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Fig 6.4 A typical water dispenser

Even if bottled water is delivered to a facility free from contamination, the process of
distributing that water requires that steps are taken to ensure it is potable when it is
dispensed. It is necessary to clean and disinfect dispensers with a chlorine based
solution on a regular basis. Regular household bleach (unscented) can be used to do
this, as it is cheap, handy, and effective. Cleaning and disinfecting the dispenser by
chlorinating at a concentration of 10 mg/L is a good way to keep the dispenser clean
and the water safe. Step by step instructions on how to clean a bottled water dispenser
are available from Health Canada and have been included in Appendix C.

For more information on bottled water and dispensers, please take the
time to review the DVD modaule entitled

“Bottled Water: Selection and Application in Federal Facilities”
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7.0 Knowing Your System from Source to Tap

7.1 Introduction

As mentioned in Chapter 1, Canada supports the multi-barrier approach to providing
safe drinking water. This includes barriers such as those physical barriers found in the
treatment process, training to understand the treatment process and, the operation and
maintenance of the treatment train and the distribution system. Another important
barrier is knowledge — knowledge of the complete system from the source of the raw
water right to the point where the treated water is used at the tap — source to tap. This
chapter discusses three important tools used to develop thatknowledge: a vulnerabilities
assessment, a sanitary survey and a baseline chemical analysis. In addition, the
importance of knowing your source and how to protect it is discussed.

A vulnerabilities assessment, sanitary survey and baseline chemical analysis should be
conducted every 5 years, or when there are significant changes to the treatment system,
land use, or other conditions which may adversely affect water quality. This will help to
determine if changes are required to the monitoring program.

It is recognized that, in the case of unique facilities or situations such as systems in
remote locations that serve very few individuals, it maynotbe physically or economically
teasible to conduct each of the assessment/survey/analysis components every S years
once the first ones have been completed. In these cases, every effort should be made to,
at a minimum, do the vulnerabilities assessment and sanitary survey every S years, to
determine if any changes have occurred that might require changes to the ongoing
monitoring program.

Although the assessment/survey/analysis may only be done every five years,
departments should endeavour to be aware on an ongoing basis of any changes at a site
that could impact on water quality.

7.2 Vulnerabilities Assessment and Risk Management

A vulnerabilities assessment has three major components. These are:
1. Learning where your source water comes from.
2. Identifying potential hazards.
3. Determining your source’s susceptibility to these hazards.

In the following sections, we’ll look at these three components in more detail.

7.2.1. Knowing Your Source

The land area that contributes the source water and potential contaminants to the water
supply must be defined and mapped (delineated). This will allow the team responsible
for managing the facilities” drinking water to focus their efforts within a defined area
and respond appropriately to incidents or emergencies. This is true for both surface
water and groundwater supplies. For a surface water supply, the delineated area is
known as a watershed. For a groundwater supply, the area where water enters from the
surface, called the recharge area, may be in the watershed where the well is, or it may be
quite distant from the well.



This component of the vulnerabilities assessment should include identifying the
characteristics of the water source, geology, and features of the surrounding area to
determine what may be in the water and what could become a concern in the treated
drinking water. For example, dissolved organic material in surface water may lead to
harmful disinfection by-products when the water is chlorinated.

Many methods exist to delineate watersheds and aquifers, ranging from simplistic
terrain mapping to complex mathematical models requiring significant amounts of
field data. The decision about which method is required will depend on source water
characteristics and the relative risk of contamination.

7.2.2. |dentifying Hazards

The next step is to identify the potential hazards to the water source within the
delineated area. Hazards can be identified in a number of ways such as inventories of
land uses and contaminant sources, evaluations of watershed and/or aquifer
characteristics, and monitoring data related to source water quality and quantity.

In the vulnerabilities assessment, it is essential to identify hazards, as they influence the
type of treatment required as well as any response required in the watershed/aquifer.
For instance, a watershed where the primary hazards come from industrial effluent will
be managed differently than one where the main threat to water quality is high nutrient
levels due to agricultural activities.

7.2.3. Determining Susceptibility to Hazards

Once the hazards have been identified within a delineated area, the vulnerability of the
source to the hazards needs to be determined. The potential impact of the hazards on
human health also needs to be determined. The results of these assessments influence
the treatment required to ensure the water is safe and aesthetically-pleasing for human
consumption. They also guide best management practices on the land affecting the
watershed / recharge areas by identifying the quantity and quality of the water, and its
potential vulnerability to degradation. Assessment results may be extremely useful to
other agencies, local industry and community water users who share common interests.

In assessing vulnerability or risk, the data from the identification of hazards needs to be
complemented with monitoring data to get an idea of the concentration at which the
contaminant is found in the source water and whether this concentration fluctuates
over time. Fluctuations in physical parameters such as pH and turbidity should be
noted. These types of data are gathered through long-term monitoring programs. While
concentrations can be modeled, it is preferable to obtain real-time, site-specific
monitoring data.

7.3 Sanitary Survey

A sanitary survey is an on-site review, from intake to tap, of the water system’s raw water
quality, the source water intake facilities, treatment equipment and distribution system,
operational procedures in place and maintenance records. The purpose of the survey is
to evaluate the system’s ability to adequately treat the source water in order to produce
and deliver safe drinking water. The extent of the sanitary survey will vary depending
upon the type and complexity of the system.
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Monitoring of the quality of a water supply source can identify changes in the water
quality over time, which can help in detecting contamination problems and in
determining whether they have happened at the source, during water treatment, or in
the distribution system. However, it may not be possible to take more than a few samples,
and consequently the results of any analysis may not be representative of the water
supply system as a whole. A sanitary survey is an essential complement to water quality
monitoring. Together they allow for an overall appraisal of the many factors associated
with a water supply system, including the treatment and distribution systems. Combined
with water quality monitoring, a sanitary survey provides a range of information which
will help to locate potential problems. This information may identify failures, issues that
should not normally occur, operator errors, and any deviations from normal that may
affect the production and distribution of safe drinking water.

Fig 7.1 Monitoring for corroded pipes and fixtures

7.4 Baseline Chemical Analysis

The baseline chemical analysis, in combination with the vulnerabilities assessment and
sanitary survey, should be the basis for the monitoring program (i.e. a list of substances
that should be routinely monitored). Based on the monitoring program, departments
should be able to develop an appropriate process to treat the water to meet the needs of
the facility.

The monitoring program for chemical contaminants specifically identified by the
baseline analysis should include, at a minimum, annual monitoring for surface water
sources and monitoring every 2 years for groundwater sources, unless otherwise
specified in the Guidelines for Canadian Drinking Water Quality.

As a safeguard, it is also recommended that a baseline chemical analysis be conducted
every five years, unless a sanitary survey or vulnerabilities assessment indicates that this
type of analysis should be done more or less frequently.



If particular substances are consistently absent from a water system, the frequency of
sampling of those substances can be reduced. As well, where water supplies are obtained
from sources that are not likely to be contaminated by human activities (industrial and
agricultural wastes, municipal waste water), a baseline chemical analysis may be needed
only to identify potential new drinking water sources and only occasionally thereafter.

Fig 7.2 Baseline chemical analysis provides input to the monitoring program

For drinking water supplied by a municipality, the baseline chemical analysis would
include an analysis of the water received to determine if there are any concerns with the
supply that require further treatment or whether an alternative source should be used.
Federal departments and First Nations communities should request water quality
testing results from the municipality. This information will indicate which substances
are being tested for and analyzed.

7.5 Source Protection

The vulnerabilities assessment will have identified the water source and the watershed
area (for a surface water source) or the recharge area (for a groundwater sources).
Identifying recharge areas for shallow groundwater may be easy whereas identifying
those areas for deep wells may be extremely difficult. Once recharge areas have been
identified it is important to protect the area to reduce the potential for contamination
of the groundwater. The vulnerabilities assessment will also have identified potential
risks of contamination to the source water. As a result, your water quality specialist may
have developed a water source protection program.
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Water source protection is a critical component of the multi-barrier approach to safe
drinking water. It is an important activity for surface water sources and shallow well
sources. Deep wells may have recharge areas very distant from the well, and it may be
very difficult to determine where the surface recharge area for the aquifer is located and
be a part of protecting the surface source of the water. But even deep aquifers can
become contaminated so it is still important to monitor the source water quality.

