requires that the water is

boiled should also ensure that the water/tea is safe to drink.

Despite the low level of technology required for treatment by boiling, there are several
drawbacks that limit its usefulness. The primary one is the rec ‘rement of fuel to heat the
water. This tuel can be wood, coal or some other form. In any case, if the fuel is at a
premium, then so is the availability of potable drinking water. Another drawback is that
although toiling water will improve the microbiological quality of drinking water, the
aesthetic quality of the water is not improved by boiling. Colour will not be removed and

often the iste is compromised.
Nonetheless, boiling water is perhaps the best and v st effective method of purifying

water of questionable quality and when in doubt, water should be boiled. Boiling times

are veried in the literature as evidenced by the figures presented in Table 2-1.

Chemical Addition

None of the people interviewed claimed to add any chemicals {such as chlorine or iodine)
to their non-conventional source of drinking water prior to cos.sumption. If anything, it
was the chemicals in conventionally treated water, chlorine in particular, that may have
prompted many people to search for alternate water supplies. During the interviews there

was a noticeable zversion to the addition of chemicals to drinking water by most of those

surveyed.
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Simple Aeration for Volatile Organics Removal

In some ¢ .- i tiie Northern River Basius Study area. residents 17 :"at the bad taste and
odour w1« wuime (“Perfex” or “Javex”) in their drinking water cot«d be combatted by a
simple aeration point-of-use treatment. I:: one of the households visited. the occupants
acrated their conventionally treated water overnight so that the taste and odour of chlorine
would dissipate.  They did this by collecting about two litres of water in a plastic
contcner and letting it sit on the counter overnight before consumption. Although this is
an effective method of removing volatile organics and chlorine, ideally water should be
consumed -mmediately after treatment to prevent deterioration (Gabler ¢r al.. 1988). This

is because some types of microorganisms can grow in almost any water, especially at

warm temperatures (Health and Welfare Canada. 1985b).

Point-of-Use Water Treatment Devices

Caly one person was interviewed who was utilizing - print-oi-use device to further treat
the conventional drinking water coming to her household tap. The unit that she was using
was an NSA Activated Carbon filter that treated water by the - ful  she was using this
unit to “get rid of the chlorine™  The activated carbon filter had been in use for
approximately 6 months at the time of interviewing and the filter had not been changed
yel. Itis difficult to determine what other water treatment devices are in use in the study

area due to the limited nuinber of interviews conducted.

Sevcral peopl: interviewed who were mivelved in living off the iand activities described a
simple point-of-use “device™ often used to filter drinking water. The POU article was a
piece of cloth. ~ Several metho-is of 1:-ing <loth to filter the water were described. One
person used a special cloth bag and poured water into it as if it was a jug and collected the

effluent in a container below.  Another method was to place the fabric over the opening
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of a jar containing untreated water and pour the water ths ough the cloth into another

containar

It would be remiss to exclude the utilization of package drinking water treatment plants
(package plants) in Northern Alberta. Although these types of systems typically involve
cenventional drinking water treatment processes, they are mentioned here because often
these package plants are often used in conjunction with a non-conventional drinking
water source. tor example, many homes with dugouts may have a package plant that
treats the water prior to consumptior. Since no interviews were conducted at homes
where a dugout was used, it is difficult to comment on the types of package plants in use.
However, it is probably safe to say that some homes have highly technical water treatment
equipment using several processes, while others treat their water with stmpier package

plants and fewer processing steps.

4.2 Results from Water Sampling Component

4.2.1 Sampling Sites

Figures 4-! to 4-3 show where non-conventional drinking water samples ‘vere taken from
during the course of this study. The sampling spots were chosen with the guidance of
resicents in the area based on where people clitained drinking water outsive of the

conventional drinking water treatment plant.
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4.2.2 Analysis of Watcr Samples

The results obtained from the water sampling portion of this study are presented in a series

of tables in the pages that follow.

4.2.2.1 Treated Water Samples

The assessment of the conventionally treated water can be used as a reference for
assessing some of the non-conventional sources of drinking water. The results of the
analysis performed on treated drinking water supplies are presented in Table 4-3. The
microbiological MAC guidelines are met for the conventional drinking water samples
obtained from the Atikameg Health Unit and the John D’Or Prairie Cistern. However, it
should be noted that the free chlorine concentration found at the John D’Or Prairie cistern
i1s below 1.0 mg/L.  This low chlorine concentration also explains the significantly higher
levels of HPC bacteria and yeasts and molds at the John D"Or Prairie site than that seen in
the treated water at Atikameg. The drinking water from the John D'Or cistern should be
resampled to see if the free chlorine concentration is low again. The trihalomethane MAC
guideline value is 100 pg/L for treated drinking water. This has been exceeded in the John
D’Or Prairie Cistern raw water. In addition. some aesthetic related guidelines have been

exceeded in the conventionally treated water from both locations, notably iron and colour.

The effectiveness of one type of POU treatment device being used in Atikameg can be
assessed by looking at samples of the influent water (in this case the Atikamey Health Unit
Sample) and comparing the resuits with the effluent water labelled Atikameg POU
Treatment Filter. This particular unit was effective at reducing the turbidity. the chlorine
taste. the free chlorine residual. the total chlorine residual and the total organic carbon.
Due to these capabilities, researchers are led to believe that the active ingredient in this
unit is activated carbon. This is supported by looking at the microbial data. Although

the concentration of coliforms in the influent was less than 1 cfu/100 mL, the



concentration in the effluent from this unit had 9 cfu/100 mL. An increase in other
microbial parameters were also seen including yeasts, molds, and the general bacterial
population. It appears as though these bacteria have colonized the trea’, aent filter and
are released into the effluent water in higher concentrations than were in the influent water
As a result of this, the treated water no longer meets the microbial limits set in the
GCDWQ. Therefore, without proper maintenance and frequent replacement of these

filters, point-of-use devices such as these may constitute an additional risk to health.

Table 4-3. Results from Treated Water Analyses.

(a) Physical and Chemical Parameters

Sample Date | pH {Turbidity] Odour | Conduct |Colour| Ammonia |Free Cly| Total Cl: [ TOC
NTU {subjective] umhosem [ TCU [ mgNHeNL | mg/l | mg/d. |[mg/l.

John 1)°Or Cistern | Nov 4/94 | 8.0 0.3 chlorine 500 15 0.013 0.02 0.05 10.7

Atikameg Health Feb 28/9516.811 0.76 | chlorine 430 40 0.0} ] 2 Y.65

Unit

Atkameg POU Feb 28/9516.861 04 None 375 30 0.01 0.05 027 {204

Treatment Filter?

(b) Metals Analysis

ISamplc Datc | B | As Ba Cd| Cr| Cu| Fe [Ma| Pbh | Hg| Zn
| ug/L{ug/L | ug/l {ug/Liug/L|ug/L|meg/ijug/ |ug/L|ug/L|ug/L
h‘)‘).? Canadian Drinking IMA |IMAC| MAC MA [MA | AO |AOJAOMA [MA | AO
Water Quality Guidclinc 5000] 25 1000 5 | 50 100 [20.3]<50f 10 | 1 |g500
John DOr Cistern Nov4/9 | 30 | <I 46 <l <l {16 {06]13] 1 1 ] 20
Atikameg Health Unit Feb28/9 | <1 | <1 24 <<t | 88 111} <i{<l]| <l
Atikamcg POU Treatment [Feb28/9 | <1 | <] 22 <t p <t 7 Vio}I1s| <1 | <1 | <l
Fiitcr i i

(¢) Microbial Parameters

Sample Date TC FC FS Klebsiella Yeasts Molds | 48hr HPC' | “d HPC
cu/100ml | o 100ml. | e 100ml. | cfu'100ml | ¢l 100mI. | ¢fu 100ml. |  cluml. cfumi.

John D'Or Cistern | Nov 4/94 1 1 1 ] L0100 [ 845107 [ 365107 [ 36107

Atikameg Health Feh 28.95 -1 1 1 I ! 1 t 1

Unit

Atikameg POU Feb28:95 [ 9.0x10° 1 1 1 13x10° [ 20x10° [ 33~ 107 [33x700

Treatment Filter

* Not considered to be Conventionally Treated Drinking Water because this water has been further treated
at the point of usc with an indivually owned trcatment device.
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#.2.2.2 Surface Water Samples

The results from the tests done on the surface water samples are presented in Table 4-4.
There are many physical. chemical and microbiological parameters in the surface waters
tested that do not meet the guideline values recommended in the GCDWQ (Federal-
Provincial Sub.-ommittee on Drinking Water, 1993). Based on this, drinking untreated
surface water could pose a serious threat to health. All of the samples collected were
positive for total coliforms which are used as an indicator of the pathogenicity of water.

[n addition, the general bacterial populations are fairly high.

The turbidities of the surface water samples were highly variable ranging from 3 NTU to
more than {00 NTU. Therefore, none of the surface water samples mect the MAC for
turbidity (unless it can be shown that disinfection at Little Red River and Wentzel River

would not be compromised by turbidities of 3 and 5. respectively).

The metals analysis of the surface water samples indicate that if the water from Lawrence
Creek. Lawrence River, Birch Creek or Little Red River was consumed over a lifetime
without treatment. that there would be a health risk due to the consumption of mercury.
Mercury is found in two forn:s in the aquatic environment. In the water phase. mercury is
an inorganic salt that is poorly adsorbed in the gastrointestinal tract However, sediments
and fish contain oraanic methyl mercury that targets the central nervous system and can
cause impaired mental and motor functions or even death (AWWA_ 1990).  Mercury can
occur naturally or as a result of pollution. Due to the remote areas where these samples
were collected. it is deduced that the area around John D’Or Prairie has naturally high
levels of environmental mercury. Manganese was also exceeded in several of the surface

water samples but manganese is only regulated for aesthetic purposes.
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Table 4-4. Results from Surface Water Analyses.

(a) Physical and Chemical Parameters

Sample Date  [Temp|pH [Turbidity] Odour | Conductivity [Colour| Ammonia [TOC
°C NTU | subjective | umhos/cm ; TCU | mgNHa-N/L | mg/L
Sand Point Sept27/9%4| - |79 16 nonc 85 20 0.012 -
Old Fort Point | Sept27/941 10 |82 41 muddy 300 65 0.117 6.7
Keane River Sept27/94) 9 |77 11 muddy 125 35 0.05 5.0
Jackfish Village | Sept27/94( 12 |8.1 7.4 none 330 52 0.043 5.9
Prawic River Sept 287941 85 |81 >100 muddy 560) 280 0.4 19.7
Quatrc Forches | Sept28/94| 10 8.1 17 chemical 295 90 0.025 5.6
Lawrence Creck {Nov 1/94] 0 [7.8] 275 | wood-none 1780 40 0.043 29.0
Lawrence River {Nov [/94] 0.5 | 8 55 grass-nonc 700 125 0.027 15.7
Birch Creek Nov | /94 I |75 19 salt-sulfur 1250 55 0.075 114
Little Red River | Nov 2/ 94 0 {73 3 nonc 350 235 0 23.2
Wentzel River  [Nov4/94] 05 [79 5 swamp 570 20 0.075 173
(b) Wetals Analysis
Sample Date B As Ba {Cd | Cr| Cu | Fec |Mn/| Pb | Hg!| Zn
ug/l | ug/l | ug/l Jug/L | ug/l | ug/l [mg/L | ug/l | ug/l {ug/l. | ug/l.
1993 Canadian Drinking IMAC|IMAC | MAC [MACIMAC| AO | AO | AO [MACIMAC]T AO
Water Quality Guideline 50001 25 [ 1060 ] 5 | 50 t<tooo] <03 | =50 10 <5000
Sand Point Scpt 27/94] <l | 4 | <l | <1 <1 fod4122] <] <l 4
0ld Fort Point Scpt 27/94| S 2 54 <l { <] 2 121671 2 | <l 5
Kcanc River Sept 27/94] <1 <l 12 1<t | <t | <1 [07]4 ]| 1|« 2
Jackfish Village Scpt 27/94] 6 ! 47 1 <1 | <l 2 03] 24} <l | <« !
Prairic River Scpt 28/94f 55 4 95 | <l | <L} 12 52 (270 4 | <t | 23
Quatrc Forchcs Scpt 28/94] 5 ! 49 | <l | <l 2 [07f28 <1 | <l 3
Lawrence Creck Nov 1794 110 6 63 <] <] 23 | 6.8 2400 5 2 32
Lawrence River Nov 1/94| 53 ] 56 <l | <t 6 Lo | 21 | <l 4 I
Birch Creck Nov /941 150 1 28 <l | <] 10 | 1.5 | 810 | | 16
Little Red River Nov 2/94 | 25 ] 3 <] <] 6 1.0} 21 | <1 4 |
Wentzel River Nov 4/94 | 36 <} 60 <] | <l 3 <l | 22 <1 | <l 3
(c) Microbial Parameters
Sample Date TC FC Fs Klebsiella Yeasts Molds | 48hr HPC' | 7d HIPC
cfu100ml. | ¢fu/100ml. | cfi 100ml. | cf/100ml. | cti/100mi. | cfu/100ml. | ctu/ml. cfuml.
Sand Point Sept27/94 | 1.0x 10" 1 20x10° | S0x10" T 195107 [ 165107 | 40N 10" [ 265107
Oid Fort Point ~ |Sept 2794 | INTC 1 1.4x10' 2 9.2x10° | 20x10" [ 12x107 [20x 107
Keane River Sept27/94 | TNTC 1 33x10 1 36x100 [ 34x107 [ 365107 [ 165107
Jackfish Village [Scpt27/94 | 6.0 x 107 ] S.0x 10 1 22x10° [ 1ax10v [ soxtom (225107
Prairic River Sept 2894 | 3.0x10° 1 59x 10" [ Confluent | 1.5x 107 [ 14x107 | 5.8x10" |4.7x 107
Quatre Forches  |Sept 28/94 | 1.0x 107 1 1.0x 10" i 9.0x10" T 16x107 [ 235107 [5.7x 107
Lawrence Creek [Nov 1/94 | 7.0x10" ] 6.0x 10" 1 13x10° [ 42x107 T aax10" [28x 107
Lawrence River [Nov 1/94 | 24 x107 1 30x10° 1 36x10° T 2Tx10° | 23x107 [20x10
Birch Creck Nov194 [ a2x10T 1 2.1 x 107 -1 6.1x10° [ 44x107 [ S4ax10" {53107
Little Red River [Nov2/94 | 65Sx10"7 | 20x10° 1 1 L5x10° [ 20x10° [ 5.0x 107 [3.6x 107
Wentzel River  [Nov4i94 | 2.2x10" | 20x10" 1 1 73x10° [ s6x107 [ 14x107 [ 10 x10
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Raw water quality in any surface water source is highly variable at best. There are so
many factors that can influence the quality of the water. For example, surface water
quality is influenced by the occasional recirculation of organisms trapped in bottom
sediments. Studies have shown that there can be a 100 to 1000 fold increase in fecal
coliform bacteria in the bottom sediments compared to the overlying waters

(McFeters, 1990j. This iccirculation may become particularly important when considering
the water turnover events that occur in the spring and autumn of each season in which the
thermal stratification of the water bodies influences water movement (McFeters, 1990).
Also, storm events can influence the microbiological quality of raw water supplies. The
water quality deterioration that occurs after a storm event relates to all land uses over the
drainage basin. Storm events typically brings elevations in suspended solids. organic
demand materials and organisms to the drainage basin (McFeters. 1990). It is possible
that both of these influences were factors during the field trip to the Peace-Athabasca

Delta since it was in the autumn and it was raining.

4.2.2.3 Groundwater Samples

During the course of this study there were two groundwater samples analyzed. Fox Lake
Well is a wide diameter well. The water from this well is piped about 50 m from the well
to the home. Sacred Spring is the other groundwater sample. This sacred spring is
located about 35 km from the town of John D’Or and people travel here throughout the
vear to collect this special water for drinking purposes. Sacred Spring is a good example
of the water table/aquifer meeting the surface of the earth and providing a bountiful supply
of water. This is an unprotected spring in that the supply of water flowing from the bank
1s not encased in any man-made structures, From looking at the groundwater results in
Table 4-5, it does not appear as though this has had a great influence on the quality of the
water obtained even though the water from Sacred Spring is prone to all of the problems
associated with surface water supplies since it is not protected. It is interesting to note

that the turbidity of the protected covered well is well above the
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Table 4-5. Results from Groundwater Analyses.

(a) Physical and Chemical Parameters

Sample Date |Temp|pH | Turbidity Odour Conductivity | Colour| Ammoniz [TOC
°C NTU subjective | umhos/cm | TCU | mgNiL-N/ |mg/L

Sacrcd Spring|[Nov 1 /94 1.5 [7.8 1 musty- 3400 5 0.012 20.7

bullrush

Fox Lake Nov2/94 75 |74 13 iron 500 5 0.31 54

Weli f

(b) Metals Analysis

Sample Date B As | Ba [cd]Cr| cu | Fe [Mn] Ph Hg | Zn

ug/L | ug/l. | ug/l. |ug/l | ug/l | ug/l. [mg/L[ug/.| ug/. ug/L | ug/l.

1993 Canadian Drinking IMAC] IMAC | MAC |[MAC{MAC| AO | AO | AO IMACIMAC] AO

Water Quality Guideline 3000 25 1000 5 50 [<1000f <0.3(<50] 10 1 [ <5000

Sacred Spring Nov1/917 360 | 2 43 <l { <l | 3 | <l [15] <1} 2 0

Fo. Lake Well Nov2/9 | 23 5 oo | <1 | <1 <l L4 1210 <1 | <1 | 580

(c) Microbial Parameters

Samiplc Date TC FC FS  [Klebsiella| Yeasts | Molds |48hr HFC | 7d HPC
cfu- 100ml | ctu 100ml. | cfu100mI. | ofu't00ml, | cfr100ml, | cfu 100m]. clu ml. cluml.

Sacred  |Novi/9d| <] <] <] <] 18107 [3.0x 107 L7x 10" 1.7 x 10°

Spring

Fox Lake |Nov2/94| <] <1 <1 <] LOXT07[34x 10°] 29 x 107 [8.9 x 10"

Well

GCDWAQ limit of | NTU. Perhaps this is due to entrapped carbon dioxide air bubbles in
the water. This supply should be resampled for turbidity and the air bubbles removed
prior to analyzing for turbidity to see if this makes a difference. Also, the aesthetic limits
set for iron and manganese were exceeded in this well. At Sacred Spring the mercury
level was greater than the MAC of 1 ng/L. This is consistent with the high mercury

content observed in the surface water samples collected in the same area.

The ammonia concentration of the Fox Lake well may be a cause for concern. A 1979
survey by the USEPA found that the average total ammonia concentration found in
surface waters was 0.18 mg/L and ammonia concentrations in groundwater are usually
lower than surface waters because ammonia is generaily immobile in soil (USEPA, 1993).
Based on this, 0.30 mg/L of ammonia is a relatively high concentration for this ground
water well. The source of ammonia in this instance is unknown although it could have

been introduced through sewage effluents, industrial effluents or agricultural runoff
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(USEPA, 1993). Although ammonia itself does not present an immediate threat 1o health,
nitrate does. Once in a system, ammonia is in a state of constant fluxing of the nitrogen
cycle (USEPA, 1993). Processes related to this cycle include ammonification, nitrogen
fixation, nitrification, and denitrification (USEPA, 1993). As a result of these processes,
nitrifying bacteria proliferate and nitrate can be formed. Nitratz in drinking water can
induce methemoglobinemia , particularly in infants, and can also lead to the formation of
carcinogenic nitrosamines (AWWA. 1990). Therefore, it would be reasonable to test the
well at Fox Lake again to see if the nitrate levels are greater than the MAC of 45 mg/L in

the GCDWQ (Federal-Provincial Subcommittee on Drinking Water, 1993).

One further note to make is regarding the very high conductivity that is evident in the
groundwater supplies. particularly at Sacred Spring. This can be explained by the fact that
groundwater contains more inorganic constituents compared to surface water, because
groundwater comes into contact with all types of minerals in the rock strata that surface
water never touches (Gabler ¢/ «/.. 1988). The microbial quality of both groundwater

samples meets the health related MAC’s in the GCDWQ.

4.2.2.4 Snow Water Samples

The results from the snow water samples analyses are presented in Table 4-6.  The snow
water samples collected near Atikameg contained coliform organisms and therefore do
not meet the GCDWQ. The sample that was collected closer to the townsite contained
considerably more coliforms than the sample collected farther away in a remote area in the
woods. The pil of the snow water is less than that of other surface sources collected in
this study.  The turbidity of the melted snow samples is 5.24 for the snow closest to the
Atikameg townsite and 7.35 for the snow water collected near Twin Lakes. Neither of
these turbidity measurements are in compliance with the guideline value of 1 NTU set in
the Guidelines for Canadian Drinking Water Quality (Federal-Provincial Subcommittee on

Drinking Water, 1993).
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Table 4-6. Results from Snow Water Analyses.

(a) Physical and Chemical Parameters

Sample Date  |Temp| pH |Turbidity| Odour |Conductivity]Colour| Ammonia | TOC
°C NTU_ |subjective| umhos/cm | TCU |mgNH;-N/L| mg/L

Atikameg Snow  [Feb 28 /95 22 [6.35] 5.24 Nong 50 635 .25 4.2

Fwin Lakes Snow |Fcb 28 /95 24 [6.03] 7.55 Rocky 50 45 0.105 3.3

b) Metals Analysis

ample Date B As Ba | Cd | Cr| Cu | Fe |[Mn| Pb | Hg | Zn
ug/l. | ug/l, | ug/l. | ug/. | ug/l. | ug/L mg/Llug/Lf ug/l. | ug/l. | ug/l.

1993 Canadian Drinking IMAC|IMAC| MAC [MAC|MAC]| AO | AO | AO IMACIMAC] AO
Water Quality Guideline 50001 25 1000 | 3 50 [<1000f <0.3[ <50 10 1] <5000

Atikameg Snow Feb28/9 | «i <l I 1 <l | <l 01 6 ! <l 6

Twin Lakes Snow Feb28/9 | < <l <l <l | <1 | <l 9 | 8 | <l | <] <«

(c) Microbial Parameters

Sample Date TC FC FS | Klebsiella| Yeasts | Molds {48hr HPC [74 HPC
cfu/100ml. | cfu/100ml. | cfu/100ml. | cfu/100mi. | cfu/100ml. cfu/100ml.|  cfuml, cluml.

Atikamcg Feb28/95[5.8 x 10°| <1 <l <l I 10Y28 x 10 12 x 107 TS x 107

Snow

Twin Lakes  [Feb28/95(1.0 x 10" <] <] <t J46ex 1046 x 10 L3N 107 125 107

Snow

4.2.2.5 Bottled Water Samples

There were two types of bottled water sampled. Both were purchased at a store in
Atikameg on February 28, 1995. The Bottled Ozonated Water was stored in the
refrigerator in a 2 L plastic container. The Bottled Spring Water came from High Prairie,
Alberta and was stored on the floor of the store in 16 L plastic containers.  These
bottled waters meet the guidelines for both turbidity and coliform concentration. But, it
should be noted that the HPC counts for both brands of bottled water are extremely high.
As discussed earlier, some of the bacteria in HPC counts may be opportunistic pathogens.
This could have serious implications for people with decreased immunity including the
very young, the very old, immunocompromised individuals and the sick. The high levels

of general bacteria found in the bottled samples is consistent
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with the findings from other studies. The results from the bottled water analyses is

presented in Table 4-7.

Table 4-7. Results from Bottled Water Analyses.

(a) Physical and Chemical Parameters

Sample Date | Temp| pH |Turbidity| Odour | Conductivity | Colour| Ammonia | TOC
°C NTU  [subjective| umbhos/cm | TCU |mgNH;-N/L| mg/L
Bottled Feb 2895 4 | 647 0.21 swect 150 33 0.01 .22
Oronated Water “rain’
Bottled Spring | Fcb 28/951 17 1633 043 plastic/ 30 30 0.0} 0.67
Walcr nonge
(b) Metals Analysis
Sample Date B As Ba | Cd|[Cr| Cu{ Fe (Mn| Pb | Hg | Zn
ug/l | ug/ll | ug/L fug/l | ug/l | ug/l | mg/Lfug/L] ug/l [ ug/l. | ug/l.
1993 Canadian Drimking IMAC|IMAC | MAC |MACIMAC] AO | AO | AO |[MAC|MAC| AO
Water Quality Gudehine oo 23 1060 R S0 |<toon] 03130 10 115000
Bottled Ozonated Water|Fcb 28/95) <1 <I 6 <l | « <} 7 4 <1 { < <1
Bottled Spring Water  |Fcb 28/95) <! <l <l <l | <l <l 4 < <l <l
|
(c) Microbial Parameters
Sample Date TC FC FS |Klebsiclla| Yeasts | Molds |48he HPC| 7d
HPC
ctu 100mi. | ctu 100ml | ctu 100ml. ] o 100ml. | cfu 100ml. | cfu 100ml, ctuml. cluml.

Rottled Feb2gms| < < <l <1 <] <] 89 x 107 {36« 10°
Ozonated Water
Bottled Spring  [Feb 28/93 <] <1 <] <] 3910205 10M L7 x 107 4o~ 108

Water
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4.2.2.6 Trihalomethane Formation Potential Analyses

Table 4-8 tabulates the results of the Trihalomethane Formation Potential (THM-FP)
analyses performed on raw water samples from the first two field trips. Essentially, THM-
FP involves dosing a 250 mL water sample with an excessive quantity of chlorine so that
all of the trihalemethane precursors in the water sample will react with chlorine and the
maximum concentration of trihalomethanes can be formed without being limited by free
available chlorine. Unfortunately, the chlorine dose used in the experiments was

insufficient and there was no free chlorine residual after the 7 day reaction period.

Table 4-8. THM Formation Potential Analysis.

Location TOC Chloroform Bromodichloro- Dibromochloro- Bromoform

(mg/L) (ng/l) methane methane {ng/L)

pg/L) /L

RAW |[RAW/ 3:1| 6:1 [RAW]| 3:1| 6:1|RAW | 3:1 ] 6:1IRAW] 3:1 ] 6:1
Old Fort 6.7 6 [570]650) 1.3 [ 22 | 28| BDL |05 (16]|BDL| 1102
Keane River 50 |14 |310| - |BDL| 38| - BDL | 3.1 - |BDL}| 03| -
Jackfish Village | 5.9 4 (503 - |[BDL| 13| - BDL |02 - |{BDL| 14| -
Prairie River 197 | 4 [1414] - 06 | 74| - BDL { 48| - |BDL|{ 02| -
Quatre Forches | 5.6 7 440541 BDL| 14 | 16 | BDL | 1.0 | 1.1 | BDL | BDL |BDL
Lawrence Creek| 29.0 { 7 [1770| - 6.2 | 210 - 02 (280 - |BDL| 13| -
Lawrence River | 15.7 | 4 (1372 - 14 | 26 - BDOL | 02| - |BDL|O02]| -
Birch Creek 114 ] 3 (879]| - 14 | 67 | - BDL {35 - |BDL|O02]| -
Sacred Spring 207 | 2 1237 - 1.6 |202| - BDL (46.0| - |BDL| 24| -
Little Red River | 23.2 | 5 [2383(2837] 1.9 | 25 | 27 | BDL |06 ({09 lBDL| 03 |04
Fox Lake Well 54 3 (129 - |BDL| 8 - BOL | 20| - |BDL|BDL| -
John D'Or 10.7 | 108 | 722 - 551 15 - BDL | 13| - |BDL| 0.1 -
Cistern
Wentzel River 173 | 1 |1492(1707} 2.8 | 35 | 40 | BDL | 08 |03 |BDL| 02 |03
Notes:

1. The 3:1 and 6:1 headings arc the Chlorine: TOC ratios used for chlorine desing of the samples.

2. BDL = Below Dectection Limit

3. For the Chlorine Dosc. initially. a Chlorine:TOC ratio of 3:1 was uscd as was suggested in the
literature. However. after the 7-day reaction period required for THM Potential analyscs. there was no
residual frec chlorinc left in the sample. Therefore. it was decided to try the same cxperiment a sccond
time with a Chlorine:TOC ratio of 6:1 for four of the samples. Once again. there was no residual chlorine
left at the completion of the seven day reaction period. so the results are not completely accurate.
Nonctheless, trends in the THM potential analysis arc cvident and therefore, the results can still be
interpreted.
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The Trihalomethane concentration found in the raw water samples was well below the
GCDWQ limit of 100pg/L. This limit was exceeded in the treated water sample at John
D’Or Prairie.  Also, it is interesting to note that chloroform is typically the largest
component of the trihalomethane concentration followed by bromodichloromethane,
dibromochloromethane and bromoform. However, larger amounts of brominated
compounds, relative to chloroform indicate a higher concentration of dissolved bromide
in the water (APHA ¢r al., 1992). This was the case for Wentzel River. None of the raw
water samples contained bromoform. The existence of chloroform in the raw water

samples was very small and may be a result of contaminated reagents or glassware.

The THM concentrations are very high after both the 3:1 and the 6:1 Chlorine: TOC
dosing. The 3:1 dosing ratio was obtained from prior THM-FP analyses performed at the
University of Alberta Environmental laboratory. After the first experiment was complete
and it was found that there was not any chlorine residual left over, it was decided to re-run
some of the same samples at the 0:1 dose. This dose was still inadequate to provide for an
excess free chlorine residual, but trends in the data can be analyzed nonetheless. The
potential formation of trihalomethanes certainly seems to be correlated with the Total
Organic Carbon concentration. The higher the TOC. the more potential tha: sample has
to form trihalomethanes if chlorine is added. Chloroform is in the highest concentration
followed by successive brominations in the order of bromodichloromethane.
dibromochloromethane, and bromoform. The concentrations of detectable
trihalomethanes were higher after the 6:1 chlorine dose than after the 3:1 chlorine dose.
The very large chlorine demand exhibited by these samples and the subsequent formation
of large quantities of trihalomethanes suggest that raw water in the study area should be
filtered prior to disinfection. By filtering the supply, some of tie organic THM-precursors
would be removed and consequently the formation of disinfection-by-products would

decrease.



4.3 Discussion

4.3.1 Assessment of Water Samples Analyzed

There were 20 samples of non-conventional sources of drinking water collected during the
course of this study. This included samples of: (1) raw surface water from lakes, rivers
and creeks; (2) groundwater from an unprotected spring and a protected well; (3) snow
water, (4) bottled water; (5) point-of-use treaied water; and (6) conventionally treated
water (for comparative purposes). Unfortunately, samples of other sources of non-
conventional drinking water were not obtained such as water from a dugout, rain water, or
birch tree water. Nonetheless, the samples that have been collected and analyzed to date
represent the start of a database on the physical, chemical and microbiological quality of

some non-conventional sources of drinking water.

The conventionally treated drinking water provided the highest quality of drinking water
because it net the health related guidelines in GCDWQ.  Microbiologically the
groundwater samples collected were of good quality. However, some of the limits in
the GCDWQ were exceeded. The bottled water sampled mer afl of the health related
guidelines regulated in Canada. However, the HPC’s were very high in both samples,
some of which could be opportunistic pathogers. The level of yeasts and molds was also
very high for the bottled water that was being stored at room temperature. Untreated
surface water does not meet many of the health related guidelines in GCDWQ. Turbidity
is greater than I NTU in all of the surface water samples. Al of the samples had total

coliform organisms. From this, it can be concluded that surface water must be treated

prior to consumption.

It should be noted, that the sampling itself provided an insight into the methods of non-
conventional drinking water collection Sometimes, long distances were travelled to areas
where people would collect “special” drinking water. Other times, this involved trekking

through the wilderness to an appropriate place away from human activity. However,
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there are some limitations that should be discussed with reference to the sampling portion
of this study. Many of the samples that were collected were raw water sources that local
residents said were used for drinking water purposes. In some cases (particularly with the
raw surface sources) these were not samples of actual water being consumed by
individuals at the time of collection. Furthermore, for each site sampled, 4.25 L of water
were collected for analysis. When the supply of drinking water is limited. such as at the
remote camp on Prairie River where the residents hauled water in 20 litre >ontainers, 4.25

L. is a large amount of water.

Scientific research based on laboratory derived results is not without its limitations This
can be highlighted by discussing the inherent problems associated with the microbiological
analysis of water supplies. Results of routine microbial sampling should be interpreted
with the awareness that each result is liable to two sorts of error. even if proper protocol
i1s followed. First. there is sampling error because there is a variation in microbial density
in different parts of the water being sampled. Second. there 2re many statistical

inaccuracies that may be introduced by laboratory methods (Tillett, 1993).

4.3.2 Assessment of Interviewing Component

Social scientific research involves studving people and aims to determine logical and
persistent patterns of regularity in social life (Babbie. 1992).  Since people are dynamic
and changing, social research is an “open-ended enterprise in which conclusions are
constantly being modified (Babbie, 1992)™ The practice of social scientific research itself
has many limitations and as Babbie (1992) points out. there are many errors involved in
personal human inquiry such as:

. inaccurate observation:

[

overgeneralization;,

3. selective observation:;

97



4. made-up information to explain away confusion and

contradictions;

5. illogical reasoning;

6. ego involvement on behalf of the researcher;

7. premature closure of inquiry,

8. mystification (attributing supernatural causes to

phenomenon that are not understood); and
9. human error.
These sources of error should be considered when interpreting a social scientific research

report of any sort. This one is no exception.

One of the main limitations with the social scientific investigation was the limited number
of people in the study area interviewed Linked to this was the method for getting
interviews. As mentioned earlier, prospective interviewees were obsained by “snowball
sampling”. For the most part though, the majority of the interviews were obtained with
the help of the comrunity guide and were with the people that he or she knew which
restricted the interviewer at the onset. Therefore, the sample is not random and hence it
is a selective group of people in which this person knows that person and so on and so on.
Therefore, the sample population is not representative of the larger population as a whole.
Because of the limited sample size and the method of obtaining interviewees, the results
reflect the individual responses of people interviewed and do not necessarily reflect the
attitudes and practices of all residents in the study area. In other words, surveys such as
this one “cannot measure social action; they can only collect self-reports of recalled past
actions of prospective or hypothetical actions (Babbie, 1992).” However, this aspect of
the thesis can provide some background information for future studies regarding non-

conventional drinking water practices and supplies.
The actual interview was also a limiting factor in some ways. During the first field trip it

did not always seem suitable to pull out the piece of paper with th'e questions on them and

ask them word for word. Rather, the interviewing sessions followed an informal format
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with all of the areas of interest covered. For the most part, the people being interviewed
were just sharing their thoughts about drinking water quality and health, non-
conventional/traditional methods of drinking water collection. treatment and consumption.
Since the interviews were just one aspect of a much larger exploratory study, the informal
discussion-like interviews were satisfactory for the purposes of this report. Perhaps
future studies in the area of non-conventional drinking water practices could be structured
within a matched case-control epidemiological study using health record data as the case-

control criterion.

The assessment of non-conventional drinking water in the Northern River Basins certainly
has a traditional and perhaps a cultural component to it. Therefore, in approaching this
study, the focus was not to find a reason to undermine traditional ways, rather, it was to
try to gain an understanding about them. Unfortunately. as a university researcher, and
an outsider, there were many barriers involved in communicating this intent.  First, in
some of the areas visited. Cree was the primary spoken language. Unfortunately the
author of this thesis can not speak Cree and there will always be some meaning lost in
translations. Second. people seemed suspicious of the motives behind collecting samples.
One of the field guides explained that many people would not be willing to share their
knowledge for fear that they would be told that they could no lunger do what they were
doing. For instance, one person interviewed from John D"Or Prairie. told someone that
he hoped that I would not tell him that he could not drink his “'special water™ anymore.
Hugh Brody (1988) had a similar experience in his study in a North American Indian
community. Brody summed the sentiments of the people he was dealing with by saying
“it is never easy to know why research is being done. or whose interests in the end will be
served.”  Another limitation to this data collection regarding non-conventional drinking
water practices was the relatively short amount of time spent in the communities. To
obtain a full understanding of some of the traditional ways of obtaining water, more time
should be spent in the communities to get to know the residents, to gain their trust, and to
actually participate in the activities that are being studied. For example, this may include

taking part in a living-off-the-land expedition such as trapping. In this way, the actual
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method of collecting snow or ice for drinking water can be observed and maybe other
aspects will be revealed that would not be observed otherwise. Another alternative may
be to have the CHR’s become more active researchers in a study of this nature in the

future.

Some of the traditional views on what water means to the people was learned as a result
of the social science research component of this study. Lea Bill (1994), one of the
Traditional Knowledge Component leaders, had some words of wisdom regarding the

native perspective on water as described in the following excerpt:

In the native view of life, everything has a spirit and all spirits must be
treated with respect. The Water Spirit has not always been treated with
the respect it deserves and therefore the spirituality of the water has
changed. This is because people have put things into the water that
have changed the Water Spirit. Also, the water flows in a certain way
in a cleansing process. When water becomes diverted it will not
necessarily cleanse itself the same way. The Grandfathers also had
some messages that were passed on through Ms. Bill. First, the
grandfathers suggested that researchers “Look deeper.” To do this, the
ions, ionization energies, and the electricity of the water should be
investigated. The Grandfathers also said to “look at the ions and how
they interact with the water molecule.” And the final message was to
“consider the nutrients of the waters.”

Interpretation and assessment of these concepts using normal scientific techniques is
uncertain and difficult at best. Understanding all of the relationships between drinking
water quality, health and personal beliefs is far from being known in a scientific sense.
However, it has long been known that the perception is important in a person’s assessment

of drinking water quality.

One of the objectives of this thesis was to suggest a series of population sub-groups that
may be particularly pre-disposed to using a non-conventional source of drinking water. It
has been inferred from the people talked to in this study that elderly residents in the study

area may be more likely to consume a non-conventional source of drinking water. This
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could be because this was their traditional way and it is what they are used to. During the
course of the research there was talk of several elderly residents that would collect
“special drinking water” even if they had conventionally treated drinking water coming to
their home. Another population sub-group that is certainly predisposed to utilizing non-
conventional sources of drinking water are those that live in isolated and remote areas in
the Northern River Basins. This is logical becausz conventionally treated drinking water is
not accessible in all areas. A third population sub-group includes individuals that live off
the land. This group is not only comprised of aboriginal people that live partake in
traditional living off the land activities such as hunting, fishing, trapping and gathering, but

also wilderness campers that camp in NRBS areas.

Therefore, providing a safe supply of drinking water involves the utilization of an
appropriate technology. This implies that the water supply system will be utilized,
maintained and operated by those it serves (Okun. 1988). Appropriate technology
begins with the involvement of the people affected in the decisions made. Drinking water
treatment for elderly residents, people living off the land. and for people living in remote
areas in the NRBS must be appropriate. taking into account local conditions, culture,

economy and sociology.
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5. PORTABLE FILTER ASSESSMENT
5.1 Portable Filters on the Market in the Edmonton area

Currently, there are a wide variety of portable water filtration units on the market. The
filters are typically hand held units that are pumped to force the water through the media,
although gravity fed units and suction straw-type devices are also available. The filter
media is either permanently encased in the units or else it comes in replaceable cartridges.
There are many types of media utilized in these units including activated carbon,
poiyethylene, iodinated resins, silver impregnated ceramic, pleated paper, and proprietary
materials. Proprietary materials means that the manufacturers will not disclose the
ingredients of the active agents to protect the formula from being used by other
manufacturers. Initially a survey of camping and wilderness stores in the Edmonton area
was completed to find out what types of portable filters were available. The types of
units found during this survey, along with some of the manufacturers claims about these
units, are presented in Table 5-1. The information in this table was gathered by: (1) visits
to Edmonton retail stores; (2) contacting the manufacturers of each of the units and by
referring to instruction manuals included with the filters; (3) consulting wilderness activity

publications that had compiled information on portable drinking water treatment filters.