There are four elements to source water protection: establishing objectives, monitoring
source water quality, developing and maintaining partnerships with other same source
users, and public awareness.

«  Establishing guidelines provides targets to meet.
«  Monitoring helps to determine if the targets are being achieved.

+ Creating and maintaining partnerships and improving public awareness develops
the support needed to manage the difficult task of source water protection.

One of the easiest methods to provide potable water is to start with a water source that
has very few contaminants. Source water protection (SWP) is a method to ensure
everyone in the watershed works together to reduce the contaminants introduced into
the water source. It is a large task requiring the cooperation of many different people
and agencies, and requiring compromises based on the assessment of the risks involved.

Fig 7.3 Source protection includes getting other interested parties involved

e

Developing a source water protection plan is not usually the responsibility of the micro-
system operator. A water quality specialist, water quality engineer, or environmental
health officer will normally lead a team to develop a protection plan. The leader of the
team will look for input and participation from a variety of sources, which usually
includes but not limited to the facility manager, departmental experts, the micro-
system operator and resources from the community if required.



Source water protection depends on knowledge of the water supply system, from
source to tap. The SWP plan brings together elements from the vulnerabilities
assessment, the sanitary survey and the baseline chemical analysis. It’s a complicated
task that often seems daunting, but it’s critical as one of the multiple barriers that helps
to provide safe drinking water.

7.6  Using Municipally Supplied Water

Often the source of potable water for facilities owned and operated by the federal
government is the local municipality. The quality of this water is the responsibility of
the owner of the water system, not the local municipality.

In order to ensure the water received is of acceptable quality, federal water quality
managers and, in the case of First Nations communities, water treatment plant operators
and technical support staff, should be in regular contact with the municipality.
Maintaining solid relationships with key contacts in the municipality’s drinking water
program is important in order to be kept informed of any water quality or quantity
issues that could affect the health of consumers. The municipality’s reports describing
water sampling results should be periodically reviewed in order to keep informed of the
water’s changing characteristics and to understand the quality of drinking water
entering the facility’s distribution system or building plumbing.

In cases where water is received from a municipality, it may be possible to negotiate to
have the federal building designated as a routine municipal water sampling location. If
this is not possible, water samples should be collected at the point closest to the intake
of municipal water to the building in order to establish a baseline understanding of the
water quality.
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8 Monitoring and Testing

8.1 Introduction

The multi-barrier approach to providing safe drinking water is based on ensuring that
several barriers are in place to prevent contaminants from ending up in the water that is
consumed. These barriers include familiar physical barriers such as source protection
and treatment processes. Another important barrier is the regular monitoring and
testing of the water. A scheduled program of monitoring will provide test results to
indicate the physical processes are working and the water is potable. Without monitoring
and testing, there is no way of knowing whether or not the system is producing water
that meets the federal guidelines for safe drinking water.

The Guidance for Providing Safe Drinking Water in Areas of Federal Jurisdiction document
provides the framework for the responsibilities and duties of those involved with the
provision of safe drinking water. Based on this guidance, a water quality expert will
develop a monitoring program for the micro-system. As this monitoring program is
one of the protective barriers, it is important to follow both the schedule and the
procedures for monitoring the water quality.

Fig 8.1 A Sampling Kit

8.2 When You Should Sample

All federal facilities require some kind of monitoring plan. The monitoring program for
all federal drinking water systems, regardless of their size, should be developed based on
the information provided by a vulnerabilities assessment, a sanitary survey and a baseline
chemical analysis. Each of these components should be conducted by a competent
expert in the appropriate field. This information will be used, along with the Guidance for
Providing Safe Drinking Water in Areas of Federal Jurisdiction to develop a monitoring
plan. This plan will specify when and how often samples will need to be taken.
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The monitoring plan should be reviewed every S years, or when there are significant
changes to the treatment system, land use, or other conditions which may adversely
affect water quality. The vulnerabilities assessment, sanitary survey and baseline
chemical analysis should be re-visited to determine if changes are required to the
monitoring program.

For very small systems which serve very few individuals, and where the supply has a
history of producing water of high bacteriological quality, it may be possible to reduce
the number of sampling events. In such cases, samples should be collected and analyzed
when the risk of contamination is highest and correspondingly there is potential health
risk. This would include spring thaw, heavy rains or dry periods, when changes are
made to the plumbing system or when a noticeable deterioration in water quality
occurs. It is important to consult with a water quality specialist when reducing the
frequency of sampling.

8.3 What to Sample

The most significant parameters to be monitored relate to the microbiological quality
of drinking water. The presence of biological activity can result in serious health hazards.
Indeed, ensuring the microbiological quality of drinking water is the highest priority
for protecting public health. The indicator organisms total coliforms and E. coli are the
microbiological parameters that need to be monitored. The presence of E. coli in the
water indicates that there has been faecal contamination of the water. The presence of
total coliforms in the water indicates that in the case of a non-disinfected system there
is microbiological contamination and in the case of a disinfected system the disinfection
system is not properly treating the water.

Micro-system operators, water quality specials, Environmental health officers or those
responsible for providing safe drinking water may also choose to test for Heterotrophic
Plate Count (HPC) bacteria in order to better understand the overall quality of the
drinking water. If the HPC increases over baseline conditions, this indicates an increase
in microbiological activity in the system. Note that unlike total coliforms and E. col,
HPC is not a suitable indicator of the microbiological safety of the water.

Federal facilities and facilities in First Nations communities that treat and supply their
own drinking water must monitor their water for turbidity as it is a strong indicator of
water quality. It is also an important indicator of treatment efhiciency and filter
performance. Turbidity can be measured by on-line turbidity meters or by using a test
kit. Turbidity samples must be tested on-site by a trained person. Turbidity is measured
in Nephelometric Turbidity Units (NTU), and the allowable value for turbidity will be
established by your water quality specialist.

Turbidity in water is caused by suspended and colloidal matter such as clay, silt, fine
organic and inorganic matter, plankton and other microscopic organisms. Control of
turbidity in water supplies is important for both health and aesthetic reasons. Water
that has high levels of turbidity is not only unappealing to the consumer, but the
particles that cause turbidity can also interfere with disinfection and can be a source of
disease-causing organisms.

If the micro-system incorporates chlorine as either a primary or secondary disinfection,
it is important to monitor the free chlorine residual. Like turbidity, chlorine residual in
a micro-system is a strong indicator of the safety of the water or potential problems



relating to microbiological integrity. The chlorine residual should always be within the
range specified for the system, at all points in the system.

The initial baseline chemical analysis may have identified certain specific parameters
that are present in the source water that are health concerns, such as arsenic. Or it may
have identified parameters that are operational or aesthetic concerns, such as iron and
colour. These parameters should be analyzed in every sample to ensure that the
treatment system is performing properly.

Turbidity in water is caused by suspended and colloidal matter such as clay, silt, fine
organic and inorganic matter, plankton and other microscopic organisms. Control of
turbidity in water supplies is important for both health and aesthetic reasons. Water
that has high levels of turbidity is not only unappealing to the consumer, but the
particles that cause turbidity can also interfere with disinfection and can be a source of
disease-causing organisms.

If the micro-system incorporates chlorine as either a primary or secondary disinfection,
it is important to monitor the free chlorine residual. Like turbidity, chlorine residual in
a micro-system is a strong indicator of the safety of the water or potential problems
relating to microbiological integrity. The chlorine residual should always be within the
range specified for the system, at all points in the system.

The initial baseline chemical analysis may have identified certain specific parameters
that are present in the source water that are health concerns, such as arsenic. Or it may
have identified parameters that are operational or aesthetic concerns, such as iron and
colour. These parameters should be analyzed in every sample to ensure that the
treatment system is performing properly.

8.4 Where to Sample

Samples should be taken at the point where the water enters the system (to monitor the
quality of the untreated source water) and from representative points throughout the
potable water distribution system, although not necessarily the same points on each
occasion. For very small systems where there is little or no distribution system, samples
should be taken as the water leaves the treatment system.