The prices shown in Table 5-1 are approximate Canadian dollars at the time of the survey
and were obtained by taking the average price of the unit in all Edmonton stores surveyed.
Each unit was then ranked according to cost. First, all of the units were ranked based on
the initial cost to the buyer, from the cheapest to the most expensive. Then, the units
were ranked based on the cost per 1000L and also based on the cost per 10000L. From
this ranking, it is apparent that more than just the initial cost should be considered when
purchasing a treatment device. For example, by looking at Filter #10, it is one of the least

expensive units to buy based on the initial price, but the most
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expensive to buy if large volumes of water are to be filtered. This is due to the extremely
low capacity of the unit. The design of the unit is also important to consider when
choosing a device to buy. The gravity type filters are typically larger and more
cumbersome and filtering takes longer. Probably the most important factor when
purchasing a portable point-of-use water treatment filter is whether or not these units
produce a good quality of water. The pore size ratings should give some indication of the
effectiveness of removal of microorganisms and other particles in the water. The pore size
is the size of the openings in the filter element. An absolute rating means that the filter
will not pass any particles below the given size, whereas a nominal pore size rating
indicates that “most” particles above the given size are removed (Getchell, 1994).
According to Getchell (1994) a pore size rating of 0.2y is required to filter out bacteria, a
pore size of 4 is required to filter out protozoa, such as Giardia and ( ‘ryptosporidium,
and a pore size of 0.0004 is necessary to filter out viruses. Due to the small pore size
required to filter out viruses, there are not any filters that can effectively remove viruses
by occlusion alone. However, some of the units have iodine in them, which may act as a

disinfectant to kill viruses.

After researching the various types of filters on the market, it was decided to further
investigate the effectiveness of some of these filters to determine if they would be suitable
for people in the study area that live off of the land. This investigation was felt necessary
because little scientific information was available to assess their performance. Given that
the results from the sampling program indicated that some form of treatment was required
in most cases, particularly if the water was obtained from a surface source, a testing
program was undertaken to determine if these filters were viable options for living off the
land expeditions. This assessment was done by laboratory testing of selected units under

worst case conditions and is described below.

104



5.2 Experimental Methodology

5.2.1 Portable Filter Selection

The first step was to select suitable filters for testing. There were several factors involved
in the decision making process. In Table 5-1 it can be seen that there are four general
types of filter media used in these portable treatment devices: (1) activated carbon, (2)
ceramic, (3) iodinated resins, and (4) polyethylene. Initially, it was thought that one unit
would be chosen for analysis from each type of filter media. However, after further
research, it was decided that for this project, the assessment of the units containing iodine
was unnecessary. There were three main reasons governing this decision. First and
foremost, it appears that many of the residents of Northern Alberta that tend to be
involved in living off the land activities, have not acquired a liking for the taste of chlorine
in their drinking water. If they have not acquired a taste for chlorine, then it is not likely
that they will find the flavour of iodine pleasing. Second, as outlined in Protocols for

Point-of-Use Devices Guide Standard and Protocol for Testing Microbiological Water

Purifiers (USEPA., 1987), non-purifying units that rely primarily on occlusion can be

tested using 4 1 to 6 p particles instead of live Giardia organisr:s. Third, worst case
conditions for units containing iodine are different than for units that do not contain
iodine. That is, the worst case challenge for iodinated units involves using a test water

with a low pH whereas non-iodinated units are challenged by high pH waters.

Three different types of filters were chosen for further laboratory analysis. These filters
were chosen to represent the larger industry as a whole. One of the most expensive ones
on the market, the least expensive one available and a mid-price-range filter were chosen.
Each is from a different manufacturer.  Each unit has a different type of media with
which it filters the water. From Table 5-1 the filters chosen for testing were the ones
labelled S, 7 and 18. For the purpose of this report, these units will be called “Carbon”,

“Ceramic” and “Plastic” respectively.
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Figure 5-1 Carbon Portable Drinning Water Treatment Filter

The Carbon filter is iltustrated in Figure S-1 0 The flow of water through this umit is tirst
through a preliminary foam pre-filier that fite s ow liger particles betore entering the
main bodv o' the filter - Once inside the body of the filter, the water passes through a
pleated paper Hter that surrounds an activated carbon core Atter passing through the
actnvated carbon the water s puraped through an ellluent hose and can be collected  The

punspig rate for this filter is recommended to be between 20 and 30 strokes per minate
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INFLUENT

Franre 32 Ceramic Portable Drinking Water Treatment Filter

Fieure 3-2 contains a picture of the Ceramic fiter The pre-titer Son il unit is <0 ipless
steel Water s pumped through 100 2icsibver imipregnated coramic fiiter in the bods of
the unit betore it passes thioneh o small outler ar the top ot the faer There is no Maen:
hose associated with this unit This cetamic filier comes with g regeneration brush ™ that
18 to be used to serape the surface of the tilter when pumping has hecome noticeabl more
ditficult indicating that the tilter pores have been blocked  This regencration brush has an
associated gauge that is to be used to check the diameter of the ceramic Once the
diameter of the filter fits within the gauge area. the filter is exhausted and a new filter

cartridge is required
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Frgure -3 i a picture of the Plastic filter chosen for analvsis The water flows directly
through the polvethylene matriy filter bodv without anv pre-filiermg — Unlike the Ceramic
and Carbon devices. the filter element associated with the Plastic unit 1s not enclosed in a
casing  The effluent can be collected in two wavs with this unit The first method of
collection s by attaching a hosc to the opening in the pump handle and pumping the water
tmto a collection tlask  Alternatively. the water can be sucked out by using a straw
attachment instead of the pump  For the laboratory analysis. the pumping method was

used for collecting the effluent
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5§.2.2 Preparation of the Challenge Test Water

It was decided to test these three filters under worst case conditions that could possibly
occur in the study area. To do this, a suitable challenge water had to be developed.
Due to the large volume of water that was to be filtered. it was not feasible to use actual
water samples from the study area. Furthermore, it was also important for comparison
purposes that the water tested be of consistent quality. Therefore, a challenge test water
was created under controlled laboratory conditions to try to represent a worst case
scenario that could be expected in Northern Alberta.  To determine the levels of the
parameters in the test water, raw surface water data from the area was analyzed. This
data came from samples taken in the Treated Water Survey (Prince ¢f a/., 1994) and from
samples taken on field trips during the course of this study. Based on this raw water data
and on literature on other challenge waters made. the test water was created to have the

characteristics listed in Table 5-2.

Table 5-2. Challenge Test Water Characteristics

Parameter Challenge Level | Ingredient Amount of Ingredient
Added for Challenge

Water Distilled Water 7S L

I coli 10°cfu/100mL | Pure culture /. coli c.a. 9 mL of 24 hour

challenge (ATCC 13706) suspension (i.e. 1 mL

of I-. coli incubated in

suspension

10 mL of media for

24 hours)
Total Organic | 20 mg/L Humic Acid and Humic Acid: c.a. 260
Carbon Glucose mL of 1.5 ¢/L

suspension.

Glucose: 3.75 ¢
Total Dissolved | 180 mg/L Sodium Chloride 11.25 g NaCl
Solids (NaCh
pH 8.0 NaOH or HCl c.a. | mL NaOH
Turbidity 30NTU S.AE. Fine Test Dust | 2.0 g S.A.E. Test Dust
Particle Sizes Ranging from S.A.E. Fine Test Dust | (included with above)

1 tto>50 1
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The USEPA’s document entitled Protocols for Point- i-Use Devices Guide Standard and

Protocol for Testing Microbiological Water Purifiers was consulted for ingredients to use

to simulate this challenge water (USEPA, 1987). The appropriate amounts of each
ingredient to be added was determined through preliminary laboratory testing. The test
water was prepared in a 120L container each day of the actual experiment. After all of the
ingredients were added, the test water was left to mix at 600 rpm for approximately one
hour so that the bacteria had time to acclimatize to the new conditions. The mixing

continued for the duration of the filtering to keep all of the ingredients in suspension.
5.2.2.1 E. coli Suspension Preparation

A 1 mL pure suspension of /. coli (ATCC 13706) was incubated at 35°C for 24 hours in
9 mL of sterile tryptic soy agar (TSA) liquid agar overnight. Each day | mL of the
suspension was transferred to 9 mL of sterile TSA agar so that the microorganisms were

kept in the exponential growth phase for the challenge test water.

5.2.3 Experimental Design

The basic experimental design used to evaluate these filters was a two way analysis of
variance (ANOVA); with 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 iriplicate. A design such as this one allows for comparing
“between’ and “within” treatments (Box e al., 1978). In other words, the difference
between the different types of filters (i.e. Carbon vs Ceramic vs Plastic) can be analyzed,
as well as the difference within each triplicate of filter type (i.e. Carbon Filter 1 vs Carbon
Filter 2 vs Carbon Filter 3). Once all the data was collected, it was assessed using

analysis of variance tables like those described by Box ¢t al., (1978).
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Analysis of the data was performed using the statistical programming features of
Microsoft Excel 6.0. ANOVA tables were generated on the percent reduction data for

the averages obtained. The results of these analyses are discussed in Section 3.3

5.2.3.1 Filter Conditioning

Three prototype water filters of each brand were set up and conditioned according to
manufacturers instructions prior to starting the tests. This involved filtering 1 L of water
through the Carbon unit. filtering water through the Ceramic unit until it was “opticaliy
clear”, and nothing for the Plastic filter. To keep the filtered volumes uniform, 1 L of
distilled water was filtered through each urit prior to the onset of the challenge testing. It
should be noted that this 1 L conditioning is not included in the total volume filtered in the

results discussed later in this report.

3.2.3.2 Apparatus

The apparatus used in the experiment is illustrated in Figure 5-4  The three triplicate
tilters were mounted upright with metal strappings onto a piece of wood. The handles of
each filter unit were attached to another piece of wood using hose clamps and screws so
that each unit could be pumped uniformly. The boards were attached to the side of a

laboratory bench using C-clamps during the pun.ning cycles.
The influent challenge test water was prepared in 75 L volumes in a 120 L cylindrical

container as described above. This challenge water was stirred at a rate of approximately

600 rpm for the duration of the experiment. The influent hoses were
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Ficure -4 Bxperimental Apparatus



Fraure 3= Challenge Fest Water with Velero Hose Attachments

Figure 5-0  Influent and Effluent Collection Flasks



fastened to the side of this tank with velcro (as shown in Figure 5-5) so that they would

not get strangled in the mixer.

The units were pumped manually at the rate specified by the manufacturers. Since the
handles of each of the triplicate filters were attached to a wooden crossbar, they could all

be pumped in unison so that differences in pumping pressure and rate would be limited.
Influent and effluent water samples were collected in 1 L sterilized Erlenmeyer flasks as
shown in Figure 5-6. At the onset of each experimental day. a pre-determined volume

was set to be filtered. Influent and effluent samples were takenat 1 L 4L, 6L, 8L, I0L

and 20 L.

5.2.3.3 Analytical Procedures

The influent and effluent samples were analyzed for . coli concentration, particle counts

and turbidity for each filter.

Microbial Analysis

The microbial analysis done on influent and effluent samples consisted of enumerating /-.
coli organisms. I.. coli was chosen as a bacterial indicator organism because of its known
presence in contaminated raw water supplies and because it is a member of the coliform

group of bacteria that are regulated in the GCDWQ.

The samples for the microbial assays were collected in sterile flasks. The analytical
membrane filtration procedure followed was the same as for the Total Coliform analysis
done on non-conventional water samples.  There was one variation though that involved
neutralizing the silver in the samples collected from the ceramic units. 10 mL of

Chamber’s solution (7.3% sodium thiosulphate and 5% sodium thioglycolate) was added
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per litre of sample collected from the ceramic units (USEPA, 1987; Environmenta! Health

Directorate, 1980).

Viruses are another microbial pathogen of interest in the assessment of drinking water
treatment technologies. Viruses were not included in this protocol for assessing portable
drinking water treatment filters for a couple of reasons. First, assaying viruses is a time
consuming, difficult and costly procedure (Emde, 1995). Second. viruses are generally
10 nm to 25 nm particles (AWWA, 1990) so they will not be removed by occlusion
filtration alone.  Since both the plastic and carbon filters rely on occlusion filtration, it is
deduced that these two filters will not remove viruses. The ceramic filter is impregnated
with silver which purportedly has some disinfection capabilities. However, because this
was an exploratory study, viruses were not chosen for microbial assessment of the water

filters.

Protozoans are also pathogenic agents of concern in drinking water. (iardia and
Cryptosporidium are of particular relevance in untreated surface waters as may be found
in Northern Alberta. Therefore, an assessment of the filters performance in removing
these protozoans would be valuable. However. there are some difficulties associated with
cyst production and measurement technologies with these organisms (USEPA, 1987).
Therefore, since these filters rely primarilv on occlusion filtration. it is feasible to test the
units using glass spheres or particles from automotive test dust (USEPA, 1987). The
utilization of these particles as representatives of (iiwrdia. Cryptosporidium and bacteria is

explained below in the section on particle counting.

Particle Counting

The particles were counted using a Hiac/Royco HRLD-150 Particle Analyzer. This is a
multiple channel, vacuum based batch sampler with a light obscuring sensor. In this type

of instrument, a light beam of known intensity shines through a defined “sensing zone”



within the sensor (Lewis ef al, 1992). Particles are then sized based on the decrease in

light intensity and comparing the results with previously calibrated standards.

The Hiac/Royco HRLD-150 is capable of measuring particles 1.0 pu to 150 p in diameter
in eight particle size range channels. When using a multiple channel counter like this one,
it is best to choose narrower channel widths for smaller particle sizes (where particles are
most numerous) and wider channel sizes for larger particle sizes (where fewer particles
will be detected) (Lewis ef al, 1992). With this in mind, the channels were set to count
particles in the following ranges: (1) I pto2u; (2)2pnto3 p; (3)3 nto4 L; (4)4 uto
S1;(5) Spto 101 (6) 10 wto 25 ; £7) 25 p to 50 p; and (8) 50 p to 150 tt. These
particle size ranges were also chosen to try to assess filter performance of removing a few
target organisms such as Giardia, Cryptesporidium and bacteria. Bacteria range in size
from 0.125 u to 28 u (Singleton and Sainsbury, 1981) but the size range for most bacteria
15 0.3 w to 1.0 pu (Smith, 1994). Hence, the smallest range of | to 2 microns will be used
to analyze for bacterial removal abilities. For Giardia, the 5 to 10 micron size range will
be used to assess for potential Giardia reduction. This size range was chosen based on
the dimensions given by LeChevallier and Norton, (1992) and the AWWA ( 1990) which
were 9 pux 12 pand 6 b x 10 u (cyst form) respectively. Therefore, particle reduction in
the 5 to 10 micron range should give some indication of Giardia removal. The other
protozoan of interest was Cryprosporidium which averages 4.7 yt in diameter
(LeChevallier and Nerton, 1992). Therefore, assessing particle reduction in the 4 to
micron range should be indicative of Cryptosporidium removai. The assessment of larger

particle reduction was done by looking at the results from the 10 to 25 micron particle

counts.

Influent and effluent grab samples were analyzed in triplicate in 10 mL volumes at a flow
rate of 25 mL/min by the particle counter. The concentration limit for this instrument was
18 000 particles per mL. Therefore, if this limit was exceeded, the results were invalid
(Lewis et al, 1992) and the samples had to be diluted with Milli-Q water and re-analyzed

until the total number of particles was within this countable range. The results presented
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in the fellowing section of this thesis have been corrected for any dilutions and also for the
particles contributed by the Milli-Q water added. ~ Since all of the surfaces that come
into contact with the sample may contribute particles (Lewis et al, 1992), care was taken

to thoroughly rinse all sample and dilution bottles with Milli-Q water prior to analysis.

Turbidity Analysis

Influent and effluent turbidity was measured using a portable digital Hach turbidimeter
that was calibrated using prepared formazin standards. Both the (bacteria) level and
particle counts are correlated to turbuuity (LeChevallier and Norton, 1992). Therefore, it
i1s expected that a reduction in turbidity will be associated with a reduction in particle and
micrebial levels.  The advantage of assessing turbidity is that it is a widely measured
water parameter and it also has a health related guidelines. In the GCDWQ, the turbidity
in treated drinking water cannot exceed | NTU in 95% of the samples (Federal-Provincial
Subcommittee on Drinking Water. 1993). The USEPA has more stringent turbidity
regulations. The Surface Water Treatment Rule states that turbidities cannot exceed 0.5
NTU in 95% of the samples per month although in some cases less strict guidelines are

allowable (LeChevallier and Norton, 1992)
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5.3 Results

The two way analysis of variance (ANOVA) of all of the data is presented in Appendix D.
The null hypothesis to be tested by the ANOVA in both situations is that the treatment
means are all the same (Box ef ai', 1978). The alternate hypothesis is that they are all
different. An example in interpreting the ANOVA tables in the Appendix D is discussed

with reference to Figure 5-7.

Figure 5-7. Example Two Way ANOVA Table

Source of Variation SS df MS F P valuc Fern
Rows 0.28 2 014 0.996092 | 0.4456 6.94427
Columns 35.74 2 17.87 128.2336 | 0.0002 6.94427
Error 0.56 4 0.14

Total 36.58 8

List of Abbreviations Used:

SS = Sum of Squarcs Rows = within trcatments

df = degrees of frecdom Colunins = between treatments

MS = Mean Square

F = F-icst ratio

P valuc = probability valuc

Fery = critical valuc with which to comparc F

In order to determine whether the variation within and between treatments is significant,
the F-test statistic from the ANOVA table is analyzed. The F.., value listed is for the 95%
confidence interval. Using the example above, F<F; for the rows (i.e. Carbon filter A vs
Carbon filter B vs Carbon Filter C) and so the null hypothesis is accepted. From this, it is
established that there is no significant difference within the filters 55% (1 - P-value) of the
time. The null hypothesis is rejected for the columns because F<F.;. The columns in
this case represent the variation between the different types of filters (Carbon vs Ceramic
vs Plastic) and so the conclusion for this example is that the mean reduction is not the

same when comparing the different types of filters.

A summary of the results obtained from the portable drinking water treatment filter

analyses are presented in the pages that follow.
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5.3.1 Turbidity Analysis

Table 5-3(a) contains the influent and effluent turbidity averages and standard deviations
for each filter tested. Table 5-3(b) lists the associated percent reduction at each volume
filtered. From these tables it is evident that the ceramic filter is the only filter that is
capable of reaching the GCDWQ turbidity guideline of | NTU. These results are
illustrated in Figure 5-8 and 5-9.

Table 5-3. Turbidity Levels and Percent Turbidity Reduction

(a)Turbidity (NTU)

Voluine Filtered I 4 6 8 10 20
(L)

Statistic Avg | Std [ Avg | Std | Avg | Std | Avg | Sid | Avg | Std | Avg | Sid
Dev Dev Decv Dcv Dcv Dev

Influent 33.30 - 30301 - 30301 - [25.93] 0.45 (2593 0.45 |31.08) 0.91]
Plastic 178 [ 08 1 176 [ 0151393 [ 0381271012289 |0.13]355]0.76
Carbon 1.28 0081 188 1012130710061 199]0.15[2.06]036]3.12] 045
Ceramic 094 (041|054 003040 010023008 034008056019

(b) Turbidity Reduction (%)

Volumc Filtered ] 4 6 8 10 20
(L)
Statistic Avg + Sid | Avg | Sid [ Avg | Sid | Avg | Std | Avg | Std | Avg | Std
Dev Dev Dev Dev Dev Dev
Plastic 94.64 [ 0.53 94191 049 [87.02( 1.25 |89.55] 0.44 [88.87] 0.51 [88.57] 2.46
Carbon 96.17 | 0.24 [93.80] 0.40 189.88( 0.19 [92.34] .58 [92.05] 1.38 |89.97] 1 46
Ceramic 9719 | 1.23 [98.211 013 [Y8.68] 0.33 |99.10} 0.29 {98.68] 0.31 [98.20] 0.61
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Figure 5-8 illustrates the actual turbidity reduction for the filters. It is interesting to note
that between 17 L and 18 L of water filtered, the pumping of the ceramic filters had
become noticeably more difficult indicating that the pores had become blocked and the
unit needed to be cleaned as explained by the manufacturer. This “regeneration” involved
removing the filter element from the filter housing and scraping the ceramic filter under
running water with the “regeneration brush™ supplied until the brighit natural colour of the
ceramic reappeared. It is interesting to note that the turbidity following this regencration
is significantly higher than just prior to the scraping. This is typical of other filters after
they have been backwashed.  Another interesting feature to point out is in Figure 5-9.
Between 4 L. and 6 L volume filtered. all of'the filters were left with water in them. The
percent turbidity reduction dropped at this volume. This is possibly a result of bacterial

growth in the filters during this time.

The turbidity reduction ANOVA results in Appendix D show that the variation within
eaci filter type (i.e. comparing Carbon 1 vs Carbon 2 vs Carbon 3} is not significant. The
variation between treatments. for all except the first litre of water filtered. is significant,

and there is a difference between the filters.

5.3.2 Particle Analysis

As discussed, the particle counting machine is capable of counting particles in 8 particle
size ranges. For the analysis of the data. only the four ranges chosen to be representative
of bacteria (I to 2 micron range), Cryptosporidium (3 to 4 micron range), Giardiu (5 to

10 micron range), and larger particles (10 to 25 micron range) are presented.
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5.3.2.1 Bacteria Particle Size Range (I to 2 microns)

Table 5-4(a) contains the influent and effluent particle count averages and standard
deviations for each filter tested. Table 5-4(b) lists the associated percent reduction at each
volume filtered. The ceramic filter reduces the number of particles in this size range with

the greatest efficiency followed by the carbon and then the plastic filter.

Table 5-4. Particle Counts and Percent Particle Reduction (1 to 2 microns)

(a) 1 micron to 2 micron Particle Count(particles/mL)

Volume 1 4 6 8 10 20
Filtered (L)
Statistic | Avg | Std [ Avg | Std | Avg | Sud Avg Std | Avg | Std | Avg | Std
Dev Dev Dev Dcv Dev Dev
Influent [1216162] 1511 | 1264985 | 14885 | 1157198 [ 243443 ] 1053074 | 175857 [1053967]156725]1142509]128467

Plastic | 38957 | 106111 38738 | 4565 | 143762 | 10610 | 105026 { 14912 | 89436 | 8312 [ 10746741091
Carbon [ 41425 | 2985 | 39866 | 8848 | 46863 | 6729 | 23674 | 5005 [ 29574 [ 9776 | 32013 [ 10464
Ceramic | 14077 [104051 3035 | 4131 1022 123 344 301 689 184 135 40

(b) 1 micron to 2 micron Particle Reduction (%)

| Volume 1 4 6 8 10 20
Filtcred (L)
Statistic | Avg | Std | Avg | Std | Avg | Sud Avg | Std | Avg | Std | Avg | Sud
Dev Dev Dev Decv Dev Dev

Plastic ] 96.80 | 0.87 | 96.94] 0.36 [ 87.58 | 0.92 [90.03| 1.42 [91.51] 0.79 [ 90.59 ] 3.60
Carbon | 96.59 [ 0.25 | 96.85] 0.70 | 9595 0.58 [ 97.75] 0.48 | 97.19] 0.93 | 97.20 | 0.92
Ceramic | 98.84 | 0.86 | 99.76 | 0.33 [ 99.91| 0.01 {99.97] 0.03 [99.93] 0.02 [ 99.99 [ 0.00

The average particle count per mL and percent reduction for 1 to Z micron particle size
range are presented in Figures 5-10 and 5-11. The particle count for the ceramic filter
increases after the filter scraping event between 17 L and 18 L. This correlates with the
higher turbidity at 18 L for the ceramic filter as well. There is a very interesting anomaly
in Figure 5-11 that should be discussed. As mentioned, there was a 2 day stagnation
period between 4 L and 6 L of water filtered. There is a dramatic drop from about 96%
reduction to about 88% reduction for the carbon filter in this time span. Since the particle
counter also counts the /. coli organisms that would likely be counted in this range, the
data suggests that the bacteria have colonized the filter in this time and multiplied within

it.
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The bacterial colonization of activated carbon media is well documented (Geldreich and
Reasoner, 1990; Geldreich er al, 1985) and these results seem to support colonization.
There did not appear to be bacterial-size particle colonization in either of the ceramic or

plastic filter to any appreciabie extent.

The ANOVA results for the 1 to 2 micron particle analysis indicate that there is no
significant difference between the sample means within treatments but there is between

treatments.

5.3.2.2 Cryptosporidium Particle Size Range (4 to 5 microns)

Table 5-5(a) contains the influent and effluent particie count averages and standard
deviations for each filter tested. Table 5-5(b) lists the associated percent reduction at each
volume filtered. The ceramic filter reduces the number of particles in this size range with
the greatest efficiency followed by the carbon and then the plastic filter. With the
exception of the first litre of water filtered. the ceramic filter maintains a 3 log reduction.

The other two filters have a 2 log removal of particles in this range.

Table 5-5. Particle Counts and Percent Particle Reduction (4 to 5 microns)
(a) 4 micron to 5 micron Particle Count (particles/mL)

Volume 1 4 6 8 10 20)
Filtered (L)

Statistic Avg |StdDev| Avg | Sid | Avg | Std | Avg | Std | Avg | Std | Avg | Sud

Dev Dev Dev Decv Decv

Influcnt 77050 | 1073 76394 292 [74658]|17301{77512{15165|77532|10846]|76811]12114

Plastic 389 327 265 [ 156 | 762 | 770 | 259 | 38 | 288 | 138 | 238 | 50
Carbon 634 89 626 | 235 | 319 | 51 180 | 57 (223 | 101 | 241 | 131
Ccramic 176 101 78 109 | 50 27 7 4 29 8 4 2

(b) 4 micron to 5 micron Particlc Reduction (%)

Volume 1 4 5 8 10 20
Filtcred (L)
Statistic Avg [StdDev| Avg | Std | Avg | Std | Avg | Sid | Avg | Std | Avg | Sud
Dev Decv Dcv Dcv Dev
Plastic 99.50 1 0.42 199.65] 0.20 [98.98] 1.03 [99.67] 0.05 {99.63] 0.18 {99.69] 0.07

Carbon 99.15 | 0.12 199.18] 0.31 [99.57] 0.07 [99.77{ 0.07 [99.71] 0.13 [99.69] 0.17

Ceramic 99.77 | 0.13 199.90( 0.14 199.93] 0.04 [99.99| 0.00 [99.96[ 0.01 199.99] 0.00
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Figure 5-12 and Figure 5-13 show the percent reduction and particle counts for this
Cryptosporidium particle size range. Once again, the increase in number of particles in
the ceramic filter at 18 L corresponds with the increased turbidity and the filter scraping
event. There is also a decline in percent reduction for the carbon filter after the 2 day

stagnation period. A similar trend was not evident in the cther two filters.

The results from the ANOVA indicate that there is not a significant difference within
filters. The assessment of the between filter performance shows that the difference in
means is narrowing. A significant difference between filters at the 95% confidence

interval was only found at 4 L, 8 L, and 20 L.

5.3.2.3 Giardia Particle Size Range (5 to 10 microns)

Table 5-6(a) contains the influent and effluent particle count averages and standard
deviations for each filter tested. Table 5-6(b) lists the associated percent reduction at each
volume filtered. The ceramic filter reduces the number of particles in this size range with
the greatest efficiency followed by the carbon and then the piastic filter. With the
exception of the first litre of water filtered, the ceramic filter maintains a 3 log reduction in
this particle size range.  The other two filters have a 2 log removal of particles in this

range.

Figure 5-14 and 5-15 illustrate the average influent and effluent particle courits and the
percent reduction for the 5 to 10 micron particle range. The increased number of
particles associated with the ceramic filter scraping event is seen at 18 L for the ceramic
unit. The carbon unit has a reduced percent removal of 5 to 10 micron particles at 5 L of

water filtered.
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Table 5-6. Particle Counts and Percent Particle Reduction (5 to 10 microns)

(a) 5 micron to 10 micron Particle Count (particles/mL)

Volume | 4 6 8 10 20
Filtered (L)
Statistic Avg| Sd [ Avg| Std |Avg| Std | Avg| Sid | Avg| Std | Avg| Sud
Dev Dev Dev Dev Dcv Dev
Influent 664051 855 65561 1063 [61558| 12455 [67419] 13884 [67430] 8891 [69976] K653
Plastic 293 | 248 | 2100 163 | 410 | 343 | 211 78 229 65 182 20
Carbon 356 26 377 1 167 | 181 39 92 35 139 62 199 93
Cceramic 121 82 18 53 52 29 6 4 27 7 4 3
(b) 5 micron to 10 micron Particle Reduction (%)
Volume ] 4 6 8 10 20
Filtered (L)
Statistic Avg | Std | Avgl Std tAvg| Std | Avg] Sid | Avgl| Std | Avg | Sid
Dev Dev Dev Decv Dev Dev
Plastic 99.56| 0.37 [99.68] 0.25 |99.33] 0.56 199.69( 0.11 [99.66] 0.10 [99.74] 0.03
Carbon 9946 .04 199421 0.25 [99.71] 0.06 {99.86] 0.05 [99.791 0.09 [9v9.72] 0.13
Ceramic 99.82( 0.12 [99.93] 008 |99.92 0.05 {99991 0.0]1 9996} 0.01 [99.99] 0.00

The ANOVA for this particle range indicates that a slight significant difference exists

between the different filters at 8 L. 10 L and 20 L. There is no significant difference

within treatments for this particle size range.

5.3.2.4 Larger Particle Size Range (10 to 25 microns)

Particle counts and percent particle reduction for the 10 to 25 micron particle size range

are presented in Table 5-7(a) and 5-7(b). Once again the ceramic filter is most effective

at removing particles in this size range. The average results cbtained are plotted in

Figure 5-16 and Figure 5-17. These figures illustrate the same trends as are evident in the
other particle size analyses. The ceramic has the best overall removal capabilities and the
plastic filter has the lowest percent reduction. There is also an increase in number of

particles for the ceramic filter at 18 L corresponding with the filter scraping event.

The ANOVA on this particle size range indicate variation between filters at 8 L, 10 L and

20 L of water filtered. There is no significant within treatment variation.
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Table 5-7. Particle Counts and Percent Particle Reduction (10 to 25 microns)
(a) 10 micron to 25 micron Particlec Count (particles/mL)

Volume 1 4 6 8 10 20
Filtered (L)
Statistic Avg | Std [Avg| Std | Avg| Std [ Avg| Sid | Avg| Std | Avg | Std
Dev Dev Dev Dev Dev Dev
Influcnt 1386 | 304 [1375 | 3556 (1195 | 3625 |1265 | 3688 |1266 | 799 {1475 | 767
7 3 6 9 1 3
Plastic 58 53 28 25 47 25 58 29 105 47 57 18
Carbon 30 5 41 41 22 6 9 5 16 Y 32 9
Ceramic 22 18 7 4 14 6 1 I 5 3 1 1
(b) 10 micron to 25 micron Particle Reduction (%)
Volumc i 4 6 8 10 20
Filtered (L)
Statistic Avg| Sid | Avg | Std [Avg| Std [ Avg| Std | Avg | Sid | Avg| Std
Dev Dev Dev Dev Dev Dev
Plastic 99.58| 0.38 [99.80| 0.18 |99.61[ 0.2]1 |99.54] 0.23 [99.17] 0.37 ]996i}| 0.12
Carbon 99.791 0.04 199.70] 0.30 99811 0.13 {99.93] 0.04 199881 0.07 199.78| 0.06
Ceramic 9984 0,13 |99.95] 0.03 19988 0.05 [99.99] 0.01 [99.96] 0.03 19999 0.00
5.3.3 Microbial Analysis
I coli counts and /-. coli reduction data are presented in Table 5-8(a) and 5-8(b).
Table 5-8. I-. coli Counts and /-. coli Percent Reduction
(a) /<. coli Enumeration (cfu/100 mL)
Volume I 4 6 8 10 20
Filtered (L)
Statistic Avg | Std | Avg | Std [ Avg | Sid | Avg | Sid | Avg | Sid | Avg | Sud
Dcv Dev Dcv Dev Dcv Dev
influent | S0E-06[S7E-0S[41E-06[3.2E- 0516 SE-06] 1.3E-06[5.75-06 | 5.6F 05| 5.8 06| S 3E-0516.7E-06] 21506
Plastic TNTC | NA [ INTC | NA J43E-06[3.9E-06]2.0E-06}3 2E-05|2.2E-06|S.0E-05|3.8E-0619 7503
Carbon  [23E-02]1.2F-02{ 1 9E-03[3.5E-02[13E-06[4.2F - 05[1.0E-06 [& SE- 03] 74E-05[3.1E- 05| 1.5E-06] 1 SE-06
Ccramic <] <l <] <] <l <1 <l <] <] <l <] <]
{b) I, coli Reduction (%)
Volume 1 4 6 8 10 20
Filtcred (L)
Statistic Avg | Std | Avg | Std | Avg | Sd | Avg | Sid | Avg | Sud Avg | Sud
Dev Dev Decv Dev Dev Dev
Plastic - - - - 33.0215991 16468 5.64 162,191 855 | 4328 14.60
Carbon  1100.00] 0.00 |99.95] 0.01 {7993 | 6.57 | 82.47 | 1.50 | 87.20| 5.36 [ 77.68 ] 23.09
Ceramic {100.00{ 0.00 {100.00] .00 [100.00{ 0.00 ]100.00 0.00 1100.00] 0.00 {100.00] 0.00
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Figure 5-18 and 5-19 illustrate the microbial reduction capabilities of the portable filters.
The ceramic filter was effective at removing . coli at all volumes. The carbon filter was
less effective and the plastic filter was even less effective at removing microorganisms.
Once again the ANOVA analysis showed that the variation within treatments was

insignificant, but the variation between was significant.

5.4 Discussion

5.4.1 Assessment of Filter Effectiveness

Turbidity Analysis

The target influent turbidity was 30 NTU. Only the ceramic unit was able to reduce this
influent turbidity to below the Canadian Drinking Water Quality Guideline value of
I NTU. It also appears that there was a very slight initial conditioning period for the

filters in which the turbidity reduction gets better.

The turbidity reduction for both the Carbon and the Plastic unit were less than for the
Ceramic unit. Unlike the Ceramic filter, the percent turbidity reduction decreased for
these other two units for the first 6 L and then seemed to level off somewhat from 10 L to
20 L. The Carbon and Plastic curves illustrate a minimum inflection point at 6 L.  This
low percent turbidity reduction is correlated with higher turbidity levels at 6 L of water
filtered. Prior to collecting the 6 L sample, there was a 2 day stagnation period in which
the filters were not used. It is possible that during this time, bacteria colonized the filter
and were then sloughed off in the first litre of water collected after the stagnation period.

These extra microorganisms may have contributed to the higher turbidities.
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Microbial Analysis

The silver impregnated ceramic unit was very effective at removing the /<. coli in the
influent challenge water. Over the whole experimental test period, the effluent /. coli
concentration was consistently <1 cfu/100 mL, which corresponds to a 6-log reduction.
Regunathan and Beauman (1987) state that “/-scherichia coli is readily killed by low
levels of silver™ and “there have been numerous unpublished reports of the bactericidal
effect of silver on the common enteric pathogens, but these reports have not been
confirmed.” Even though the impregnated silver may inactivate /.. coli, other
heterotrophic bacteria are more resistant (Geldreich ¢/ a/., 1985). Measuring the HPC in

the influent and effluent of these filters is a recommendation for further study.

The microbial removal in the other two units was less than ideal. Even the first litre of
water filtered contained vert high concentrations of /.. cofi. In the Plastic unit, the growth
on the mEndo plate was so great that the colonies were 700 Numerous 1oo (Count
(TNTC). For subsequent assays. appropriate dilutions were made. The Carbon unit has a
slightly better percent removal than the Plastic unit over the course of the experiments. but
by the eighth litre of water filtered, both the Carbon filter and ths Plastic filter had less

than a 1-log bacterial reduction.

Activated carbon filter media provides an ideal environment for bacterial growth because
tt chemically reduces chlorine, and bacteria can grow on the surface of the activated
carbon (Drinking Water Health Effects Task Force, 1989). Culotta (1989) also talks
about this bacterial contamination of activated carbon media. and explains that this is why
activated carbon filters “should only be used to treat water that is microbiologically safe.”
Although it is not evident from the graphs and tables, it is interesting to note that one of
the Plastic filters actually contributed /. coli to the effluent water at 6 L of water filtered.
This certainly points to bacterial colonization and proliferation in this particular unit during

the 2 day stagnation period prior to the 6 L collection.
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Particle Analysis

As described above, the particle counts were divided into eight ranges: (1) I pto2
(2)Zpto3 (33 utodp; (4)dputoSu;(5)5uto 10 H(6) 10 nto25u; (7)25n
to 50 p; and (8) greater than 50 i The smallest size particle that can be counted by the
Hiac/Royco particle analyzer is 1y1. Therefore, the 0.2 1 and 0.5 1t claims made by the
manufacturers of these devices was not tested. However, by looking at the particle counts
in the 1 [t to 2 p range, it is evident that some particles in this range still manage to
squeeze through the filter media, so the absolute ratings supplied by the manufacturer are
not necessarily accurate. Once again, the Ceramic filter was the most efficient and has the
highest percent reduction. The percent particle reduction increased over time as the filter
pores became clogged until after the cleaning event after Litre-17. After the filter scraping
of this ceramic unit, the particle counts in all of the ranges measured increased. This
corresponds to the increased turbidity also noticed at Litre-18. The average particle
counts for the Carbon and the Plastic unit were typically greater than for the ceramic unit.
This would be expected from the higher pore size ratings given by the manufacturers of

these units.

5.4.2 Assessment of Experimental Protocol

The results of the Portable Drinking Water Treatment Filter Laboratory Testing just
discussed were achieved under specific test conditions and are not necessarily definitive
for all units under a variety of other conditions that may be experienced under actual
operating conditions. Nonetheless, significant differences between different types of units
were seen and certainly, the effectiveness of the Carbon and Plastic unit is questionable,
because neither of these units had more than a I-Log /. coli reduction after the sixth litre

of water filtered.
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Review of the literature found that little information was available on the use and quality
of non-conventional drinking water, both within and outside of the study area. Compared
to conventionally treated water, almost no informat’ , was available, which was
somewhat surprising since it has been estimated that 25% of the population in the study
area obtain their water from sources other than conventional treatment facilities. It would
be expected that similar numbers would be found in other relatively remote areas in

Canada.

The source of drinking water for the estimated 25% of people that do not obtain their
drinking water from conventional drinking water treatment facilities are numerous. These
people utilize non-conventional sources of water including: (1) self-hauled treated water,
(2) untreated surface water, (3) ground water. (4) environmental sources of water such as
rain water. snow water, ice water, and birch tree water (5) point-of-use treated water. and
(6) bottled water. Population sub-gro- ~s that may be particularly predisposed to the
utilization of non-conventional drinking water include:

(1) people living in rural remote areas. (2) people that consume the water for traditional
or cultural purposes, (3) health conscious individuals and. (4) people that live off the land

or are invelved in wilderness activities.

ft is not known to what extent these non-conventional sources of drinking water are
treated; if at all. Some of the non-conventional drinking water treatment techniques that
may be used by people living in remote areas include: (1) “point-of-use” disinfection
methods: (2) “point-of-use™ mechanical particle separation methods; and (3) “point-of-

use” multi-barrier treatment processes:



1. Point-of-use disinfection methods include boiling the water,
chlorinating the water with chlorine tablets or chlorine bleach, and
treating the water with iodine tablets. Other point-of-use
disinfection units may employ ultraviolet light or ozone as the
disinfecting agent.