If the water supply is obtained from more than one source, the location of sampling
points in the distribution system should ensure that water from each source is
periodically sampled. The majority of samples should be taken in potential problem
areas: low-pressure zones, reservoirs, dead ends, areas at the side of the system farthest
from the treatment plant and areas with a poor previous record. Facilities that receive
municipal water should collect samples at the water main or point of entry to the
building, in the building’s plumbing system, and in other locations identified in the
vulnerabilities assessment and sanitary survey.

Sampling locations within the building’s plumbing system could be randomly selected
at first, to find “hot spots” — locations where water quality is not as good as it is leaving
the treatment system. Over time, these “hot spots” could become regular sampling
locations. Samples should occasionally be collected from other locations in the
building. The sampling for chemical analyses will differ from the microbiological
sampling with respect to location, frequency and how to sample. Check with a water
quality specialist to ensure that sampling is done correctly for each type of analysis.
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8.5 How to Sample

When testing for contamination, it’s critical that the sample taken is representative of
the water in the distribution system. Following the procedures below will help ensure
that the samples taken and sent to the lab are free from any introduced contaminants.
Samples will usually be taken from an accessible water tap.

As sampling procedures may change over time, check with a water quality specialist to
ensure the procedure that is being followed to collect a sample is correct.

When testing for contamination, it’s critical that the sample taken is representative of
the water in the distribution system. Following the procedures below will help ensure
that the samples taken and sent to the lab are free from any introduced contaminants.
Samples will usually be taken from an accessible water tap.

As sampling procedures may change over time, check with a water quality specialist to
ensure the procedure that is being followed to collect a sample is correct.

Microbiological Sampling.
1. Remove aerators, hoses, screens, or treatment devices attached to the faucet (they
can harbour bacteria).

If the environment is dirty, you may want to dip the faucetin a solution of unscented
household bleach to ensure that live microbiological material from the faucet
doesn’t accidentally fall into the sample. Make this solution from 2ml bleach per
litre of water. Note that sterilizing the faucet is not a mandatory part of the sampling
procedure, but might be advisable if the faucet is quite dirty.

2. Wash your hands or use single-use sterile gloves.

3. Read and follow exactly the instructions that come with the sampling kit supplied
by a laboratory. Select the appropriate sampling bottle. Some kits come with a
powder in the sample bottle. This powder is Sodium Thiosulphate. Do not rinse or
pour this powder out as it is needed to neutralize the chlorine in the water.

4. Sample using the cold-water tap only. Open the tap fully and allow the water to run
for two minutes before taking sample.

After the water has run for 2 minutes, reduce the flow to the diameter of a pen.

6. Remove the cap from the bottle, but don’t put it down. Fill bottle to the fill line
marking, taking care not to touch the inside of the cap or bottle threads and don’t
let the bottle touch the tap.

7. Replace the cap on the sample bottle, and tighten it firmly so that the sample is
sealed in the bottle.

8. Immediately wipe the outside of the bottle dry and fill out all the required
information on the bottle’s label. Then complete the laboratory’s chain of custody
form, including signing it where necessary. Keep one signed copy of the form.

9. Place sample and the chain of custody forms in the re-sealable plastic bag provided
by the laboratory. Place the bag in the shipping container, usually a cooler, along
with an ice pack to keep the sample cool.

10. In order for the sample to be tested, it needs to be kept cool until it reaches the
testing laboratory. The sample needs to arrive at the laboratory within 24 to 48
hours.



For more information on how to take a water sample, please take the
time to review the DVD module entitled

“Procedures for Conducting Water Sampling in Federal Facilities”

8.6 Where to Send Samples

When testing and analysing water samples (with some exceptions, such as E. coli and
total coliforms, under the conditions outlined below), federal departments or, in the
case of First Nations communities, managers and operators of facilities and technical
support personnel, must use a laboratory accredited by one of the following:

Canadian Association for Laboratory Accreditation Inc. (CALA),
Standards Council of Canada (SCC), or,

Programme d’accréditation de laboratoires d’analyse environnementale (PALAE)
(Quebec).

SCC/CALA defines accreditation as “the formal recognition of the competence of a
laboratory to carry out specific tests.” Accreditation is awarded to a laboratory for each
individual test, for example, the analysis of pesticides in drinking water.

Canadian missions in other countries should use laboratory services accredited as
meeting the International Organization for Standardization (ISO) standard IEC17025-
1999, General Requirements for Competence of Calibration and Testing Laboratories.

A list of accredited laboratories worldwide can be found at the website of the
International Laboratory Accreditation Cooperation (ILAC). The list of laboratories
by country can be found in the Membership area.

In the case of sampling and testing for some microbiological parameters (E. coli and
total coliforms), managers and/or operators of facilities may allow trained personnel to
use portable test kits rather than an accredited laboratory. However, in order to ensure
quality control, a minimum of 10% of all samples must be sent to an accredited lab for
analysis or, if this is not physically possible, additional samples should be analyzed
using the kit for quality control purposes.

Portable test kits can be used to sample a variety of parameters, such as the
microbiological parameters mentioned above or other parameters like turbidity, pH or
chlorine. The supplies that are used with portable test kits may have an expiry date, so
it is important to ensure that all supplies being used are not past their expiry date. All
instruments used should be calibrated for accuracy, and if single use type test kits are
being used each batch of new kits should be tested for accuracy.

Test kits should meet minimum requirements for accuracy and detection (sensitivity)
for the contaminant of interest.
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Note: Test kits are not as reliable as laboratory testing and should only be used
as an indicator of problems and not as a means to fully diagnose them. If a test

kit indicates a possible contamination, further laboratory testing is required.
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9 Analysis and Reporting

9.1 Introduction

The results of a laboratory analysis of a water sample will indicate what is in the water.
However, it is up to the water quality team to interpret these results and decide what
actions, if any, are needed. Who interprets the results and who takes any action required
will vary — in some cases the water quality specialist will interpret the results and advise
the person responsible for operating and maintaining the system what action to take. In
other situations the micro-system operator may receive the laboratory report and use
operating manuals to help with the interpretation of the analysis and standard operating
procedures to determine what action to take.

9.2 Reading a Laboratory Report

A laboratory report contains not only the results of the water sample analysis, but also
all the information that was recorded on the sample bottle and the chain of custody
form that was sent in with the sample. It’s important to take the time to review this
information to ensure that it was transferred accurately onto the laboratory report.

At the top of the report is the laboratory’s name and contact information. The lab may
also list its accreditations. As indicated in Chapter 8, laboratories are accredited not by
their name, but by the tests they have been accredited to carry out.

Also near the top appears all the information about the sample. This will include the
name of the person who sent in the sample, the location of where the sample was taken,
the date it was taken and the date the lab received the sample. It will also contain the
name of the sample that was provided, for example, “kitchen sink”. If a sample number
was written on the sample bottle then that information should also appear on the
report.

The main body of the report will contain a number of columns, which will usually
include Parameter (Analyte), Units, Result, Detection Limit (DL) and Method.

The Parameter column indicates what the sample was analysed for. This will include the
list of parameters that was specifically requested. In some cases, laboratories have
standard test suites for potable water, so the list will include all the parameters in that
test suite if that is the way the analysis of the sample was requested.

The Units column indicates the units that the test results and the detection limit are
expressed in. The most common units are milligrams per litre (mg/L) or sometimes
micrograms per litre (pg/L). As discussed in Chapter 4, 1 mg/L is equivalent to 1 part
per million (ppm). So the units may also be expressed in ppm. In the case of tests for
microorganisms, such as total coliforms or E. coli, the units are the number of Colony
Forming Units per 100 ml (which is abbreviated to CFU/100mL). If the laboratory
uses a presence / absence method to analyse for a particular parameter, the units will
indicate P/A.

The Result may indicate an exact number — this is the result of the analysis showing the
actual concentration of the substance in the water sample. If the result indicates “<” and
then a number, this indicates that the concentration of the substance in the water was
below the detection limit of the equipment the laboratory uses to test for the substance
in accordance with the standard method for the test. The Detection Limit column

Water Quality 101

89




90 Wwater Quality 101

Did You Know:

At elevations greater
than 2,000 m water
boils at slightly loxer
temperatures,
Therefore water
should be boiled for
two minutes to kill
disease causing
organisms,

indicates the detection limit of the equipment used by the laboratory for each individual
parameter.

The Method column indicates the standard method that the laboratory used to analyze
the sample for each specific parameter.