2. Point-of-use mechanical particle separation methods that may be
utilized by people that do not receive their drinking water from
conventional treatment facilities ranges from filtering the water with
cloth and sand to more sophisticated reverse osmosis membrane
filters, ion exchange units and activated carbon units. There are
also portable drinking water treatment filters on the market that are
designed to filter small quantities of water at the point-of-use.
These filters contain a variety of media types ranging from
polyethylene, activated carbon, ceramic, and iodinated resins.

3. Point-of-use multi-barrier treatment processes wil! typically employ
several unit processes in the treatment sequence, utilizing both
disinfection and mechanical separation techniques to obtain a high
quality of drinking water. In some cases. small scale conventional
drinking water treatment plants, called “package plants”, may be

installed in individual homes in remote areas.

Non-conventional sources of drinking water may also be used by people that receive
drinking water from a conventional drinking water facility. These non-conventional
sources have been labeled “special drinking water” by the people that collect it and are
used for cooking and drinking purposes and for making tea. It is hypothesized that older
members of the communities may engage in this practice more frequently than the younger
generation. A more in-depth look into a particular communities drinking water practices
is necessary to establish the extent of “special drinking water” usage by people that do

have access to conventionally treated water.
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Many people in the study area do not like the taste of chlorine in their drinking water.
Some people have turned to additional treatmcat of the chlorinated water to try to get rid
of this chlorine taste. Some of the methods used include boiling, aerating the water and
treating it with a point of use filter. Although some of these point-of-use devices are very
effective at removing the chlorine taste and odour in the drinking water, these devices
have their limitations, particularly those that contain activated carbon. It is a well
established fact that activated carbon units harbor bacterial growth and can lead to an
increased number of microorganisms in the water that it treats if they are not properly
maintained and if the filters are not replaced regularly. Public education about the reason
that water is chlorinated may decrease the opposition to chlorination in some communities

in the Northern Alberta.

There are many physical. chemical and microbiological parameters in the non-conventional
drinking water samples tested that do not meet the guideline values recommended in the
Guidelines for Canadian Drinking Water Quality. All of the surface water samples
collected were positive for total coliforms which are used as an indicator of the
pathogenicity of water. In addition. the general bacterial populations are fairly high.
Furthermore, several of the physical and chemical guideline limits were exceeded in the
samples tested. Based on this. drinking untreated surface water could potentially pose a
serious threat to health.  The analyses performed on the groundwater samples collected
showed that the microbiological quality of the samples was satisfactory. but some
chemical constituents, such as high ammonia, can be a cause for concern  The snow
water samples collected showed that snow is not immune from contamination. The
GCDWAQ for Total Coliforms was exceeded for the snow samples as well as some other
parameters. The quality of the bottled water samples colle ted met the health related
guideline values. It should be noted that the background bacterial counts in bottled water
is relatively high when compared to conventionally treated water. And finally, the point-
of-use treatment device tested during the sampling component, showed that some of these

units, especially those that employ activated carbon, have a tendency to foster bacterial
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growth. Therefore, regular replacement of filter cartridges is necessary if these units are

utilized.

From the portable drinking water treatment filter assessment it was found that two of the
three units tested (plastic media and activated carbon media) were ineffective at removing
L. coli bacteria after the first litre of water was filtered. Therefore, these units are not
recommended as the sole treatment «f contaminated drinking water for the wilderness
excursions they are intended for. It has also been concluded from this analysis that these
units do not always live up to the claims made by the manufacturers.  Further laboratory
testing of the silver impregnated ceramic unit is necessary before it can be condoned as a
viable treatment option for those that live in remote areas in the study area or for those

that live off of the land.

Initially, the assessment of non-conventional drinking water in the Northerr River Basins
Study was set out as a scientific-based study. However, it was quickly realized that
there was also traditional and perhaps cultural aspects to the assessment of non-
conventional drinking water; hence a large social scientific component.  Therefore,
although water samples can be analyzed by traditional scientific techniques, it is difficult to
assess the overall impact that consuming non-conventional water will have when one must
also consider the psychological edge that drinking “special water” may have for people.
The problem is that it is difficult to incorporate belief systems into the scientific
assessment of drinking water quality. Therefore, in approaching this study, researchers

were not trying to find a reason to undermine traditional ways, rather, the focus was to try

to gain an understanding about them.

There were many limitations in regards to the assessment of non-conventional drinking
water in the study area as a result of the sociological component of this study. First, as is
the case with any social scientific study, there are many potential errors in human inquiry
and assessment. Second, in some areas in Northern Alberta, there was a language barrier

between residents and researchers, particularly with elders in the native communities.
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Third, many of the people interviewed seemed somewhat suspicious of the motives behind
collecting the samples and some even openly expressed their concern that they feared that
researchers would tell them that they could not drink their “special water” anymore. A
fourth limitation with the collection of information for this assessment of non-conventional
drinking water, was the relatively short amount of time spent in the study communities.
To obtain a better understanding of traditional ways of obtaining drinking water and the
extent of use. more time should be spent in the communities to get to know the residents.
to gain their trust. and to actually participate in the activities being studied. In this way, a
deeper understanding of the non-conventional drinking water treatment practices of
Northern Alberta residents can be attained. Another alternative may be to more actively

involve resident Community Health Representatives in a study of this nature in the future.

6.2 Recommendations

There are several recommendations for further study pertaining to the assessiment of non-

conventional drinking water supplies

First. further testing of the portable silver impregnated ceramic filter is necessary before it
can be recommended as a viable method of obtaining safe water during living off the land
experiences.  Another type of bacteria should be used in the challenge test water to see if
the unit effectively removes other strains of bacteria.  Klehsiella terrigena (ATCC-

33257) is the bacterial organism suggested by the USEPA (1987) in the Guide Standard

and Protocol for Testing Microbiological Water Purifiers.  Furthermore, the capability of

this unit to the reduction of viruses should also be assessed. In this instance. the USEPA
(1987) recommends using Poliovirus Type 1 (Lsc) (ATCC-VR-59) and Rotavirus Strain
SA-11 (ATCC-VR-899) or WA (ATCC-VR-2018). However, it may also be an effective

alternative to test the units against a suitable bacterial enterovirus for an initial assessment.
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Second, more samples of non-conventional drinking water supplies should be collected
and analyzed tor physical, chemical and microbiological parameters set in the GCDWQ.
Samples of self-hauled treated water, untreated surface water (including lakes, rivers,
dugouts), ground water (including springs and wells), environmental sources of water
(including water from snow, ice, rain, birch trees, and the muskeg), point-of-use treated
water (including point-of-use devices and point-of-use processes such as boiled water) and
bottled water sh uld be tested. These non-conventional drinking water supplies should
be sampled more than one time per year. Perhaps, a sampling program could be
implemented that would involve the collection of non-conventional samples on a quarterly
basis from the same sampling location to see if there is a seasonal trend. This would also

esiablish some baseline data on non-conventional drinking water sources in the study area.

Third, the input of Northern Alberta residents is important to the understanding of the
utilization of non-conventional drinking water supplies in the study area. More
information from these residents abeout their usage of alternative sources of drinking water
would be beneficial in a future study. This could be done by a social scientific survey of a
sample population from the studv area. One method of collecting informaticn would be
by interviewing residents from each household of three or four selected communities. The
selected communities would be chosen with the same criteria as in this thesis, although
resident acceptance and study invclvement would be a necessary criterion. The interview
questions in a study such as this should be carefully designed so that the iesults could be
analyzed statistically. The Community Health Representative would be involved in all of

the interviews of the residents in a study of this nature.

Fourth, another aspect that should be further studied is the impact that the utilization of
non-convention: - drinking water supplies has on health. To do this, a matched case-
control epidemiological study should be undertaken. Health record data would be used
to match selected “cases” of diarrhea against “controls” of respiratory tract infections, for
the selected study communities. Respiratory tract infections are suggested as a suitable

“control” disease for health impact evaluation studies that link diarrheal disease to water
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and sanitation exposure (Robinson and Heinke, 1990: Briscoe et al., 1985). Once the
appropriate number of cases and controls were established, each person’s home could be
~mly and blindly (i.e. blind to whether the individual was a case or a control) visited
and interviewed regarding their drinking water practices. The data collected could be
analyzed using Two by Two tables and odds ratios could then be calculated. In this
manner, the significance that consuming non-conventional drinking water has on acquiring

diarrhea could be established.

Finally, in the future, a community based approach to setting up water supply systems in
remote Northern Alberta communities should be implemented based on a simple model

such as the one illustrated in Figure 6-1.

Time in/-\Public

Com:munity Forums

Community
Involvement

Pubhc4'-———->Education Operation and
Health Programs,  __ , Management ‘v

Q‘ Drinking ‘) Water Supply
Water Quality ystem Design

(Chemical vs Microbial Risks)

Figure 6-1. Elements in the Maintenance of a Safe Community Drinking Water Supply in
Remote Areas in Northern Alberta

According to this figure, there are three main components involved in the maintenance of
a comm ity 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
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residents. During this time in the community, public forums should be held where
questions, concerns and ideas can be discussed. The foruins 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 for a remote area, a safe and sustainable supply of

potable water is possible.
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APPENDIX A: Characteristics of Selected Waterborne Pathogens

ORGANISM Pathogenicity Vectors Infectious Dosc Range of Potential
Symptows | Risk Groups
None | Oppor- | Direct | Water | Food | Normal Compromised
(*) | tunisiti or Sensitive
¢
BACTERIA
Acinetobacter + + + 8] N.ND 2.4 EHLVIS
specles
Aeromonas + + 9] N.ND 34567 CLE. D H.
Indrophila IC.ID IS,
S.0
Alcaligenes + + + U N, ND 2 ICUIS 1D
species
Bacillus cereus + + + =10%g ND 5 CLELIC,
food or IS.ID. O, S
waler
Campylobacter + + + | <500ctu NI 5.9(¢n  |CLiLHLIC,
Jejuni o special IS 0.8
>5000ct cases)
u
Campylobacter + + + | <SU0chu ND 5.90n | CLETLIC,
coli spectal ISCID.OCS
Cases)
Cltrobacter + + + U N.ND 3456 | CLEHIC,
freundii IS, 1D, O, S
Clostridium + + + =10ig N.ND Pigas | CLEHIC,
perfringens food or gangrene), | ISC 1D, O, S
water 2.5.6
Enterobacter + + + + 1 N.ND 34.5.6,7{CLETLIC.
acrogenes IS.ID.O.8
Interobacter + + + + ] N.ND 34567 CLELLIC,
agglomerans IS, 1. 0.8
Interobacter + + + 0] N.ND 34507 CLELIC,
cloacae IS ID.O.S
Ischerichia coli + + + 7o N.ND 2,345 [CLEILIC,
<10"ctu 6,7.8 [18,1D,0.8
by
ingestion
Flavobacterium + + + U N.ND 1.2,3.4 CLEIC.
species IS.1D.S
Hafhia alvei + + ? U N.ND 4567 CLEIC,
IS, 1D, 8
Klebsiella oxvioca + + + U N, ND 3.4.6 CL Y IC T,
IS.1D.S
Klebsiella ozonae + + + U N.ND 34,6 CLIIC, H,
IS, IS
Kiebsiella + + + 9] N.ND 3, 4,6 CL Lk IC 1T,
pneumophila IS, 1D, S8
Legionella + U N, ND 4 CLEIC, .
menmophila IS, ID. S
Legionella species + U N, ND 4 CL L IC, H,
IS, ID, S
Mveobacterium + U N, ND 4,8,9 L IC, IS,
avium- i, s
intracellulare
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ORGANISM Pathogenicity Vectors Infectious Dose Range of Potential
Svmptoms | Risk Groups
Noue | Oppor- | Direct | Water | Food | Normal | Compromised
(*) | tumsit; or Sensitive
¢
Mycobacterium + + + ) N.ND 4.8.9 EIC. IS,
chelonae 1. S
Myvecohacterium + + + v N.ND 4.8.9 EJIC, IS,
fortuitum M. S
Myeobacterium + + + U N.ND 4.8.9 EIC, IS,
gordonae ID.S
Moraxella species |+ + + t NoN™ 2 CLEILIC,
1,18
Proteus species + + + 1) N.ND 3.6.7 JIC DS S
Pasteurella + + + 9] N.ND 456 [ICIIDIIS S
alticida
Psendomonas + + + + 1 N.ND 12,3 40 (CLETLIC.
aeruginosa .67 IS.1D.O.S
Pseudomonas + + + t N.ND 12034 [CLEHIC,
cepecia 5.60.7 IS ID.OCS
Pseudomonas + + - + t HUND 1,234 | CLEHIC,
fluorescens 3.6.7 IS.ID.O.S
Salmonella + - + + 100 - N.ND 5.8un [CLEHIC.
species 1000 by special IS.ID.O.S
ingestion Cilses )
Servatia species + * - 1 N.ND L2347 CLE L IC.
IS.ID. 0.8
Shugella species + + - + 180 by N.ND 5 CLEHLIC,
ingestion IS. 1D, 0.8
Staphvlococens + + + + - i N.NDb 1,234 |CLEHLIC.
Anrens .67 ISID.O.S
Staphvlococcus + + + U N.ND 1.2 IC.IDUIS
epidermidis
Streptococens ¥ + - + U N.ND 6 ClLEALIC,
faccalis IS ID. S
Streptococens + + - + U N.ND 6 CLETLIC.
| fecim IS.ID. S
Fibrio fluvalis + U N.ND 257 CLLE.HLIC.
IS ID.S
Iithrio + 1 N.ND 2 CLETLIC,
algmolytict s IS.ID.S
Yersiniu 3 + + + U N.ND 5 ClLLEHIC,
enterocolitica D15, 8
AMOEBA
Acanthamocha ¢ + + ? U N.ND 2. 8teg. [CLILHLIC,
species meningitis) | 1D IS, S
Nacgleria fowlerii + + + ? U N.ND 8 (eg. CLELIC,
meningis) | D IS, 8
FUNG!
Aspergilins + + + + 1 N.ND 1.4.8 2 | CLE.ILIC.
| shecies ing IDIIS. S
aileraic
response)
Cephalosporium + + + U N.ND 1489 |CLELIC,
species (cg. I, IS8
allergic

LS




ORGANISM Pathogenicity Vectors | Infectious Dose Range of Potential
: Svmptoms | Ri<k Groups
None | Oppor- | Direct | Water | Food | Normal { Compromised
(*) | tunisia or Sensitive
¢
rCSponse)
{usarium species + + + 9] N.ND 1.4.8.9 |CLIE.H.IC.
(cg. ID.IS.S
allergic
response)
Penicillium + + + U N.ND 1.4.8.9 [ CLELIC,
spectes (eg. | IDJISC S
allergie
) response)
Rluzopus species + ! N.ND 1.4.8.0 {CLE I IC.
(cg. IDJIS.S
allergtc
response)
VIRUSES
Adenovirus + + U N.ND 2,408 CLEJHLIC.
7 DS S0
Coxsackie virus + o+ U N.ND 2,458 9| CLELIC.
(diabetes?) | 1D 1S, 0O
Fnterovirus + + U N.ND 2.4.5.8 |CLELLIC.
ID.IS.S. 0
Hepatius + + U MOND 5.8 CLEHIC.
INIS.S. 0
Norwalk Virus + + 1 N.ND ht CLE T IC.
1N IS.S. 0
Reovirus + + U N.ND) 4,507 CLT L IC.
3 <. .80
Rotaviras + + U N.ND 3 CLE I IC,
- 1D.1S.5.0
PROTOZOA
Crvprosporidium + + ? 1 evst [ evst 5 ClLETLIC
L 1ID.IS.S. 0
Fntamovha + + 7 I evst I evst s CLE L IC.
histolvtica B DS S O
Criardia lamblia + + 7 I evst fovst 5.9 [CLETLIC
arthritis) | 1D.1S. 5.0 |

(Adapted from Emdc ct al.. 1994)

1. * No documiented pathogenicity for normally healthy perscns

2 Risk Group Codes:
Cl Children and Infants D Immunodeficient
I Elderly IS Immumosuppressed
H Healthy S Surgery
IC [mmaunocompromised QO Other (eg, previous Hiess. pregnancy ete)
X thogeniaty Codes:
U Infectious dose tor normally healthy persons unknown.
ND Infectious dose for compromised persons not vet determined. In some eases the infections
dosc may be as low as one organism .
N Nosocomial infections documented.
4 Range of Symptoms Codes:
! Skin/Hair mfection 6. Genitourinary infection
2 Eye/lar infection 7. Wound infections
3 Bacteremia/Septecemia 8. Other tvpes of infections (meningitis)
4 Pncumonia/Respiratory Hiness 9 Chronic infection (asthma. a-thritis etc)

Gastrointestinal infection

N



Appendix B: Guidelines for Canadian Drinking Water Quality, 1993

Maximum Acceptable Concentrations

“Ma: imum 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

Total Coliforms'

0 clu/l1GmL

Turbidity”

INTU |

Radiological Parameiery’ | MA :_(qu/L)

[Tritium

Cesium-137 A .
lodin=-131_ ST
Radium-220 i
Strontiwp-t _ 10
40 000

Chemical Pavaoeters

MAC (ng/L)

aldicarb 0,009
aldrin + dicldsin 0.0007
kzinphos-methyvi 0.02
barium 1.0
bendiocarb 0.04
benzene N
benzotapyvrene 0.00001]
cadmium D005
carbaryvl 00y |
carbofuran . .09
carbon tetrachloride 0.003
chlordanc 0.007
ichlorpyrifos 0.09
chromium 0.05
Cyanide 0.2
diazinon 0.02
dicamba 012
1.2-diclorobenzcene 0.2

Chemical Parameters (con’) | MAC (mg/L)
1. 4-dichlorol.enzenc 0.005
DDT + mctabolitcs 0.03
dichioromcthan. 0.05
2.4-dichloropher . 0.9
diclofop-mcthyl 0.009
dinoscb 0.0]
diquat .07
dituron 0.15
louridc I.3
heptachlor+heptachlor epoxide 0.003
lcad' 0.01
lindanc 0.004
nalathion 0.19
Imercury 0.00]
mchoxychlor 0.9
mctribuzin 0.08
monochlorobenzene 0.08
nitrate” 45.0
mitroiotriacctic acid 04
arathion 00
cntachlorophenol 0.06
sclenium 0ol
2.3.4.0-tetrachlorophenol 01
triallice 0.23
trichlorocthvlene 0.0%
2.4.6-trichlorophenol (1.003
2.4.5-T .28
tribaioracthanes ‘ i 0.1
Urannan (1.1

" This MAC is considered m compliance if there is less than T0cf/ 100mL (and none of these are fecal
coliforms) and if no consccutive samples show the presence of total coliforms. Commuuity systems must
also not have more than onc sample per day with the presence of coliforms and cannot have coliforms
present more than 10% of the tiime. The water should be immediately resampled to confirm positive

coliform counts if: (1) the MAC is exceeded. (2) the total cotiform background prate count is greater than
200 cfu/190mL or (3) the Leterotrophic plate count is greater than 300cfu/md.
" 3 NTU is permitted if it can be shown that disinfection is not compromised.

' Radiological guidelines arc currently under revicw.
At the point of consumption.