9.3 Test Results

As mentioned above, the analysis of the test results may be done by the water quality
specialist or in some cases it may be done by the micro-system operator. The first step
is also described above - to review the sample information to verify that the test results
that have been provided are for the micro-system. The next step is to carefully compare
the results of the sample analysis against the Maximum Acceptable Concentration
(MAC) in the current Guidelines for Canadian Drinking Water Quality. This
information can be found on the Health Canada website. It can also be obtained by
contacting a water quality specialist. As the parameters that are tested for will remain
the same over time, the operation and maintenance manual prepared by a water quality
specialist for the micro-system should also indicate what parameters are to be analyzed
and their corresponding MACs.

The first parameters to consider are the microbiological parameters — total coliforms
and E. coli. The guideline for both these parameters is 0 CFU/100mL.

For very small systems with little or no distribution system, the following guidance
could apply:

No sample should contain E. coli. As discussed in Chapter 8, the presence of E. coli
indicates faecal contamination and the possible presence of enteric pathogens; therefore
the water is unsafe to drink. If E. coli is detected, a boil water advisory should be issued
and corrective actions taken.

No sample should contain total coliforms. The presence of total coliforms does not
necessarily mean a boil water advisory must immediately be issued; however, re-
sampling and/or other corrective actions should be taken.

In non-disinfected well water, the presence of total coliform bacteria in the absence of
E. coli indicates the well may be prone to surface water infiltration and is therefore at
risk of faecal contamination. In disinfected water systems, the presence of total coliform
bacteria indicates a potential failure in the disinfection process. In both disinfected and
non-disinfected systems, total coliform detection may also indicate the presence of a
biofilm in the well or plumbing system. A biofilm is a community of micro-organisms
attached to a solid surface, for example the inside wall of a pipe, in an aquatic
environment.

Even though the biofilm itself is not a health concern, it could interfere with analytical
testing. Also, it could eventually impede water flow, potentially leading to deterioration
of aesthetic water quality and ultimately taste and odour problems.



Boil Water Advisories

As discussed above, when considering microbiological contamination, boil water
advisories should be issued - or an alternative safe source of drinking water used - in the
following cases:

«  If the water supply is not disinfected and is contaminated with either total coliforms
or E. coli.

« If the water supply is disinfected and water leaving the treatment system has no
chlorine residual or is contaminated with either total coliforms or E. coli.

A boil water advisory tells people to boil the water before they use it to drink, prepare
food and beverages, make ice cubes, wash fruits and vegetables or brush their teeth.
People must understand that, until further notice, they cannot drink or use water unless
it has been boiled.

It is recommended that a boil water advisory be used only as a temporary measure
while problems are being identified and corrected.

If total coliforms are present with no E. coli present, re-sampling and corrective action
should be taken. These corrective actions could include shock chlorination (the
addition of a strong solution of liquid chlorine into a drinking water system to reduce
the presence of microbiological contaminants) and flushing of the well and/or
distribution system.

If there is no evidence to suggest faecal contamination, a boil water advisory may not
be necessary.

9.4 Accountability and Record Keeping

Monitoring all operational and compliance aspects of a drinking water system is an
important part of establishing on-going verification that the water is safe to drink and
the operational plan is being followed. Equally important is being accountable for the
records of all these activities. This includes a system of document management which
ensures that documents are properly maintained and easily accessible.

Documentation is equally important as a tool for verifying that training activities are
taking place and that corrective actions have been taken as required. It also helps track
the continuous improvement of operations and/or policies. Comprehensive
documentation is also a fundamental requirement in the event that any operator or
manager should be required to show that they have been taking all due diligence in
using the system to produce and provide potable water.

Finally, well-maintained documentation allows for a more effective and meaningful
audit process. Audits that are based on good records can lead to improvements of both
the management and operational strategies being used to provide safe drinking water.

Accurate and accessible records of monitoring and testing are important, but they’re
not the only records that should be kept. Documentation should be in place to keep
track of the location and condition of the treatment equipment, distribution system,
and the associated treatment/ cleaning chemicals and spare parts. Examples of common
record types are listed below:

«  Water quality testing results — baseline testing, and all ongoing bacterial and chemical
analyses, all recorded chlorine residual and turbidity levels.
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A summary of analytical results obtained during the year, in table format

Reports on the quality of drinking water from the municipal system (if the facility
receives municipally supplied water)

Correspondence and reports of any incidents, including remedial and emergency
measures, boil water advisories, shock chlorination, etc. A record of corrective
actions taken as part of operational controls, or in the event of a sample analysis
that indicated the water exceeded any of the MACs.

Assessment reports (such as vulnerabilities assessment, sanitary survey, cross-
connection control survey/program, potable/drinking water management plans, etc.)

Reports of in-house operational procedures, tests, protocols (communication,
storage of on-site chemicals, etc.)

Infrastructure and maintenance reports including:
- “As-built” drawings
- Plumbing drawings

- ”Life history cards” (these files should contain data about each piece of
equipmentin the water system, including the date and conditions of installation,
types of material, record of service problems and/or performance and costs of
operation and maintenance)

- Schedule of routine O&M for distribution system and treatment equipment
- Operational and maintenance manuals
- Manufacturer’s information and specifications for each piece of equipment

Training records, including exam results, relevance of training, and validation of
the source of training

Auditor’s reports (internal/external auditing)
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10 Where to Get Help

10.1 Introduction

This course has covered a lot of information — sources of water, contaminants that
might be found in those water sources, the various methods of treating water to remove
contaminants, various tools to use to completely understand the system from source to
the tap, monitoring, sampling, analysis and reporting. In addition, basic mathematics
and chemistry for water systems. That is a tremendous amount of information to
memorize, and even more to put into practice and truly learn. There are several ways of
putting all this knowledge into practice, but perhaps one of the best ways is to take a
close look at the water system, and understand how the water gets from it’s source to
the tap that will fill the glass of water. Not only will this help to put some of the new
knowledge into practice, but it will help to identify locations and situations where risks
to the safety of the water might be encountered and what can be done to manage those
risks.

Providing safe drinking water is a complex job that can easily exceed the capabilities of
any one person. For this reason, it’s important to know your limitations. While nothing
will guarantee that every decision you make will be a correct one, using the tools and
information at your disposal will help you with one critical skill: the ability to know
when a situation exceeds your skill level. Understanding the limits of your knowledge
means you will be willing to ask for help when you need it, and this will give you the
confidence to declare the water unsafe if you have any doubts about its potability.

One of the most important tools to consider is preparation — being ready for most
situations. This can be as easy as looking at one of the devices in the treatment train and
asking questions like “What should be done if that indicator light comes on?”, “What
do the readings on the pressure gauge mean?” or, from a monitoring perspective, “What
should be done if a test analysis reports a parameter is above it’s Maximum Acceptable
Concentration?”. If you don’t know the answer to the question, don’t guess at the
answer. There is a team of people that can be asked for help — the water quality specialist,
other micro-system operators, health and safety officers, provincial water quality
partners, manufacturer’s representatives and others. It’s good not only to ask these
people for help and instruction, but also to ask them if they can be contacted in an
emergency for advice, and to keep their contact information up to date.

The following sections provide some ideas on where to look or who to contact to find
the answers to some of these questions.

10.2 Equipment

All micro-systems have equipment that at the minimum will include a pump and a
series of pipes and valves. In many cases the system will include some type of treatment
equipment to remove contaminants from the water. Both the possible contaminants
and the treatment devices have been discussed in this course. It is critically important
that the equipment be properly operated and maintained to ensure the production and
delivery of safe drinking water.

There are several sources of information that are valuable in operating and maintaining
this equipment. The first is the operator’s manual that came with the equipment. Read
this manual to understand the operation and maintenance of the equipment. If there



are instructions that are not clear, call the manufacturer or the installer for clarification.
Also, this work book explains the general principles for various types of treatment
equipment which should help in understanding how they operate and their limitations.
There may be also other micro-system operators who are familiar with the same types
of equipment that can provide operation and maintenance advice. Make notes on
routine maintenance and operation procedures for all the equipment in the micro-
system. This will not only help to understand the information by writing it down in
familiar terms and language, but it will also provide a list that can be used to verify
scheduled maintenance.

Some equipment problems are easy to solve. For example, it may simply require the
addition of salt to the water softener (an ion exchange device) when the brine tank is
low or replacing the bulb in the Ultraviolet (UV) disinfection system when the indicator
light flashes.

Other problems are more complex. For example, the chlorinator may stop working, or
the controls on the equipment may stop responding. Preparing a plan in advance to
address some of these common problems is a good idea. Part of the plan may be to call
in the experts. Don't hesitate to do so. Their job is to support micro-system operators
with their task of providing potable water.

There will inevitably be problems with the equipment in the micro-system as it wears
out over time. The first thing to do is to identify the cause of the problem. The operator’s
manual and other sources of information may be of assistance. But sometimes all the
information available won’t immediately identify the problem. When this happens,
contact a water quality specialist or the professional who installed the equipment for
help in determining the cause of the problem. Once the problem is identified, the
solution might be obvious or the advice of a specialist might be required to help devise
a solution.

Asindicated in the introduction above, it is useful to think of operational and emergency
situations that might arise. For each situation, develop and write down a solution. Then
identify the names and contact information of people who could help, verify that they
would be willing to help, and write down their contact information. Review this list of
potential problems, solutions and contacts periodically to keep it up to date.

10.3 Distribution System

Most micro-systems have a simple water distribution system, consisting of a
combination of pipes and valves. There may also be some other devices in the
distribution system such as drinking water fountains and janitorial style sinks. Most of
these devices are easy to maintain, but problems can arise.

Contact a water quality specialist immediately if there are any irregularities such as
pressure changes or leaks in the distribution system or changes in the quality of the
water. A qualified professional should be hired to do any repairs or changes to the
distribution system that are required.

10.4 Monitoring

Monitoring the water quality is an important part of providing safe drinking water. This
might be a team effort where the person on site is responsible for taking samples and
implementing corrective actions while a water quality specialist is responsible for
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analyzing the test results and indicating what corrective actions need to be taken. In
other cases, the person on site might be responsible for all these actions. In any case, the
Guidelines for Canadian Drinking Water Quality form the basis for determining the
safety of the water. These guidelines are updated periodically, based on new scientific
findings, so always check Health Canada’s website for the latest version.

One of the most important roles in protecting public health is to monitor the treated
water for the presence of microorganisms, as they can be a serious health hazard. This is
done by monitoring for the presence of indicator organisms — total coliforms and E. coli.

Fig 10.1 Microorganisms pose the greatest risk to health

Chemical parameters are generally a concern only when they are above the Maximum
Acceptable Concentrations specified in the Guidelines for Canadian Drinking Water
Quality. Some of these chemical parameters may not be health-based, but are important
to ensure the proper operation of the micro-system. To learn more, talk to a water
quality specialist and consult Health Canada’s website for technical documents
published for the different parameters.

This work book provides information about how a monitoring program is developed
and how to take samples in Chapter 8. Chapter 9 provides information on analysis and
reporting, which should also be discussed with the water quality specialist sharing the
responsibility for the micro-system. As indicated in Chapter 8, more information on
sampling can be found on the DVD training module entitled “Procedures for
Conducting Water Sampling in Federal Facilities”.

Water samples must be sent to an accredited laboratory for analysis. If this is not
possible and a portable test kit is being used, ensure that an appropriate quality
assurance or quality control protocol is in place. If there are any questions about the
results of the sample testing, contact the responsible water quality specialist or the
facility’s health and safety personnel right away. If the micro-system is located in a First
Nations community, call the environmental health officer.

Never assume that laboratory results are wrong or that any contaminants found in the
water are safe to drink. Microorganisms can be especially harmful to human health and
must be dealt with immediately. In the event of an emergency or when the water is
considered unsafe to drink, the appropriate wateradvisory should be issued immediately.



Never assume that laboratory results are wrong or that any contaminants found in the
water are safe to drink. Microorganisms can be especially harmful to human health and
must be dealt with immediately. In the event of an emergency or when the water is
considered unsafe to drink, the appropriate water advisory should be issued immediately.

10.5 Standard Operating Procedures

Standard Operating Procedures (SOPs) may have been prepared to guide all activities
related to the operation and maintenance of the micro-system. The SOPs are basically
a list of instructions to be followed to address a specific topic or issue. For example,
there may be an SOP on how often samples must be taken and where they are to be
sent. There should also be an SOP on how to issue a boil water advisory. There may also
be SOP on record keeping management. The number and extent of the SOPs will
depend on where the micro-system is located and who is responsible for that location.
These requirements will vary because the location could be a coast guard vessel, a
border crossing, a diplomatic mission abroad, an RCMP detachment, an Agriculture
and Agri-Food Canada site or a First Nations community. If available, follow the SOPs
specific to the department, facility or community.

10.6 Continuing Education

This training course provides the information essential to understand and operate a
micro-system. But taking the course does not make the student an expert. The
information from the course needs to be combined with hands on experience in order
to apply the knowledge. That combination of learning through doing, as well as learning
from taking this course, is an important part to any educational process. It is especially
important in the area of water quality where there are many interactive components to
consider.

As you gain more confidence in the area of micro-systems, it may be easy to think that
you have learned all you need to know, and are capable of dealing with any situation
that might arise. But part of being prepared is continuing education — ensuring that
your knowledge and skills are fresh and up to date. Here are some ideas to do just that.

«  Stay up to date on the Guidelines for Canadian Drinking Water Quality, and the
operation and maintenance of water treatment systems.

+ Familiarize yourself with the Health Canada website on water quality. Here you
will find many helpful resource documents and lots of ready-to-use information.

«  Develop partnerships with other facilities and communities that use micro-systems,
and find tools to help you implement sound drinking water management practices.

« Find out who provides training for Provincial water treatment system operators
near you, and see if there are courses that are interesting and useful.

«  Provincial health agencies generally provide information on water quality and may
be a useful resource in learning more about contaminants in water.

«  Provincial health agencies generally provide information on water quality and may
be a useful resource in learning more about contaminants in water.

Don’t take chances. Don’t take risks. The health of the people at your facility
or in your community is on the line. Ask questions. Get answers. And operate
your micro-system with confidence.
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10.7 Notes on Chapter 10
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Appendix A:

Guidelines for Canadian Drinking Water Quality - Summary Table

(From the Health Canada web site March 2011)

The Guidelines for Canadian Drinking Water Quality are updated regularly by the
Federal-Provincial-Territorial Committee on Drinking Water. Please consult the
following URL for the most recent version of the guidelines: http://www.hc-sc.gc.ca/
ewh-semt/pubs/water-eau/2010-sum_guide-res _recom/index-eng.php (link verified
March 2011)

Table 1: New and Revised guidelines

Parameter Guideline Previous CHE Approval

(mg/L) Guideline (mg/L)

Microbiological parameters?

Bacteriological 0 coliforms/
100 mL
E.coli 0 per 100 mL 2006
Total coliforms 0 per 100 mL 2006
Heterotrophic plate count No numerical 2006
guideline
required
Emerging pathogens No numerical 2006
guideline
required
Protozoa No numerical None 2004
guideline
required
Enteric viruses No numerical None 2004
guideline
required
Turbidity 0.3/1.0/0.1 1.0NTU 2004
NTU®
Chemical and physical parameters
Aluminum 0.1/0.2¢ None 1999
Antimony 0.006 None 1997
Arsenic 0.01 0.025 2006
Benzene 0.005 0.005 2009
Bromate 0.01 None 1999
Chlorate 1 None 2008
Chlorine No numerical None 2009
guideline
required
Chlorite 1 None 2008
Cyanobacterial toxins— 0.0015 None 2002
microcystin-LR
Fluoride 15 15 1996
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Parameter Guideline Previous CHE Approval
(mg/L) Guideline (mg/L)
Formaldehyde No numerical None 1998
guideline
required
Haloacetic Acids--Total (HAAS) 0.08 None 2008
2-Methyl-4-chlorophenoxyacetic | 0.1 None 2010
acid (MCPA)
Methyl tertiary-butyl ether 0.015 None 2006
(MTBE)
Trichloroethylene (TCE) 0.005 0.05 2005
Trihalomethanes--Total (THMs)¢ | 0.1 01 2006
Uranium 0.02 01 2000
Radiological parameters
Cesium-137 (*37Cs) 10 Bq/L 10 Bq/L 2009
lodine-131 (*3) 6 Bq/L 6 Bq/L 2009
Lead-210 (*°Pb) 0.2 Bg/L 0.1 Bg/L 2009
Radium-226 (*?°Ra) 0.5Bg/L 0.6 Bg/L 2009
Strontium-90 (°°Sr) 5 Bq/L 5 Bq/L 2009
Tritium (°H) 7000 Bq/L 7000 Bq/L 2009

2 Refer to section on Guidelines for microbiological parameters.

b Based on conventional treatment/slow sand or diatomaceous earth filtration/membrane
filtration.