* Equivalent to 10mg/L nitratc as nitrogen,

N
N




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.

iICher " Parameters IMAC (mg/L) ‘hemical Parameters (con’t) | IMAC (mg/L)
arsenic 0.025 «ictolachlor 0.05

trazine 0.06 araquat (.01
boron 5.0 horatc 0.002
bromoxynil 0.005 icloram 0.19
cyvanazine 0.01] simazinc 0.01
1.2-dichlorocthane 0.005 tcmephios 0.28
2.4-D 0.1 terburos 0.001
dimcthoatc 0.02 trifluralin 0.045
elvphosate 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 <5 TCU cthvlbenzenc <0.0024
odour inoffensive iron <0).3
pH 6.5-8.5 units mangancsc <005
taste inoffensive monochlorobenzenc * <0.03
lcmperature 15°C pcntachlorophenol * <0.03
total dissolved solids (TDS) | <500 mg/L sodium <200
turbidity' <5NTU ulphate <500

_ sulphide (as H.S) <0.05
Chemical Parameters AOQ(mg/L) 2.3.4.6-tctrachlorophenol * <0.001
ichloridc <250 toiucnc <0.024
copper’ <1.0 2.4.6-trichlorophcnol * <0).002
I.2-dichlorobenzenc * <0.003 2.4.5-T * <0.02
1.4-dichlorobenzcene * <0.001 total xylencs <0.3
D.4-dichlorophenol * <0.0003 zinc' <5.0

' At the point of consumption




APPENDIX C: Equipment and Supply Lists for Field Trips

Water Sampling Supplies for Field Trips

EQUIPMENT NOTES QUAN.ITY | PACKED
Coolcers Transport. scnding samplcs back as required +2
Ice Packs For scniding samples back x 16
Packing, Tape 2
I L Nalgene Bottles Collecting Sample - 15 samples 43
(2 for sending back. | for ficld
analysis) B
500 ml Nalgene Collection | 1 for Metals and | for Phys-Chem 30
Bottlcs Samples
| glass pipettes and bulb | For Mctals Acid 13
Nitric Acid | Acidifving Mctals Sample 1 _
Little colored glass vials THM Analvsis 15 .
Tcflon caps for vials Scaling THM vials 15
I L Coloured glass Bottles | THM Potential {5 ]

Labclling Tape

Marking Pens

Camcra and film

iLab Book

Waterproof pen

Interview Questions

Maps of Area

High Level. John D'Or Prairic.
Fox Lake

Map of Alberta
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Physical-Chemical Analytical Supplies

EQUIPMENT NOTES QUANTITY | PACKED
Hach Spcctrophotometer and ; Conductivity. Colour. Nitratc. ]
Elcctirical Cord and Batterics Ammonia. Chlorine
Turbidimcter Charge Battcry !

H Mcter Chargc Batterv ]
CHEMICALS: Prairic Chem |
Nitraver 5 and card 1 pkg
Free and Combined Chlorine 1 pkg
Ammonia powder pillows vellow and white | pkg of cach
GLASSWARE:
small pH bcakers 5
Ammonia graduated cyvlinders 3
Odour Beaker and cap 1
Caps for Ammonia beakers 5
DI Water 4L for 8 samplcs 8
DI Watcr Dispenscr IL kind !
Fingernail Clippers |
Scissors and Swiss Armyv Knife |
Thermometer Digital and Regular 2
Stopwatch |
Kim Wipcs | box ]

Paper Towcls

Instruction Manuals

Spectrophotometer.
Turbidimeter. pH Meter.
rclevant Standard Mcthods
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Microbial Analysis Supglics

Peptone Water

2davs .. 2 boitles

EQUIPMENT NOTES QUANTITY | PACKED
Incubators 2 for 35°C and | for 44.5°C 3
Thermomicters Aquarium thermomcters 3
Filteriing pump !
Filterinig tubing . 3
Filtering Flasks 2
Extension Cord (1 for Hach. 1 for filter. 1 for 3

ncubators if doing ficld microbial

analyvsis)
Pre-sterthized filters g or 15
Black filter papers HPC | box
Whitc filter papers All others except HPC 1 box
Flame |
Ethanol |
Forceps and small beaker 1
Matches 2 pkg
Sterile Peptone Wash Bottles | 2 davs . 2 flasks 2

3

Stenle Pipettes

72 + ¥ imitial pipettes

I pkg 200

Papette Bulb 2
Stenile Graduated Cyvlhinders ¥ samples + 2 extra 10or 17
Plastic Bags For Plate disposal and for storing 10
the Yeasts and Molds at room
temperature for 1 week.
Magnifving Glass/Microscope | T count colonies |
Counter |
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Preparation of Microbiological Plates and Dilution Blanks

(Example for 8 water samples)

Parameter | Media r Incubation | Necessary for: I Quantity | Packed |
. Plate Preparation
TC mEndo 35°C. 24hr 2*3 plates*8 samples 48
(25mL and 100mL dilution)
FC mFC 44.5°C, 24hr | 3 platcs * 8 samples 24
[ (100 mL dilution)
i mE 35°C. 48hr 3 plates * 8 samplcs 24
(100 mL dilution)
HPC R:A 35°C. 48hr & | 2*3 plates * 8 samplcs 36
20°C. 7days | {0.5mL and | mL dilution)
’ + § for blanks
Fungi Rosc 20°C. 7days | 2*3 platcs * 8 samples 48
Bengal (0.1mL and 0.5mL dilution)
Yecast Sabouran | 20°C. 7days | 2*3 plates * § samplcs 48
Dextros (0.1mL and 0.5 mL dilution) !
___Dilution and Rinse Water Preparation
90 m} Pcptone Initial dilution 10
blanks Watcr
30 ml Peptonc Just for HPC and Fungi 72
blanks Watr 6*8 - 3*8=72
Rinsc Peptone I 7o ninsc the sides of the 4 botics
Water Watcr t tilter flask to cnsure all
microbes washed onio the
filter.
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APPENDIX D: STATISTICAL ANALYSIS

Turbidity Data

OF PORTABLE

FILTER DATA

tL
Lurbadity Fevel Influent Fitlient
Water Iilter # Plastic Carbon Ceramie
NIt | 1 98 1 24 037
NTU 2 1 (v | 37 | 38
NTU R | 73 122 (r X
NI
Average RRIR{]] | 7% 128 04
Std Dev IRES 00N 041
Purlidin Keduction Fluent
Filter # Ilastic Curbon Ceramie
Y Removal 1 W3 03 6 2N Y8 Iy
"o Removil 2 BRNTRS VAR U} Y3 K
20 Removal 3 Y4 80 Y6 34 0T 42
Average Y4 0l Gt 7 9T 1Y
Std ey 023 024 f 23
Anova [wo-tactop Without Rephication
NN onnt N Average Vuriance
I 3 2R8 GNGIRG T un 20620621 1 IRSKeT MY
2 R T IT 3 F VA TR TP TR B VIR B R RS R ]
3 INKCRANSING oo INGISeTY ) TR e
Plastic 3 RERRYRRUE R Ui b et dend 1TORANL Y
[QNTITT 3 INN UNIURS vty lonlan] T O SYRTGSTY
eridnn 3 201 S snda WTIRTIS Y 1 31843633y
ANOVA
Neaterce of Dasnation SN dr VIS & 1" value Foern
o s [EERT S YAV TR N oY 2320041 O pRan2igT N 2T0208
Columns 22030240 2 T e AT GRRD TGS CRI2TR208
| iron ETVTR Y| | DTRTRRTA
Lotud 13 33920400 S
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Turbidity Data

I crn

4L
Turbadity Leved Influent 1 uent
Water Filter # Plastic Carbon Ceranie
NTU 1 193 1.94 0 50
NTU 2 1.06 1 96 038
NTU 3 Tou 1.74 (U
NTY
Average 30 30 176 1 K8 1 &4
Std Dev AN 012 (0
Turbidity Reduction FMuent
Falter 4 Plustic Carbon Ceranie
% Removal I 93 63 93 60 Y8k 35
5 Removal 2 9432 PRI ux 0y
Yo Removal 3 94,42 99 26 9% 1R
Avernge LARE) V3 RO 98 21
St Lev 049 {40 ()3
Anovi: Two-Factor Without Rephication
SUNMARY Count Sum Average | arance
| ki 285 5775378 0S U251925 74007827
2 3 286 FIROI3Y 093 37053795 5 73790503
3 ki 286 ROAGROS 9362130210 9IS YRS
Plastic 3 2825742374 w3 199l 0 23KS3K705
Carbon 3 287 3801380 93 TOIT0SY 0 16]204230
Ceramie 3 204 020402 YR 20682008 GO17790338
ANOVA
Source of Variation SS df AN I I’ value
Rows () 277629323 2 O J3KRIITO2 0 9untm205d 0 4d50ikn2 ]
Columns 35 709K 2 17 RTOISI93 12K 2330083 1 (00233R3X
Frios () 337437482 ) 0 13935937
Total 30 370617687 X

6 934270203

6941270203
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All Turbidity Data

6L
Turbidhity Tevel Intluent I iluent
Water Falter # Plastic Cirbon Ceramic
N1U | 2420 300 030
N1 2 ERL 310 040
NTU 3 KR 30 0 3
NTU
Average 3) 30 ER 107 00
Std Dey U 3R U o lo
Lurbidity Reduction I uemt
Filter # Pladie Carbon Ceramic
“u Removal ! Se 1 FARIU Yol
"y Removal 2 8- sy 77 OR 0K
74 Removal 3 hE OB w8 13
Average K702 N9 KN 48 6%
Std Dev |23 B 1Al
Anova wo-Factor Withent Repheation
AURYAYARTIS ount Num v erge Lartance
1 B 2TI2ITRNN 9] e T2 13435097082
2 3 2Tyt IR U UN 39 0] n"aag
b 3 AT TR NN AR BUASE YN AN AT
Plastic 3 20t oseindn RTERTHINT A 212227
{ibon 3 ATURIE I T N XTRUN T DI 0
Uetamn 3 MYTRERSNEN GN GTURGTE o TONY2 TR
ANOVA
Nomree of arnatiom N dr A I3 I value Foorit
Rows [ESTARIRETIR R N o 2RAIINNDN RN [ERRS RIRNTES o 427602038
Coluinns RASIEISAIARS By z T (T AN oo nTIA noadg2TR20s
Frror 2 UOASNONNT ! TR
Fotad 22N oR2gngl N

3
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All Turbidity Data

8L
Turbidhity Level Intluent EfMuent
Water Filter # Plastic Curbon Ceramic
N1t 254 1 2.59 .84 0 3t
NTU 257 2 272 214 423
NTU 203 3 282 | YR 0 1o
NTU 20.3
Average 2593 271 1.99 023
Std Dev 043 012 013 008
Turbidity Reduction iMuent
Iilter # Plastic Cuarbon Ceranne
"5 Removal 1 90,01 Y2 Y Y8 Su
%% Removal 2 Ry 3] RIEEN Yo il
Yo Removal 3 8912 92 30 Yy 38
Average 8Y 35 92 34 99 10
Std Dev 044 [ 02y
Anovi Pwo-Factor Without Replication
L SUMMARY Count Sum verage i uriance
I 3 2817104899 930049602 2008059216
2 ki U T B B R R (A R AR
K} 3 280 BOTRSR T DYO2202938 2750 gl
Plastic K 208 JUINRO KU AINTOYSI G AREANR
Carbon 3 277THOOUTS 92 33686917 1) 333264703
Cennie 3 297 2999036 9u OY996TRG O USRI
ANOVA
Source of Variation 5S f RYAY ) P value I crit
Rows O 310467074 2 INIDIRERTY 067239827 O S6009100Y 6 94276265
Colunns 144 7877381 2 T2 30IKU06 M3ISUOS0Y 01 P08 6l T6S
brror 0230390 ] 4 0 23086044
Total 146 0216912 s
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Turbidity Data

100
turbidsty {evel Influent I uent
Water Falter # Plastic Carban Ceramie
N1t 254 ) RED 244 042
NTT! 237 2 303 173 20
NTU 2603 3 277 20t i) 3%
N1 263
Average 2393 2 8Y 2 U TS
Std Dev {EN K IRIE 008
lurbidits Reducnion | Muent
Pilter # Plustic Carbon Ceramic
" Removal ! KR u? [ UK 3N
"o Removal 2 ¥R 3] vl 33 G
Yo Removal 3 R 32 R AN
Average 8887 AN Y8 6X
Std ey [TV 138 R3]
Anova Iwo-bactor Withowt Repheation
AYIRVAVATIS] Conent N ADverage Iioertan.
! A 27T ORGS0 w2 adgR e 23 3jagt T
2 3 IRDOIOASTR R SGAIRATT O 2K 3700y
3 3 DNGDI2ER R sy 22 TSNS
Plistie R NIRRT VI SN N3l TR TR
Carbon 3 2T 200N EARRL S TNTRS KPR HIZ
Cerane . 3 AT AR TS| AN TRG6000 TIPS
ANOV .
Nanrec of Partation SN Jr VIS F I valne oot
Rows HETTARREIFRIN 2 EERTARITERE [PRYIRTRVINTIY T4 R RN
Cohunns P30 287 RS N TSOI2NAGN2T S S ]2 AR ISR Re) IS BRI
Freon o283 } TTTAR A
| otal ¢33 TTR200N N
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Al Turbidity Data

201
Turbidity Level Influent Eflluent
Water Filter # Plastic Carbon Ceranmie
NTU 30.1 ] 271 3.3 ) 30
NiU 3.3 2 4.20 344 044
NTU R 3 373 260 078
NTU 31.8
Average 31.08 355 312 (.50
Std Dev 0.9] 076 043 01
Turbidity Reduction F-(uent
Falter # Hastic Carbon Ceran:.
% Removal i 91.28 84y 335 9852
%% Removal 2 86 48 R8 93 Y8 3R
% Removal 3 87.93 Y1 63 97 49
Average 88,57 89 47 Y8.20)
Std Dev 2.46 | 46 6l
Arova Iw -Factor Without Replication
SUMMARY Count Sum verage Furiunce
! 2 2741472 93 0% 2338
2 ki 2739984 Y133 4093
3 3 2770355 PRIKH 2322
Plastic 3 263 6939 K8 87 (XIS
Carbon 3 2699118 Ry 97 21
Ceranne 3 294 3937 9% 20 0 38
ANOVA
Sowrce of Varation 5SS df RVAY 13 P value I erit
Rows 44701926 2 2235096319 0 708773466 0 3IS1¥2T 6 9927027
Colunns 162 45198 2 BI2P3098916 25 73704873 Q06319132 6 40427627
V- ror 12 G13883 4 3153470645
Total 179 53603 8
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Average Particle Data

1 to 2 microns (bacteria range)

1L
Particle Count Influent 1. uent
Wauier Filter # Plastic Carbon Ceramic
particles/ml, | 1032 uZ82 23638
particles/mi. 2 34720 JR3S ] 359K
purticles/ml. 3 RIERE 40138 2990
articles/mi.
Average 1216162 IRUST 41423 14077
Std Dev 1511 Tuntl ZY83 Jodins
Puarticle Reduction Fucnt
Palter # Plastic Carbon Ceramie
" Renoval | 93 KO un 77 S 6
%o Removal 2 PR b 3] UR T
*u Removal B Y7 44 9ty M} IR
Averige CIY] Yts 39 98 R4
Std Dev 87 [T 0N
Anova Two-bactor Withowt Replication
SUANLARY ounl N Mverage Lartance
1 R 2900301379 9n 8TeT Y2 1 27nannagR2
2 ? 292 1TRuRAY 97 39 g2 1 unaly
N 3 29IKWIN2TY W7 O 27N ARV RN
Plastic 3 A TR UIFEE T e TunT2ous "l INUGYN
Carbon N ING TN RSy e SO T 0T Do )ie "
Ceratite 3 JO6STHIS ONNIIRTIY 0 TRT9SETRY
ANOVA
Nowree of Varation AN ! VIS i Pyvalue Iocru
Row | IR GARTRONOGE Y anTona s 0 ISR wdd2Te06s

Coltinns
Yrior

1 otal

IS TR VYIRS

] 33 fansing

£ 3NUGR T

PERTERISEN

CCRRTGN D

PR adeThs g

alsTg

i

DOdd2Teles

167




di

Avevage Particle Date

1 to 2 microps (bacteria range)

+L
Particle Coumt Infuent E N Tnend
Water Filter # Plasiic Corbei, | Ceramic__|
particies/ml 1 42702 44704 7797
articles/ml. 2 33740 43230 Yis
particlesinl, 3 29763 Z9653 393
particles/ml.
Averuge 1264985 SEAL 39860 2033
Std Dev 14882 BRIN 8848 413
Particle Reduection Eluent
Fiiter # b sistic Carbon Ceranc
%o Removal ! Yo 62 96 47 99 3¢
% Removal 2 9733 96,42 Y9l
%% Removil 3 96 80 T 9T60 e Y7
Average 96 94 96 83 99 70
Std Dev 036 (70 V033
—
Ane o Two-Factor Without Rephcation
SUNALIRY enint Sum Averug: Varemce
l 3 292 4732022 TA906T 2 2TTHSG
2 3 RURNILSSRER] 07 B4R 144 330N A
3 3 204 4811221 YR 16037305 RETY S AT R
Plastic 3 290 8130713 Y6 93TauME 0 3023588
Curbon 3 201) 343374} YO BARSIITE 08 2630TS
(eI 3 294 380122 99. 76004000 O HOHO6G00T 3
ANOVA
Source of Variation S8 df S I I’ vaiue b
Rows 0.68150449660 2 30782483 1708132605 2B TI0493 6 270203
Columns [IOE NIRRT 2 §ODR26R07 ERER QUL UG03R 6 4270268
}rror 0 77URO0OTE 4 0] :270en"
Total 17 9029078 8
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Average Particle Data

1 to 2 microns (bacteria range)

6L

ar o Peeele Count Intluent i luent
Water Fater 4 Plastic Carhon Ceramic
T [ ECER o T
2 151296 MERTIYS N
: - 3 131628 3222 N
1
. 710% 143762 AL 1622
) EE] finto D) 123
by Particle Kedue I illuen
Filter & F'lasin Carbon Ceramic
4 Removal ] 8718 AR L
"y Kemoval 2 Nl ) o
Yu Retaoval 3 TR e ! 5,
Average . X7 A% A (AN { Yo i
Set ey IEN i3 |
i Anova Pye-bactor Without Rephaation
r NOAN NG «ont Sum Average Foriance
: : 3 TLInuTonn] o wd n2ttE ATR2U22232
2 3 2 e boRTINY D g3 oKl TR
B 3 2 30t
Plastic 3 XT AT TR foNgnTERAT
Carhon 3 N [ANVAUIRTRIN ERE KIS
Ceranmie 3 AR O R R LN ol
.-
ANOYA
Nowrce of Varnatton AN Wt \I.\".u ! Pvalue I U;I‘:‘-‘
o TR K BN e B T B I P TP R R L VA
Colun 237 A N PiaT o RO [ES IR ENTAS o addl oS
[ eror e . FERATS Rt Y
ol RRIEEES IRl X
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<)

Average Particle Duta

1 to Z microns (bacteria range)

8L
Particle Count Inuent ( Eflluent
Water Falter # Plastic Carbon Ceramic
varticles/ml 1 89533 2142 163
harticles/ml. 2 106267 ity 173
particles/ml. 3 119278 187849 6492
particles/ml.
Averag: 133074 105626 23074 144
Std Dev 1 73857 14412 5005 W
Particle Reduction - MMuent
Falter # Pl Carbon Cerame
%u Removal 1 9130 v7 77 Yt yK
%4 Removal 2 §a 4727 99 98
% Removal 3 8n 6" YR 22 9y u3
o Ot yy T
Avarage W 7
Std Dev ’ 48 003
Atiova Two-Factor Without Rexphication,
: SEANLARY ot Sum verage Lariance
1 3 289 2302175 en 18T 0y 19 3K1Y7KL
: K 2RT PIA26GT 95 TIO042224 27 167K
? 2an ¥R U OLTRIN 30 RO3In03Yy
Plastic 3 2700801 74K Y0 02672492 2S99
Carbon 3 203 255K34] YT TIIOHLT 0 223KUKSTY
Ceramic 2 2909019125 99 96TIMER 000818208
ANOVA
Newree of Variation S8 df {¥A) I I value I ot
Row., 1139102813 p BSTOSS407 0 TOIRE020 5 SARONYSKD 6 941270205
Columms 163 3019344 2 SE70007700 0 9N 0 el 0 GUEYNG 6 94427T600s
Firor 3304430734 4 O R26107
Total 1T ROAIETY s
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by