¢ This is an operational guidance value, designed to apply only to drinking water
treatment plants using aluminum-based coagulants. The operational guidance values of
0.1 mg/L applies to conventional treatment plants, and 0.2 mg/L applies to other types
of treatment systems.

4 The separate guideline for BDCM was rescinded based on new science. See addendum to
the THM document. In certain situations, the Federal-Provincial-Territorial Committee on
Drinking Water may choose to develop guidance documents: for contaminants that do
not meet the criteria for guideline development, and for specific issues for which
operational or management guidance is warranted.

Table 2: Health-based and aesthetic guidelines for chemical/physical parameters

Parameter MAC (mg/L) A0 [or 0G] Year of Approval (or
(mg/L) reaffirmation)

Aldicarb 0.009 1994

Aldrin + dieldrin 0.0007 1994
Aluminuma [0.1/0.2] 1998
*Antimony® 0.006 1997

Arsenic 0.01 2006
*Atrazine + metabolites 0.005 1993
Azinphos-methyl 0.02 1989 (2005)
Barium 1 1990
Bendiocarb 0.04 1990 (2005)
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Parameter MAC (mg/L) AO [or 0G] Year of Approval (or
(mg/L) reaffirmation)
Benzene 0.005 2009
Benzo[a]pyrene 0.00001 1988 (2005)
*Boron 5 1990
*Bromate 0.01 1998
*Bromoxynil 0.005 1989 (2005)
Cadmium 0.005 1986 (2005)
Carbaryl 0.09 1991 (2005)
Carbofuran 0.09 1991 (2005)
Carbon tetrachloride 0.005 1986
Chloramines—total 3 1995
Chlorate 1 2008
Chloride <250 1979 (2005)
Chlorite 1 2008
Chlorpyrifos 0.09 1986
Chromium 0.05 1986
Colour? <15 TCU 1979 (2005)
Copper® <1.0 1992
*Cyanazine 0.01 1986 (2005)
Cyanide 0.2 1991
Cyanobacterial toxins- 0.0015 2002
Microcystin-LR¢
Diazinon 0.02 1986 (2005)
Dicamba 0.12 1987 (2005)
1,2-Dichlorobenzene® 0.2 <0.003 1987
1,4-Dichlorobenzene® 0.005 <0.001 1987
*1,2-Dichloroethane 0.005 1987
1,1-Dichloroethylene 0.014 1994
Dichloromethane 0.05 1987
2,4-Dichlorophenol, 0.9 <0.0003 1987 (2005)
*2,4-Dichlorophenoxyacetic | 0.1 1991
acid (2,4 -D)
Diclofop-methyl 0.009 1987 (2005)
*Dimethoate 0.02 1986 (2005)
Dinoseb 0.01 1991
Diquat 0.07 1986 (2005)
Diuron 0.15 1987 (2005)
Ethylbenzene <0.0024 1986 (2005)
Fluoride 15 1996
*Glyphosate 0.28 1987 (2005)
Haloacetic Acids-Total (HAAs) | 0.08 2008
Iron <0.3 1978 (2005)
Lead® 0.01 1992
Malathion 0.19 1986 (2005)
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Parameter

MAC (mg/L)

AO [or 0G]

(mg/L)

Year of Approval (or

reaffirmation)

Manganese <0.05 1987
Mercury 0.001 1986
Methoxychlor 0.9 1986 (2005)
2-Methyl-4- 0.1 2010
chlorophenoxyacetic acid

(MCPA)

Methyl tertiary-butyl ether 0.015 2006
(MTBE)

*Metolachlor 0.05 1986
Metribuzin 0.08 1986 (2005)
Monochlorobenzene 0.08 <0.03 1987
Nitratef 45 1987
Nitrilotriacetic acid (NTA) 0.4 1990

Odour Inoffensive 1979 (2005)
*Paraquat (as dichloride)s 0.01 1986 (2005)
Parathion 0.05 1986
Pentachlorophenol 0.06 £0.030 1987 (2005)
pH" 6.5-8.5 1995
Phorate 0.002 1986 (2005)
*Picloram 0.19 1988 (2005)
Selenium 0.01 1992
*Simazine 0.01 1986
Sodium’ <200 1992
Sulphate’ <500 1994
Sulphide (as H.S) £0.05 1992

Taste Inoffensive 1979 (2005)
Temperature <15°C 1979 (2005)
*Terbufos 0.001 1987 (2005)
Tetrachloroethylene 0.03 1995
2,3,4,6-Tetrachlorophenol 01 <0.001 1987 (2005)
Toluene £0.024 1986 (2005)
Total dissolved solids (TDS) <500 1991
Trichloroethylene 0.005 2005
2,4,6-Trichlorophenol 0.005 <0.002 1987 (2005)
*Trifluralin 0.045 1989 (2005)
Trihalomethanes-total 01 2006
(THMs)«

Turbidityl 2004
*Uranium 0.02 1999

Vinyl chloride 0.002 1992
Xylenes—total <0.3 1986 (2005)
Zinc® <5.0 1979 (2005)
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2 This is an operational guidance value, designed to apply only to drinking water treatment
plants using aluminium-based coagulants. The operational guidance values of 0.1 mg/L
applies to conventional treatment plants, and 0.2 mg/L applies to other types of treatment
systems.

® Faucets should be thoroughly flushed before water is taken for consumption or analysis.

¢ The guideline is considered protective of human health against exposure to all
microcystins that may be present.

4 TCU = true colour unit.

¢ In cases where total dichlorobenzenes are measured and concentrations exceed the most
stringent value (0.005 mg/L), the concentrations of the individual isomers should be
established.

f Equivalent to 10 mg/L as nitrate-nitrogen. Where nitrate and nitrite are determined
separately, levels of nitrite should not exceed 3.2 mg/L.

& Equivalent to 0.007 mg/L for paraquat ion.
" No units.

"1t is recommended that sodium be included in routine monitoring programmes, as levels
may be of interest to authorities who wish to prescribe sodium-restricted diets for their
patients.

I There may be a laxative effect in some individuals when sulphate levels exceed 500 mg/L.

K Expressed as a running annual average. The guideline is based on the risk associated with
chloroform, the trihalomethane most often present and in greatest concentration in
drinking water.

' Refer to section on Guidelines for microbiological parameters for information related to
various treatment processes.
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Appendix B:

Units, Conversions and Sample Calculations

SI Unit: Multiply By: To Get:

Length

mm millimetre 0.04 inch in
cm centimetre 0.394 inch in
m metre 3.28 feet ft
m metre 11 yard yds
km kilometre 0.62 mile mi
Area

cm? square centimetre 0.16 square inch in?
m? square metre 1.2 square yard yd?
km? square kilometre 04 square mile mi?
ha hectare (10,000m?) 2.5 acre acrs
Volume

mL millilitre 0.03 fluid ounce floz
I, L litre 2.1 pint pt
I, L litre 1.06 quart qt
I, L litre 0.26 gallon gal
m3 cubic metre 35.0 cubic feet ft3
m?3 cubic metre 13 cubic yard yd?
Flow

L/s litre/second 15.85 gallons/minutes ﬁﬁg
Weight

g gram 0.035 ounce o0z

kg kilogram 2.2 pound Ibs
Temperature

°C Celsius 1.8 and then add 32 | Fahrenheit °F
Pressure

kPa kilopascals 0.145 pounds/in? psi
B Bar (at sea level) 145 pounds/ in? psi
B Bar (at 1000 feet above sea level) | 14.1 pounds/ in? psi
B Bar (at 2000 feet above sea level) | 13.67 pounds/ in? psi




Conversion Factors

Water Quality 101

105

1 ft3 water = 62.4 Ibs

1 ft®> water = 28.317L

1L water = 1kg**

lyd3= 2713

1acre = 43,560 ft?

lpsi= 2.31 feet of water
1mg/L= 1 ppm

1% = 10,000 mg/L ***
1 grain/US gallon = 17.118 mg/l

1HP= 550 ft-Ibs/sec
1HP= 0.746 kilowatts
1 kilowatt = 1.34 HP

n(Pi) = 3.1416

** Note that this converts volume of water to weight of water

*** @.8. 5% bleach solution = 50,000 mg/L

Conversion Factors

US Gallons Imperial Gallons

1 ft3 water = 7.48 gal 6.23 gal

1 litre = 0.264 gal 0.22 gal

1 gal water = 8.34 Ibs 10.0 Ibs

1 MGD* = 694.4 gpm 694.4 gpm
1 MGD = 1.547 cfs 1.858 cfs
1gpm-= 0.00223 cfs 0.00268 cfs
lcfs= 448.83 gpm 373.8 gpm

*MGD = million gallons per day
* gpm = gallons per minute

* cfs = cubic foot per second
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Power of 10 € notation Decimal Equivalent Prefix/Symbol
10t E+12 1,000,000,000,000 tera T
10° E+09 1,000,000,000 giga G
10¢6 E+06 1,000,000 mega M
103 E+03 1,000 kilo k
10° E+02 100 hecto h
10 E+01 10 deka da
107 €-01 0.1 deci d
10 €-02 0.01 centi ¢
103 E-03 0.001 milli m
10°® €-06 0.000,001 micro u
10° E-09 0.000,000,001 nano n
1072 E-12 0.000,000,000,001 pico p
107> E-15 0.000,000,000,000,001 femto f
1018 E-18 0.000,000,000,000,000,001 | atto a

Sample Calculations

Example Conversions:

Using the conversion tables above, here are a few examples of typical conversions.

Problem: Convert 4 L/s (litres per second) to USGPM (US gallons per minute)
Solution: 4L/sx0.264 US gallons / L x 60 seconds / minute = 63.4 USGPM

Problem: Convert 10 grains / US gallon hardness to ppm

Solution: 10 grains/US gallonx 17.118 mg/L / 1 grain/US Gallon
=172 mg/L =172 ppm

Problem: Convert 3% (0.75) HP (motor rating) to kilowatts
Solution: 0.75 HP x 0.746 kilowatts / HP = 0.56 kilowatts (560 watts)

Problem: Convert 10 ft’ to litres and weight in kilograms
Solution: 10ft*x28.317L /ft*=283.2L
2832Lx1kg/1L=2832kg
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Dilution:

Preparing a disinfecting solution for cleaning.

Assuming that 200 mg/L is a good concentration for cleaning surfaces, and you wanted
to make 4 litres of this solution in a pail, how much 5% bleach solution would you need

to add?
Again, this question uses the dilution formula:

V1xCl1=V2xC2

Which can be rearranged to solve for the unknown, V1:
V1=V2xC2/Cl

Therefore V1 =4 Lx200mg/L / 50,000 mg/L =0.016 L =16 ml (roughly 3 teaspoons)

Adding 16 ml of 5% bleach solution to 4 litres of water will dilute the concentrated
solution to give a final concentration of 200 mg/L (200 ppm).

Flow Rate:

The manufacturer’s recommended treatment capacity for a multimedia filter in the
micro-system treatment train is 5,000 US gallons. After the filter has treated that
volume, it must be cleaned by a simple backwash, a process where the flow in the filter
is reversed. If the average flow rate through the filter is 1.2 USGPM, what would be the
setting for the electric timer that controls the start of each backwash cycle?

Flow is a measure of volume per unit of time, mathematically expressed as:
Q=V /T where:

Q = flow rate

V = Volume

T =Time

This formula can be rearranged to be expressed as either in time or volume:

T=V/QorV=QxT

The example is looking for a time answer, so the solution would be:

T =V /Q=5,000 (US) gallons / 1.2 USGPM = 4,167 minutes = 69 hours 27 minutes
or about 2 days 21 % hours.
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Sample General Questions

Question 1

Which source of water would be the most likely to contain potentially harmful
micro-organisms?

Lakes and streams

a
b. Water from deep wells

c. Bottled water
d. Municipal distribution.
Question 2

In the Hydrological Cycle, the process where water soaks into the ground is called.
a. Evaporation
b. Infiltration
c. Run-off

d. Condensation.

Question 3

What are the main sources of harmful waterborne bacteria that can cause health issues
in humans?

Plants

a
b. The digestive tracts of humans and animals

c. Deep aquifers
d. Run-off water.
Question 4
Viruses can travel long distances in aquifers.
a. True
b. False
Question 5

Hardness in water is caused by:
Calcium or Magnesium ions

a.
b. Manganese or Iron ions

o

Alow pH value
A high turbidity value.

o



Question 6

Alkalinity is a measure of:

a. 'The number of Hydrogen ions in the water
b. The ability of water to buffer against changes in pH
c. 'The percentage of alkaline ions in the water
d. The presence of dissolved alkaline salts.
Question 7
A settling tank is a device to provide:
a. Chlorination
b. Clarification
c. UV Disinfection
d. Monitoring capability.
Question 8

Shock chlorination is intended to:

a.
b.

C.

d.

Remove suspended solids
Kill microorganisms
Remove calcium ions

Reduce turbidity.
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Answers to Sample General Questions

Answer to Question 1

The correct answer is a: Lakes and streams. Surface water bodies can potentially be
contaminated by animal waste, decaying plants, and industrial and agricultural
operations.

Answer to Question 2

The correct answer is b: Infiltration.

Answer to Question 3
The correct answer is b: In the digestive tracts of animals.

The digestive tracts of humans and animals are the main source of bacteria that cause
waterborne illnesses, and these bacteria can be found in feces

Answer to Question 4

The correct answer is a: Viruses in aquifers can be transported far from the original site
of contamination.

Answer to Question §

The correct answer is a: Calcium and Magnesium ions from natural geologic deposits
like limestone or dolomite are dissolved into the water and increase the hardness.

Answer to Question 6

The correct answer is b: Adding chemicals to water can cause large swings in pH. A higher
alkalinity suppresses these large swings, and makes water pH control easier for you.

Answer to Question 7

The correct answer is b: Clarification. A settling tank allows heavier suspended solids to
settle out.

Answer to Question 8

The correct answer is b: Kill or inactivate microorganisms. With the appropriate contact
time this should adequately kill any biological activity in the water line.
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Appendix C;

Cleaning a Bottled Water Dispenser

The following instructions are for cleaning a cold water cooler with an exposed reservoir
or no-spill device. They are from the Health Canada web site. Check the web site
periodically to see if changes have been made to these instructions.

To clean the reservoir:
Unplug cord from electrical outlet of cooler. Remove empty bottle.
Drain water from stainless steel reservoir(s) through faucet(s).

If there is a removable baffle and/or no-spill device, remove it. You should be able to
see into the reservoir.

Prepare a disinfecting solution by adding one tablespoon (15 mL) household bleach to
one Imperial gallon (4.5 L) of water solution. Use a “food grade” bleach. Some
commercially available household chlorine bleaches contain fragrances, thickeners or
other additives not approved for food use. Do not use scented or colour-safe bleaches.

Bleach decreases in effectiveness with age, so it is recommended to use bleach purchased
less than four months ago. Older bleach may not be strong enough to achieve
disinfection.

Some companies suggest using one part vinegar to three parts water solution to clean
the reservoir of scale before cleaning with bleach. Check your manual. Other disinfecting
solutions may be suitable. Please check with your water cooler supplier/manual.

Pour the bleach/other disinfection solution into the reservoir.

Wash reservoir thoroughly with bleach solution and let stand for not less than two
minutes (to be an effective sanitizer) and not more than five minutes (to prevent
corrosion). Use a clean dish-type scrub brush to clean the inside of the reservoir. Do
not use steel wool, Brillo, or other abrasives on the reservoir as it will scratch the finish
and make it easier for bacteria to grow.

Drain bleach/disinfection solution from reservoir through faucet(s). Rinse reservoir
thoroughly with clean tap water, draining water through faucets, to remove traces of the
bleach/disinfection solution. Rinse and dry the baffle / no spill device and replace. You
may need to rinse the reservoir more than once to remove the taste and odour of
chlorine.