Average Particle Dat::

I to 2 micinns (ba. . ia range)

10L
—
Particle Count Iniluent I luent
Water Filter # l’iu.\'m_ R T . Curber Cerame
particlesml. i IR 18
particles/ml :—— 2 _TORE Kot
particles/m! 3 823} X 21282 ot
particles/ml. —T_
Average 10533967 ESKIN RUARS HRY
Std Dey H 1536724 LRINS 977 184
Pa ticde Rediction Filluent
[lter # Plastic Carbon Ceranne
4 Removid | 4yl 7l o 17 9y 93
vy Removal 2 YIS Y7 43 Y92
70 Removil 3 by 9T YN UK
Average 9i 3 ] R
St ey Il Ul [TRDN
Aunova Dol actor Withowt Replication
NOVINIRY onnt N Iverin ,
1 3 ANT XA R i e ]
N 3 B A A A I L SN AT}
g : 200 IDATITY e THDAETS e 2kosnTaT
Plastic T AT AOALIRTILN et
Carthon s 2 SNl PR RS R T | GORta 25N
Centhn 3 QauRtehafna e V4T 20 RN EIERYRII R
SNOV
e ol Lyt o~ 1 VIS B TR - ert
B s [RONERNE : SIROTIRAT R CRSTTY 6ok tens
S Pho TS : SRR Tl Lies CnIR2UNG AT NS
PR HEUREINTES R ! IR SN
KUY PRI OND N
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C}

Average Particle Data

I to 2 microns (bacteria range)

20L
Particle Count Influent i Tuent
Watcr Ialter # Plastic Carbxn Ceranue
particles/ml. 1 62963 36339 Y3
particles/ml. 2 115472 Juezo 140
paarhicles/ing 3 143967 20080 172
particles/ml.
Average 1142509 107407 32013 133
std Dev 128167 410917 10404 JU
Particle Reduetr. Filluen
Filter # Plastic Carbon Ceranne
%% Removal ! 94 4y G0 82 949 9y
" Removal 2 Ky Ry Yo 33 wy gy
Yo Removal 3 87 40 Y8 24 Y 9y
Average Y sy Y7 24 Yy 9y
Std Dev 306 0.92 000
Anova: Two-Factor Wathout Replication
- SUNALARY Count Sum Average Furianee
! I 3 93002092 07 TR 702931007
{ 2 3 RO4130R16 95 aTHITIO 20 312 ans
E 3 3 2836264157 93 2aRR6S0T 1 SORASKN
Plsne 3 R A S N R VAT 1293825300
Carbon 3 20 20036 s 9R00TIN 0 XINT9G 79
Cermin 3 299 9643079 YU URKIGU3T 1 3240SE 03
! ANOVA
Seaerce of Vartation SY Jf ALY I I eilue I erit
Rows 6 299562985 2 3I4UTRINYY 08920406187 [ERERER RN 4270205
Columns 1396562377 2 (9 82K IRK S P 14500005X TR R D) G 941270263
frror 21 24850141 B} 33120140383
Total 167 2043621 X
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Average Particle Data

4 to S microns (Criprosporidium range)

1L
a1 Particle Tos Influent 1ot
Water Filter # Plastic Cabon Ceramic
varticles/iml. 10 730 3 WIS 2575
paslicles/ml. 24 2607 7423 2087
particlevm! T 3w 1403 3.0 7 63
varticles/ml.
Averiage 770350 IKK K nadd 173 5
Std Py 173 327 Ry v fon 5
by Particle Reduction I tHuent 3
Falter # Pla: e Carbon Ceranag
"o Removal ! Yyu ) RS oy 67
"4 Removal 2 WY 6F 949 Yy TR
Yo Removal 3 DR ay 27 99923
Average ua S0 vy 13 9o -
Std Dev 2 12 0s
e Anesa Dweslac r Withonr Replication
AURVAVATIS] ot St herage I arianee
| 3 R R N S T e
N 3 SUN 23T g TANSD (I RARIAS I
3 N er T S an TS a0l 12T 20N
Plasti PRe auasgiaan ISR
Cathan N 2T AN I TR RN
ULl 3 2o B e IR TE RSN
ANOV A
Semree of Lariatiom N X | I8 due oo
Rons [T N NSy 2 RUSNOS S RN [RRERE R
[SGIIHE PAN TR0 N IR SRRV T T 07Ky o372 eoadd 2208
Frror (IR ALY S TNSARST
{otal [T AR R I ~




i)

b

Average Particle Data

4 to S microns (Cryptosporidium range)

4L
Particie Count IntTuent - lTuent
Water Filter 8 Plastic Carbon Ceriamic
harticles/ml, 1.0 2243 879.7 204 5
particles/ml 240 1325 ST 4 17.3
pasticles/ml. 30 4373 4171 129
particles/m!
Average TH394 2647 025 0 783
Std Dev 202 1564 234 109 4
Particte Reduction [BIOEN
Iiiter ¥ Plastic Cuarbon Ceramie
% Retiy, - [ 9971 0% 84 97
% Removal 2 49 83 94 24 PR
"% Removal 3 949 43 DR A
Average 0y 63 I [FIT] :
Std Dev 20 U - ok
Anovae Two-Facter Withont Repheatio
SCY R Count N veruge Farunce
3 U8 IRTURS ! Y9 4202940 1, 28298135 %
2 3 209 (447238 RUATHE IROATH 0151347043
A 2 YR RO 94 (2] 802 0 GURI2 496
Plastic 3 KGNS VU OISR G OHIRYSHT0
Carbon 3 297 3133080 ISELOZKT  aw433224]
Cueramic 3 299 G02T0T8 G 8OTANLT G O204979d5
ANOVA
Sowrce of Varation AN df AEAY I I value o
Rows G 10444503 2 8] 415522:"71‘ 0 49269671 Odd6008ET 6 R2T6208
Colunns 0 796044333 2 DRAKM22167 T oloO2d83T7 G Od 0SR20 6 R T60S
Lrror 0209004524 4 GOIZ2NTLAS
fotal 1 109534859 8
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Average Particle Data

4 to S microns (Cryptosporidium range)

6L
Farticle Count TN I Ltflucnt
Water Palter # Plastic Carbon Ceranic
particles/l. 10 FES 3559 a5
particles/ml. 20 208 2y FEN)
particles/ml 30 1641 7 33K 0 R
particles/ml.
Average TA03K “ha 2 TURT gy 3
St Dy 17301 ERIE 0 27
Particle Reduction F1Huent
Falter # Plastic Curbon Cerumie
vy Renoval ! 9] Yy 32 yuy”
“a Removad 2 PIRE O 68 uy g
Yy Removal 3 Y7 R RS T
Avcrage YR YN i 87 gl
st ey 103 a7 i
Anova Twe-Factor Wathont Repheation
AURYAVAT S Connt Nteen Average Vartan v
3 2UN TRy QURTRR ATV IV TR SN ISR AN
2 B PR IR YRVE e TR IETARTIETUATS
3 3 EERFIERY U NG IROAD IR ENTE
[RRNITE 3 RS O STHOULER 1 b 32030
Cuarbug 3 N a2 N ST ARETREXAIUAIN
Cerani, 3 v EERIIHRITE VISR RTRE I
TNOVA
Sowrce s | arnation AN ot \VAY I3 D' value Pt
3 Rows INIERTCVANEN N s TR IEYTIA RV O 3TN foadd 270208
Coluins IRESAARERN N PO T2 20 2 asgaSedT 0 23T [ORER B T ITES
| 1o I S ITRTIR i KRS EIRITRY
lota AR ANTEL N
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by

9]

Average Particle Data

4 to S microns (Cryptosporidium range)

8L
Particle Count IntTuent Eluent
Water Filter # Plastic Carbon Ceramie
particles/ml. Lo 252.0 2203 S.o
articles/ml. 2.0 3001 197 1 3
particles/ml. 30 2243 1171 114
particles/ml.
Average 778:2 258.9 180.2 74
Std Dev 15163 38.2 6.5 35
Particle Reduction Efluent
Filter # Plastic Carbon Ceramic
Yo Removal 1 Y (7 99 71 Y9 9y
Yo Removal 2 Y9 6l Yo 75 9y 4y
% Removal 3 9y 7| 949 85 vy Yy
Average 99.67 90.77 99 94
Std Dev 0 0s 047 0.00
Anova Two-Factor Without Replication
SUABLARY Count Sumt ___Averige Lartanee
I 3 299375601 09 79186728 0 (3053507
2 3 299 3520358 Y9 7RIS 1Y2 003731237
3 3 200 8444779 99 RIRTIV2Y 0 01RR9043T
Plastic 3 208 YYROHTE 99 GO6DTSRY 0002132
Curbon 3 299 3026220 99 TOTM0%0 00331070
Ceramie 3 209 9714455 99 99048182 2 (lh(\Sl'-h_\:.—J
ANOVA
Sonrce of Variation 5Y df AN I I’ value I crut
Rows 0 (07345383 2 G 003672691 I TOLE778I8 (0 2782349K. 0 94270205
Columnns 0 To3288 194 2 FUB2644097 QO 32478 Q02212 6 93270205
Error S NR20030:] 4 000205004
Fotal 0 1808339 3IX R
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[\

sorage Particle Data 4 to S microns (Criptosporidi: - - 4nge)
0L ‘
coertcte Count Influent HT ] ’
Wiiter Filter # Plastic {arbon Ceramie
{articles/mlb 10 2303 2815 202
particles/ml. 20 1827 2769 32
it eles/ml. 30 44405 100 1 293
particles/ml.
Average 77532 X7 K 2225 2806
38 Dev T0R-4o) 3% 3 T <1
Particle Reduction Iuent
Filter # Plasiic Carbon Ceramie
24 Removal j g T 49 63 Y 4z
"o Removal 2 3y Tt eed PRV
“n Retoval 3 Y9 43 Yy N B
Average YUY 63 o4y 7 YV
Std Dev TR 113 Gl
Anova Fwo-lactor Withowt Kepheation
SUAVIVLE) ount NI verage Parance

| 1 204 302287 99 TNT22 GOIIGRI2Y
N 3 200 303TNR 1ETROTONIN a2 ddnd 2ol
3 3 Do 28200 VIR TR T ISRTE S BT AS
Plastie 3 2ON NN DY 6INT Ny LIN23RSY
« arthon N 2uups g TugyTS YRR Y
Cernm 3 2US XS e S ani]Rnty davd]d
P ..
e
ANOVA
Seeree of L arnation A% di \IN I i value I ern
Rows TRIE AT AT N IRRITNRITINYE (P [ERTRIRIERITARI IR R (RN T TEN
Columns NS EO22 2 TR T el COTEISUZOR g 2Te2ns
I amsTo | 4 BEIARNRTIN
Total 1 2TU2R 0N N

"1 a
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a)

b}

'« >oracie Data

4 to S microns (Cryptosporidium vane)

I crit

20L
Particle Cc t Inthient FMuent
Water Flter # Plastic Carbon Cerimic
articles/ml. IO 1847 2899 22
particles/ml. 2.0 AR 3401 0 R
particles/ml. 3.0 21y 923 3.0
articles/ml.
Averane 76811 238 3 240 8 12
Std ey 12114 303 1310 MR
b erticle Reduction IitTaent
Filter # Plastic Carbon Ceramie
Y Removal 1 99 7 RN 100.00)
% Removal 2 99 63 IR Yy 4y
% Removal 3 Y 04 00 KN 100.00)
Average 499 4 Yi oy 9y 99
Std Dev 007 vty L]
Anova: Two-Factor Without Replication
SCAALIRY Count Sum verage Varnce 3
] 3 2993792239 99 7906 003330}
2 3 200 1781234 99 T264112 0 D OSdMI4 |
3 3 2095350205 WU RSIATISE 00284 eia )
Plastic 3 299008077 9y 68069263 0 0udL.T T i
Carbon 3 20903956, YO OR6S2IS0 0 02LOERIY
Ceramic 3 209 0837202 9y 1dSTSAL 94230200
ANOVA
Souce of Faviation SS df AYAY I 1" value
‘ Kows (023710937 2 OOLIRIZJOY 1 10160037) O 41SRO3004
Columne 0 187860730 2 GOYIY30368 K T27932292 (1)RPTSERAD
Frror 0043048103 4 B OTOT6H20:4]
Total 0 2346019539 8

69270208
644270265
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Average Particle Data

5 to 10 microns (Giardia vange)

1L

Parngle Count Influent Fluent
Water Falter # Plastic Carbon Ceramie
particies/ml, ! hRIGIN 38y 2 189 4
purticles/nd 2 1802 3801 1442
drbicles/ml. 3 1224 32X 8 e
asticles/ml,
Average [N 20N ] 356 1214
Std Dev 833 247" 23y 818
Particie Reduction Eitluent
Falter # Plastic arbon Ceramie
4 Kemoval 1 LARR] YU 4o Yy 7]
“u Removal 2 IE) TEE VEEY
% Removal 3 Uy 82 DY 30 PN
Averige a0 Gy o QR
Std Dy TR td P2
Anova fwosdactor Without fephication
SEAN G onnt Nurm herage [ e
} 3 TR SRITR B TR EN NN TS Goaan aunTng
2 3 2UN IISONSY Gy adnl 2ol [ERTE TS lakd
N \ 20 2T L N TAN NN taR 03
Plastic 3 JONGTITISTT O ag SINSNR0L et a3
Carbop 3 20N AR NI PR R [ERETH R AN TR
[S RN 3 A AR S NTT2TOSN SO IRALNG
ANOVA
Nowrce of Vartanon NS ! IZA) & I value Foort ]
R D IRTO0N B CROMANTGE 2 deRT G203 T0 ol tenns
[SEHITIN [IEVR Y Y] 2 eI 2RTIG 2 NONSS e RGP o oudd 270208
frron dELNT T R0 4 RTINS
lotad DS IS0G RN S
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i)

b)

Ny

Average Particle Data

S to 10 microns (Giardia range)

4L
Particle Count Influent I uent
Water Filte, @ Plastic Carbon Ceramie
particles/inl. | 1o 2 3594 109 0
particles/ml 2 113.0 330 R 19 0
particlex/ml. 3 398.6 2324 14.4)
particle-/mi.
Average 63501 2003 3772 475
Std Dev 1063 163 4 166 7 S33
Particle Reduction 1-Nuent
Filter # Plastic Carbon Cermme
Yo Removal 1 PN Gu 13 Y K3
?o Removal 2 Y983 94 48 Ya 7
Y Removal 499 .39 9963 49 Yy
Average 99 68 9 42 Yo 93
Std Dev T 023 023 008
Anovar Pwo-Factor Without kephication
SUAMARY Count Sum Average | urnance

i 3 298 TURTI® Y9 399NTSLg (1 133R3IT2]

2 3 299 270811 99 TIVE2KOGY 0 H63EKD00Y

3 3 25 DTO2IRS Y9 6TTIRS 0 08356303

Plastic 3 299 0378939 9 06TY29T90 D UAL9I2SK
Carbon 3 08 2740273 9o 2467570 G Gndnii7eR
e 3 U9 TRISUGL 99 02TSHILE 0 006609 TS

L NOVA

Source of ariation SN df AS I I value I ent
Rows 0 03R63I747R 2 GEHY3ERTIY 633041127 D7WRKI2TS G TR0
Calumns 0379273054 2 QIRUO3OK2T 33372832 o LITOuY 6 Q270008
Frror 0227067351 4 0056918377
Total 0 OIS3RI0L2 Q
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b

[N

Average Particle Data

5 to 10 microns (Ciardia range)

6L

Partich. Count Influent i Muent
Watcer Filter 4 Plastic Carbon Ceramn
particles/mi i TR RREED) R
particles/mi 2 IRIN! 1456 M7
particlesimd 3 “on 3 1733 846
particles/mi
Averiage 1358 31t ] IS0~ 23
Std Dev 1243558 130 32 293
Particle Reduction et
Filter # Plastic Carbon Ceramin
Yo Removid ! Yy 32 PRXS G
7w Revtoval 2 Yl ava Yy Th Yy i
© Remaoval i R ¥ 7l i T2 Uu K
Average g 33 w7y VIRV
-.\‘h! pQS [FRID O AN
Anove U so-Factor Wath
NRTATAIR R S herage Lartance,
1 R B R T R (R 1) TN VAR VIR

2 Do dedT0R SuN20RTIRG e NRTRR T
3 2uX INTORG NI TR fdonss Ty
NN B OGP RS g 3IITRGYY g 3T
Carbey 3 2 L JUINKS R T ERYR DA gRaN
Cetann 2 o RN i Siaiag LoI2aNDT
ANOVA
Sotrce of arialon AN Y VAN I8 I value bl
Fows (ISR R 2 NSRRI FER AR CATONN rondd 2T 0 l
Columns IR T > AR TIR AN RTINS BT INITTE D 2T S
Faror [EERIVES 8 RL N 4 KIRREA T
lotai 1 iS38de ™ N
>
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i)

b

o

Average Particle Data

S to 10 microns {Giardiu range)

I ot

8i.
Particle Coum Influent Fifluent
Waer I ilter # Plastic Carbon Cueramie
particles/ml. | 162~ 1190 3y
particles/ml 2 306 3K J4
particles/ml. 3 170 4 S22 104
particles/mi.
Averaue 67414 2013 Y19 62
Std Dev 13884 T7E 352 36
Particle Reduction It uent
Filter # Plastic Carbon Ceramic
"o Removal 1 9 70 0y K2 [ERT]
Y Removal 2 qY 38 IV RRHY)
"o Rennal 3 KRN Y2 Yy uk
Averige EREN] 94 80 QU
Std Dev 011 BXIN Gl
Anova [wo-Factor Withont Repheation
SEAINLIR) (ot Num fverage L urtance
3 299 37548 99 RIRARGIS OO TIRI0AL2
> H Qv aAnaTHg EEEMVRITREE [IRER VIS SR
3 N RTINS & U SNSNCH (IR IIRE R}
F'litstic R Juuainannd Gu H8h6333 GOEI00N
Carbon 3 Qaa 39258 GOONGATR YT O 0n2TIINNS
Cerami 3 AU RTRARTINES BRI Fiai Gl i 2RI -GS
ANOVA
Nowree of Laration NS df A F D value
Kows b pagsTs 2 Lt SORTINK IR EIITTRS ST IR T RV IVR s
Columus ERRUETRS UL 2 OnOuyRTYT T3uN™30607d noliegui]2
- rrog undbnTage 4 ERTYASEIR AR
Total 0T O R00NY N

270208
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Average Particle Data 5to 10 microns (Giardia range)

10L
Particle Count Influent 1 luent
Water Jilter # Plastic Carbon Ceranic
particles/ml. | 2559 1730 19.2
articles/imi, 2 154.7 1770 30}
particles/ml. 3 274.9 o8 2 30
particles/ml
Average 67430 2285 1394 207
Std Dev {891 6.0 [ 6.5
Particle Reduction [ F M luent
Filter # Plastic Curbon Ceramic
Yo Removal i 99 62 99,7 99 97
Yo Removal 2 99 77 Yy 74 99 Y6
Yo Removal 3 9959 Y4 9 94 Y3
Averape 99.060 4v.7Y vy v6
Std Dev 010 009 00}
Anova. Two-Factor Without Replication
SUAMMAR) Count Sum Average Fartance
1 3 299 3ISEI2S 99 TIRIIOKL 0 03]TIT7SSR
2 3 200 4033656 QU288 001 TRSTNT
K 3 299452257 QU RISOT7I23 0 003700 TR
Plistic 3 298 9834578 YD 661IS20 0Oy TRY2S
Carbon 3 299 3T9R52K 99 TUIKI2R D 0ORIT0T
Ceramic 3 2Y9.RR10132 9990033773 Y JR319E,8
ANOVA
Source of Vanation S8 df AS I3 I’ value Foorn
Rows O 003193715 2 G O0139T8S7 0 |yun3ousy ORITITIR2Y 6944270205
Columns 0134877393 2 DOOZIIROYT  RA0O2 184 0 036YR033E 6 02762065
Frror 0032112742 4 O UOROIRIRS
Total 017018585 8
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In

(9

Average Farticle Data

S to 10 microns (Giardia range)

20L
Particle ¢ oune Influent Eitluent
Waten Filter 4 Plastic Carbon Cerame
particles/mi. ! 163 6) 2328 2 3
varticles/ml. 2 1817 2510 T3
articles/ml. 3 201 Y 9l o 23
rarticles/ml.
Average OVY70 1822 1u8 3 4
Std Dev RG33 1v 3 92 6 26
Particle Reduction I luent
1lier # Plasic | Carbon Cerami
95 Removal ] u9 77 : 99 6] )
v Retoval 2 RUS 949 6- Y gy
2y Removal 3 99 7] a8 100 00
Average oy Ty 72 Sy an
Std Dey 02 K o
Aucva Pwo-tactor Withent Rephcation
SUVINIAR) Count Sum Average [ ariance
i 3 RUDESH s ha G KIRTIY 1032330402
2 3 200 3TIROLS ue TONGRINS O gR220722%
3 R QU0 ST A D9 MAYHL TR th U2l P3N
Mastic 3 2u Y INKug | S T 0030 o7
Carbon 3 Jun LA 882 ST Rl FIRISTRTIY O] TANITRT
Ceranmie 3 PRI TR e TAUR IEARUEIN
ANOVA
Sotrce of Varation 8N dt (WA 14 ! value I eru
Rows SOONYGANTY 2 Gond]Ide] (ANA2SST [EIRNA TRV GOIITHINS
Colinmns G 14200 NG 2 [EREN SRR RRRE Todf2om™n L n2TANGINY 6 udd2T6e268
Frror [BETAL AR R} o TETINGT
{otal O | T86280SS s
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a)

b

Average Particle Data

10 to 25 microns (larger particle range)

1L
Particle Count Intluent I Nluent
Water Filter # Plastic Carbon Ceranie
pirticles/ml. | 1191 KIN I8 3
particles/ml, 2 201 234 240
articles/ml. 3 274 333 iR
particles/ml. ;
Averag: 13867 877 29 5 224
Std Dev 004 332 S0 175
Particle Reduction Eflluent ]
filler # Plastic Carbon Ceramie
Y Removal I 99 14 Y9 78 Y9 72
% Removal 2 4y R Yy 83 99 K2
% Removal 3 Y9 ¥ 99 76 VY 47
Average PUR 9y 7Y 94 84
Std Dev 038 [SX18) 013
Anova Two-Factor Without Replication
SUNMARY Count Sum Average | urtunce
| 3 208 (3RA0060 99 330613553 0 123904080
2 3 2994390733 99 £196u 109 6 3}08
3 3 24949 290405 99 RI30]55 0012054443
Plastic ki 2987309057 99 ARIGII2E 0 1IT0R6047
Curbon 3 299 360947 9y TROYYG0S 0 001298037
Ceramie 3 299 S140235 99 K3R0TRS G OF3YN1A2S
ANOVA
Sowree of Vaviation SN df A I P value I et
Rows H1633 13 2 (HOR1757194 1 ORIINVORG (1252332707 6 944276203
Columns G 10RTROIN 2 0034393144 1 318168302 (1 36329K0K 094276205
Error 0 16503087 4 DO41204218
Total (1437357647 8
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Average Particle Data

10 to 25 microns(larger partidle range)

4L

Particle Count Influent I Muent
Water Fiiter # Vlastic Curbon Cerami
particies/mt | gl X7\ 1o
harticles/ml 2 187 NERI 47
particles/ml. 3 S¢S ]33 Ju
particles/ml
Average 13753 AN | RN Y
Sid Dev S50 25 dir oy RIS
Particle Reduction et
Pifter = Ilitstte Catbon Ceranmie
"o Removal | [IYNTRY Yy o9
s Removal 2 VY KRG Yy R3 T
"o Removal 3 R YR TR
Average Ya Sty anTh NN
Sted ey iR (130 tes
Anova Two-bador Withont Ikepheation
NOAALIRY € ount Niin Average Farian.
1 3 Jay 2073723 nm“\i':n"ﬂ 0 josEX]nkY
2 2 2ay Ryl BIRNTRRS FN R IR 3T
1 3 299 R0TER ARSI AR RO ITIS
Plastic 3 2o N2 g TaS T TR RN T TAN]
Carhon 3 2uu ndnnng Sy THORKRUN D ORTERITLT
L et 3 RURESURIS e gdoR2 3R 0] 1866
ANOVA
Newerce of Variation AN Jf 4N ) ! valne Voo
Rows TRTR/I I e OISR GO THNG T FRIREETHE ERRTRIT
Colamins GgSTIINAY 2 TR o [N EOE TR e TTaT G HuLd2T0208
Fitor GNRTTRT H s 28T
[ otul BRI AN S
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Average Particle Data

10 to 25 microns(larger particle ranae)

Gl
Particle Count Influent F i luent
Witer Iilter # Plastic Carbon Ceranue
particles/ml. ! 739 40 3 118
particles/ml. 2 RER)] 10} Y Y
particles/ml K 40.9 1635 2=
particles/ml
Averige 11930 iy 223 144
Sud Dev 3623 a0 159 62
Particle Reduction FMuent
Filter # Plastic Carbon Ceramme
"o Removal 1 Yy 3R Yy 6o Yy Y,
Yo Kemoval 2 9y 78 99 92 Y9 92
"o Removal 3 ERANN 449 86 Yy K2
Average BN 99 81 94 BN
Std Dev 021 013 (103
Anova Two-actor Without Rephcation
SUNNLRY Count Sum Average Larance
] 3 208 IONT2Y O GARGUGYT O ORTIIR0R
2 3 299 6166093 DUR SARITRT 0 OOIRH66S2
? 3 209 3307083 Y9 78023601 OO1TOI8KK
Phastic 3 JUS RI253Y 99 6OKUKRINS 0042233603
Carton K 299 44U 948 9O RIIIVKIK 0017730007
Ceranie 3 2Y903RUELY YU RTIGIT2Y 00027 IRTIS
ANOVA .
Source of Varianen 5SS dr AYA I I' value I ort
Rows Q073719750 2 0 03ITRIYKTR IO477S3I3ST 0 0 ISOURTUIR 6 92702068
Columns 0120288884 2 GO6O144442 I 8FTOR0292 O ORSIALI02 6 934276203
frror 0 O49n8RY 4 00712422225
Total 11 245697541 ]
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Average Particle Data

10 to 25 microns(larger particle range)

8L
Partscle Coumt Influent tuent
Waler Falter 4 Plastc Carbon Cetamie
particles/ml. [ 1oy 42
particles/ml. 2 2 10
particlesiml 3 31 27
purticles/ml
Average 1203y N LI 12
Std Dev InKS ARG Y 14
Particle Reduenion 1 tHuent
Pilter 4 Plastic Cuarbon Cerame
% Removal ] uy Ay oy Yy 100 O
Yo Removal 2 99 T at g 1ot o)
Ya Removal 3 R U R 9 a8
Average gy [YIYRYRY )
Std Dey 023 [ ol
Anovie [wo-Factor Withon Repliation
NCAVNLAR) ¢ ount Num Averoge Pariance
{ N 2uv 4TI O 827N [EETAR AN
N B AR Rt QU RXSUTIRD BRI BRI EERe!
: : 2o 23TU2E 0w TRAETANL 0 ]S eI
Plastie 3 JuR o3PS NURSAITRITE ] ol dnnnedn
Carbon R 2us Ta2un 2 e nionNTUR [EEEERPIEIRRE
Cenuni 3 20T e unNTI T s oo ERTAL
ANOVA
Source of Vartation AN Jdt VN I8 I' valie Foornt
Rows D E2OTSND 2 [ERERILRITE B N ot 2437 0 RG2TIN D 0 udd2T0l0s
L olumns [FERRSEYS TR 2 OO TRONT R Ko ToRTIN o dinsondo G706
Froon [ERFEIRR RIS NTE} l sreZofo 820
lotal RIS s I3 N
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Average Particle Data

10 to 25 microns(larger particle range)

10L
Particle Count Intluent EMuent
Water Filter § Plastic Carbon Ceramie
particles/ml, 1 190.6 20.3 3
varticles/ml, 2 SI1 20.5 33
particles/ml. 3 123.0 5.7 9.1
particles/ml.
Average 12661 1049 155 52
Std Dev 799 174 &3 34
Particle Reduction FiMuent
Filter § Plastic Carbon Ceramic
%o Removal 1 98.89 49 84 Y9 9§
Yo Removal 2 99.60 49 R4 99 47
% Removal 3 99.03 Y49 93 9993
Average 99.17 HU.R8 99 90
Std Dev (37 007 003
Anova: Two-[actor Without Replicatton
SUMMARY U aunt Sum Average Lariance
1 ki 2087044275 9y SO8I4SE (0 350019803
2 N 29940TGIRR 9980233961 0 036501787
3 3 200 9110936 9963703122 0277880217
Plastic 3 29TA2083 0 99 1710278 0 140134049
Carbon 3 299 6318783 YV 87729275 O O4UIRLT
Ceramic 3 299 8770334 99095901781 1.000T2875
ANOVA
Sowree of 1 ariation SS df MS I I value 1" crnt
Rows 0 087080679 2 0043540339 G RSS2T2635 09062117 6 9270203
Columns 1125297053 2 0 562648527 1105223) 0023479580 6944276205
Lrror 0 20363256 4 {OSO90R1
Total 1416010293 8

189




b

Average Particle Data

10 to 25 microns(larger particle range)

201
Particle Count Influent EMnuent
Water Filter # I"lastic Curbon Cerme
pirticles/ml. ! ti- 39y 10
particles/ml. 2 iN2 333 1 8
particles/ml. 3 7 223 044
particles/mi.
Average 11755 373 320 11
Std Dev 767 176 QN 0
varticle Reduction F i Tuent
Filter # Plastic Carbon Cerinnie
20 Removad 1 g S8 gy YU ay
Yo Removal 2 Yo 7 Gu Oy
" Removal 3 RO 99 83 1t o
Average Yol uy IR BRI
Std Dev G12 I [
Anova Dae-Facior Wathout Repheanon
NUVIVARY ount Num {verage Lariance
| A 209 St 99 ThXRO2N O 033 S
2 1 2un R a2Ts NIRRT AN XN ROUBARSEN
3 3 204 351508 Yo TRINAD aOnAl s
I'lastie 3 2N RI6RD DY ] nRY3K i SN
Carbon N AL AR VAL FIN R TR NN (0 IR8TR
L e 3 290 9TROSSN 0o guleyi2T 2 2URRRELS
ANOVA
Seswrce of Varation AN J ATA) I3 P value I ey
Kows 09SO | 2 FONIETRIOO O QRINTIORT G TRIINIS a2 ThI6s
Colmnns 0 21UANARRY 2 STy e 15 3tdonnn [ERT RS S 1Y) O 92 TR206S
frior O al8nusas 1 )T T Ty
fotal [IRRRMIRIE N
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Average Microbial Data (using Gecir. an)

1L
Microbial Count IntTuent M uent
Water Falter # Plastic Carbon Ceramic
cfu/100ml. 1 INTC I.5E+02 8]
11/ 100mi. 2 INTC 3.7E+02 1}
ciw/100ml. 3 INTC | KE+02 1
i/ 100ml. INTC
Average SOE+00 INTC 2 3F+02 8]
Std Dev S 7E+05 | 21+02 {
Microbsal Reduction Effluent
Filter # Plastic Carbon Cermnie
% Removal | INTC 100 00 {13]
% Removal 2 TNTC 49 99 100
%o Removal 3 INTC 100 00 100)
Average TNTC 100,00 100
Std Dev (.0) 4]
Anova Two-Factor Without Repheation
SUANARY Count Sum Average Luriance
1 2 199 9970443 99 9uRS2I23 ] 3676100
2 2 199 9926632 YO YOEIZ| AR 26040105
3 2 199 9064759 Yy YYRIITYS 6 209671
Carbon 3 299 UBOIRIS PRICUARUSE S eTouH:-00
Ceramic 3 200 100 1]
ANOVA
Source of Variation SS df AS a2 I’ value I erit
T Rows S 6T76031-00 2 2 RIKOT -0 1 a6GB0O709] 03909498077 19 GO0 44
Columns JARISOE-03 1 I ISIS9F-08 121072015 0 078K00RY I8 31270405
Error 30759840 2 2 R3TYYL -0
Total 4.316791-05 5
Total 6390). 280503 &
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Average Microbial Data (using Geomean)

4L
Microbial Count Intluent 1 Nuent
Water Filter # Plastic Cuarbon Ceramic
i/ 100ml } INIC MR 0
chw/ioiml. 2 INTC | “E+} 3]
clw/ Lol 3 INIC | 71 s03 1
e/ 100ml.
Average 1106 INTC 1 9k~03 6
Std Dev AR 3502 0
Microbial Reduction i tHuent
Filter # Plastic Carbon Ceramic
i Removil ! INTC 9 9. 1110
"o Removald 2 INTC 49 G 100
Y Removal 3 INTC RS 143
Average INTC Yy 93 ran
Std Dey i) i
Anova fwo-Factor Without Rephaation
NYRYAYATLe! [T Sum Average arnan.
" R [0 9d3KETY 90 aTIR2R6d oo AT 002
2 2 [ 3827, SRV RN OOONRT S
3 N Pas 3T RURUAYLRE LS 36308
Catbon 3 JHNGITNS wu SRR T RRLS) s
(U RIS 3 Y Fat "
ANOVA
Nowrce of Varwation NN dt I I value Pt
Rows RN LY ANEL 2 e IR TR dLduausoug? o anon2edad
Cohumns ERETRNS (TN i MTRIRLA0N aul22un03 IN S[270nbes
Frror KRRV AR 2
Jotal LLOOIIRTYND <
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Average Microbial Data (using Geomean)

6L
Microbial Count Influat [
Water Filier # Plastic Carbon Ceramic
i/ 100m], i & R1I+06 1.OE+00 1)
chw/ 10ml. 2 2 4E+06 |1 E+00 0
chw/ 100ml. 3 1 8j:+06 { 8F+06 0
ctw/ 1tml.
Avcrage 6 5E+HI0 4300 1.3E+06 ()
Std Dev 1.3F+06 3 YE+06 4 2108 1}
Microbial Roduction Etfluent
Filter # Plashe Carbon Ceramic
Ca Removal 1 -35 88 K384 100
% Removal 2 06209 83 61 100
Yo Removal 3 7284 7233 Lo
Averuge 3302 7Y 93 106
Std Dev 3991 657 0
Anova Two-Factor Without Replication
SUANLAR)Y Count Stum Average | artance
1 3 [47 9371532 49319050100 3309 J2835K
2 3 2453 G197 R 906K 36] 4290393
3 3 243 186405 81 7285035 250437047
Plastic k} 99 510K I3O]TUI6GT SRR V302K
Carben 3 239 790498 79 99834 BRIV REN}Y
Cerimie 3 300 100 (1
ANOVA
Source of Variation S8 df MS 1A I’ value o
Rows 21119835 2 1055 99175 ORT9KTu0 O 303048302 6034270205
Columns 7090431127 2 RRA3 215304 2722038 0 17TIOSM0G 6 9270201
Error SIR2.1538202 4 1288 (13033
Total 14354 37283




i)

Average Microbial Data (usiaog Geomean)

L1®
Microbial Count Intluent Filluent
Witer Futer # Plastic Carhen Cuerase
chw/[ooml. 1 | 9 -00 | 0]+t 0
w100} 2 2 dbein | -0 t
cliouml 3 i R enin IR SESTR 1l
ciw/1mi
Avernge S TEs06 20 etk | O}t U
Std Dey S ol 03 A2 us X SE0d 1
Microbrl Reduction Flient
Viiter # Plastic ity Ceramin
0 Removat ] 6721 N Vit
"o Reovad 2 822 N} 20 |t
"o Removal 3 6HR.0] S Vot
Average 0 1Y K24 [
Std e 3 d 13 0
Anova Two-bactor Wathont Rephication
NRYAYRILS Count Sum veraue Lariance
H N AR PRI RITE PRI SIS A Qi g TTURS
> i AU ININKRG] TONITwnIn? BRI NRRRIEN
3 H 23 7R N 2 Toraeia M 308I0R
Plasti 3 Vb e [N ol nN2iteds 3T TTUTNY
Carhon 3 21T R KD s 22RTNTIAN
Cerini 3 W Y I
ANOVA
Newre e of Lariation AN At VA I3 vl et
Rows Ny N TS Tl0adnn s P T2023080m IR TITIRBUN] [ERTA S TR
Colunns INT] oon2ax 2 SIS P2 2T nanninTaeN Goadd2 TRl
Frror 3 3TN L R PR BABRRN
Fotal HURIVIIRRN Y] N
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[\

Average Microbial Data (using Geomean)

10L
Microbiat Count Influent Filluent
Water Falter # Plastic Carbon Ceramic
clw/100ml. | 2 8E+06 _LIE+0o 1
ciw/L00mi. 2 J0F+06 _ 2 TEH0S 3]
ctw/100ml. 3 180 IR 0
ctu/100ml
Average S 8E+06 22106 ERIEIN 0
Std Dev S 3E+03 SOFE+08 3 1E405 1}
Microbial Reduction Fuent
Filter # Plastic Carbon Ceramic
%o Removal 1 3282 &1 4l 1
v Removal 2 6324 Yo 22 100
Yo Removal 3 68 70 vy 37 100
Average 6219 X720 100
Std Dev 853 336 0
Anova Two-Factor Without Repheation
SCVAARY ount Sum Averuge Lurtance
1 3 233 33459y T7RLIRO63IS ST 0749943
2 3 235 5073330 8S 1911179 3200402507
3 3 2391232513 K6 3TSORITG 236 0279 %)
Plastc 3 180.363212 62 18773735 T3 08290374
Carbon 3 201 6030730 KT 20132054 2R 72786204
Ceramie 3 30 Jt 0
ANOVA
Source of Variation 5SS df ATAY I I' value I crnt
Rows 127 8635487 2 6393177937 3373370492 0 13KRI2330 6 9 E2T6263
Columns 2219252845 2 FHOY 626422 AR ARTYIOR GO01TRORST 6 911270263
Lrior TS 73798411 J 18 93949603
lotal 2422 874378 X
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[\l

Average Microbial Data (using Geomean)

z01.

Aficrobial Count Influent 1 uent
Witer Falter # Plastic Carbon Ceranne
chw/ 100mi. ] RICTRD 32 406 1)
chw/tooml. 2 371400 7 4} =03 &
i/ 100m] 3 4 RE -t 4 2408 0
i/ 100ml.
Averuge 6 T +6 3 RE+On 1 3} +tuty (1
Std Dev 2 1 E+06 y 708 P00 0
AMicrobial Reduction 1 Muent
Filter # Plastic Curbon Ceranne
"o Kemoval 1 60y 322 100
"o Removal 2 4491 K811 100
"u Removal 3 2794 ul Ty 1
Average 432K TSy 1o
Std ey 14 60 230y 1
Anovia Dwo-Lactor Without Rephcation
SCANARY Cownt Sum heruge ertance
1 H 208212235 (TN ITS e L Tl 41k
2 3 2330270208 =T TR T3S [RITR IS TN XY
K N 22 ndendln TYRKR2GEG FR0X 08373
Plastic N TR S PRI B P32R21 3047 213 03RS
Carbon 3 230N T T AN, ARE AN
Cetitmy 3 S 1w r
ANOVA
Sowree of Varation SN Jf A i I value [ ern
Rows 102 Neig 2 SOV Ve LINCOANRKN 11 NN el HUd2TH26A
C olurns REVASKIEREN 2 2 s end TR bed POARKIZASK 0 udd2Te s
iror HRREN R RINEN 4 TITUNE G0
lotial G300 28060 N
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