To clean the drip tray (located under faucets):
Lift off drip tray.
Remove the screen and wash both tray and screen in mild detergent.

Rinse well in clean tap water and replace on cooler.
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To replace bottle:

Wash hands with soap and warm water before handling. If you choose to use clean
protective gloves (ex. latex), discard or disinfect after each use and prior to reuse.

Note : Protective gloves should never replace proper hand washing and hygiene.

Wipe the top and neck of the new bottle with a paper towel dipped in household bleach
solution (1 tablespoon (15 ml) of bleach, 1 gallon (4.5 L) of water). Rubbing alcohol
may also be used, but must be completely evaporated before placing the bottle in the
cooler

Remove cap from new bottle without touching the surface of the opening to avoid any
contamination.

Place new bottle on cooler.



Appendix D:

Frequently Asked Questions

Will a water filter disinfect my water?

No, filters can remove a lot of the microbial organism that can cause illness but it will
not disinfect your water. Disinfection can only be achieved when you use technologies
like ozone, chlorination and UV. For more information on disinfection see Module 5 or
the DVD on disinfection.

How often should we be sampling for microbiological parameters?

There are many factors to consider when putting a sampling program in place. The
source of the water, number of people being served, and the type of disinfection used
all need to be considered before putting a sampling program in place. For additional
information on monitoring consult the following document “Guidance for Providing
Safe Drinking Water in Areas of Federal Jurisdiction”.

Is it necessary to boil all water during an advisory or order?

During boil water advisories or boil water orders, you should boil all water used for
drinking, preparing food , beverages, ice cubes, washing fruits and vegetables, or
brushing teeth. Severely immunocompromised individuals should always boil their tap
water for the purposes noted above. Infant formulas should be prepared using boiled
tap water at all times. In the event that boiling is not practical, your local public health
authority or other responsible authority may direct you to disinfect the water using
household bleach, or to use an alternative supply known to be safe.

It is not necessary to boil tap water used for other household purposes, such as
showering, laundry, bathing, or washing dishes. Adults, teens, and older children can
wash, bathe, or shower; however, they should avoid swallowing the water. Toddlers and
infants should be sponge bathed.

(Health Canada - http:// www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/boil-ebullition-
eng.php)

My chlorine reading is low at some locations — what should I do?

If the building is supplied with municipal water, assuming chlorine residual is acceptable
at other locations, retest the site in question. If results are low at the location where the
water enters the building contact the water supplier (city/municipality).

If residual disinfectant is added on site — check disinfection equipment.

If disinfectant residual is repeatedly low, flushing lines may be in order and review the
water use patterns (ie stagnating water due to low water use)
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The water at our facility normally tastes fine, this morning the water tasted bad.
What should we do?

In the case of municipally supplied water you should contact your water authority
immediately. If you produce your own water on site there may be an issue with your
source water or perhaps your treatment system is not working properly. You should
contact your water quality specialist and investigate the cause of the problem. If the
problem can not be repaired quickly an alternate source of drinking water should be
provided.

The water looks cloudy when I fill my glass and then clears as it sits - is this safe
to drink?

The cloudy water is caused by tiny air bubbles in the water. The pressure in the pipes
causes the air to dissolve into the water. When the water comes out of the tap, it is no
longer under pressure and the air that was dissolved in the water, comes out of solution
forming very tiny bubbles. When poured into a glass, the cloudy water will start to clear
from the bottom up - with the clear water slowly moving upward.

This type of cloudiness occurs most often in the winter when the drinking water is cold,
if there is an aerator on the tap or if service has been done to a line. The water is still safe
to drink.

My building is very old, does that mean there is lead in my drinking water?

Not necessarily. A water analysis can determine if there is lead in your water. The
presence of lead in drinking water depends on several factors:

+  Age of the distribution system - Older systems may have lead service lines (not
typical in buildings), solder or fittings (taps, valves) that contain lead.

«  Water chemistry — how aggressive the water is will determine if lead will leach out

of the plumbing.

«  Thelength of time water sits in the pipes — Lead levels in the water will increase as
it sits, or stagnates, in the pipes when the water is not used for several hours, such
as overnight or during working hours. Taps that are used frequently will be less
likely to contain lead in the water.

«  Whether your water supplier has a corrosion control program in place.

I requested a total coliform test from a lab but I received the results that atypical
bacteria overgrowth and E. coli as zero. Why wasn’t total coliform reported?

Some labs use a membrane filtration procedure to test the water for total coliform but
when this procedure is used the overgrowth of atypical bacteria can block the detection
of total coliform however another media is used for E. coli therefore it can be reported.
Below are the suggested actions:

1. Resample but request an absence/presence test for total coliform.

2. Ifthe sample results in reported exceedances (presence) of total coliform, the next
step is to shock chlorinate the system, resample and request a total coliform count
or a P/A test.



Who samples bottled water?

As part of its enforcement role, the Canadian Food Inspection Agency can inspect
bottled water products, labels and establishments (conveyances, equipment etc.)
involved in the sale, manufacture and distribution of bottled water. In addition, some
provincial and municipal ministries and agencies may inspect bottled water. If your
facility relies on bottled water as its main source of drinking water you should ensure it
meets the requirements of the Guidelines for Canadian Drinking Water Quality.

I have a new UV system and it is operating as required by the manufacturer but I
still have total coliform in the water sample from the sample port immediately
after the UV. What should I do?

1. Resample but ensure that you disinfect the sample spigot as outlined in the water
sampling video.
2. Check the Ultraviolet Transmittance (UVT) of the water. This is the ability for the

water to allow the UV to work effectively. The testing for this parameter is usually

done by alab.
Make sure that there is a 5 micron pre-filter to the UV.

4. Contact your water quality specialist.

The indicator light on my UV unit is on, what do I do?

The bulbin your UV unit mayneed replacement. The bulb graduallylosesits disinfecting
capabilities over time. If you are not familiar with the procedure you need to follow to
replace the UV bulb contact the manufacturer or your water quality specialist.

Note that not all UV units have an indicator light or alarm. In these situations you
should be changing your bulb at least once a year. When you change the bulb you
should also clean the quartz sleeve surrounding the bulb.

How long do Granular Activated Carbon (GAC) or carbon based filters last?

Depending on the quality of water coming into a GAC, it could effectively do it’s
intended job for two months, one year, two years or longer. Typically the filter is located
near the end of the treatment train to deal with odour, taste, pesticides and dissolved
organic matter issues. Treating raw surface water without any pre-treatment will use up
the carbon filter in a shortamount of time, as a result the carbon will have to be replaced.

In a well designed treatment train the carbon filter should last a long time. Regular
sampling and analysis or when there is a noticeable change in taste or smell can indicate
that a carbon filter should be inspected or replaced. If the carbon filter is located near
the beginning of the treatment train and is removing more concentrations of organic
material, constant inspection of the filter is required to ensure it is not all used up.

Acarbonfilter, wherethe carbonisspentandisnotoperatingaccordingto manufacturer’s
specifications or a carbon filter that was improperly sized can negatively impact the
water quality. Microbiological growth will form on the carbon and will be passed on to
the end-user of the water.
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What is cross connection control?

This is an existing or potential connection between a potable water system and any
other environment that under any circumstance can enter the potable water system.

How often are testable backflow devices checked?

Testable backflow devices such as a Reduced Pressure Principle Backflow (RP), Double
Check Valve Assembly (DCVA), Pressure Vacuum Breaker (PVB) or Spill Resistant
Pressure Vacuum Breaker must be tested:

« Upon installation

« Annually

« Ifrelocated

o If plumbing in the area of the backflow device is undertaken

o After routine maintenance

I have a very small water distribution system (micro-system) and the facility is a
single story building with just a few employees. Do I need to know about cross
connection control?

Most municipalities will require a form of cross connection control for even a low risk
(minor) water system. It is important to understand what is needed to meet the local
bylaws and the applicable plumbing codes. Contact your municipality and a local
certified cross connection control specialist for more information.



This product was created as a training tool by the federal Interdepartmental
Water Quality Training Board to provide information on water quality
management methods for potable water systems that serve up to and
including 25 people. These are called “micro-systems”, and are in place

at a variety of locations including remote federal facilities, ships, embassies,
and First Nation communities.
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