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1.0 Introduction

The District wishes to consider options for providing year round bulk water to tanker trucks. The
assessment is to specifically consider commercial use of the bulk water system to supply water
to properties located in future subdivisions within the District boundary.

2.0 Expected Water Demand

2.1 Likely Water Consumption

The expected demand for bulk water within the District and surrounding areas has been estimated
based on feedback from local water haulers. Hauled water is primarily used for

= Roading and other construction

= Livestock supply

= Cistern filling for agriculture and irrigation
= Hot Tub and swimming pool fills

= Fire fighting

= Parking lot cleaning

= Potable water cistern filling

Hauled potable water in Barriere typically comes from one of the City of Kamloops dispensing
stations at a cost of $2.28/m3. This rate has not been updated for some time (2012). For
comparison, the Village of Valemount charges $100 for a 3,500 gallon truck ($7.50/m3).

As such, at present, the cost of water does not necessarily represent a significant cost to water
haulers compared to the trucking costs. This means that demand will be based on proximity to
where the water will be used. It will also depend on seasonal weather conditions. At peak times,
M&M Water Services (Barriere) can haul 20 — 30 loads in a day. Their fleet has capacities of
14,000L and 22,000L. In round numbers a daily demand of 500m? is possible if the work was local
to Barriere. Haulers also operate out of Kamloops and other locations servicing the Barriere area.
They will also use the water, but the quantities are expected to be a small fraction of the total.
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2.2 Impact of District Water Capacity

2.2.1 Current and Expected Demand

The District water supply has been constrained by limited surplus capacity. Summer demand has
been reducing with the impact of universal water metering (2012), and the implementation of
volumetric charging (February 2021). Volumetric charging has led to the Gilbert Smith Forest
Products mill reverting to the river for their process water supply.

Residential demand also fell in 2021. In part this is because lawn watering was banned in 2020
and 2021 due to concerns over the condition of Deep Well 2. However, the watering ban is not
intended to be permanent.
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FIGURE 2-1: BARRIERE AVERAGE DAILY WATER CONSUMPTION BY MONTH

There is expected to be an upward trend in water demand from increasing population. Census
population was 1773 in 2011 and 1713 in 2016. The results of the 2021 census are not currently
available. Nevertheless, BC Stats have estimated significant growth in the years 2017, 2018 and
2019 as shown in Figure 1-2. This is consistent with permits issued for construction within the
District boundary [District to confirm].
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FIGURE 2-2: BARRIERE ESTIMATED POPULATION (BC STATS, 2021)

A range of population growth scenarios were calculated for the Water Master Plan (Table 2-1).
Based on past monthly flow data and population growth projections, a design MDD of 60L/s (5,200
m3/d) was selected for water projects in Barriere (year 2040). While Maximum Daily Demand will
be based on both population and the number of occupied properties, it has been assumed that
both will increase at a similar rate.

TABLE 2-1: FUTURE POPULATION PROJECTIONS

Growth Rate \ 2025 2040
0.25% 1790 1858
0.5% 1817 1958
2% 1985 2672
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2.2.2 \Water Availability

At present the quantity of water available to the main municipal area is less than the design flow
(year 2040) if aesthetic water quality issues are to be avoided. This may be resolved by retesting
Spruce Crescent Deep Well 3 at a higher flow and addressing water quality issues with water
from Spruce Crescent Deep Well 1 or the two Bradford Park Wells.

TABLE 2-2: CURRENT WATER AVAILABILITY TO MAIN MUNICIPAL AREA

Source name Practical

Yield Description
Spruce Crescent Backup well with aesthetic quality
28 L/s :
Deep Well 1 issues.
Spruce Crescent 50 L/s Aging well to become backup to
Deep Well 2 DWa3. Draws from same aquifer as
DW3.
New well to be operated as primary
Spruce Crescent 44 L/s’ water source when control system
Deep Well 3
completed.
Bradford Park 12 LJs Backup well with aesthetic quality
Production Well 1 issues and vulnerability to sand
intrusion.
Bradford Park 12 Ls Backup well with aesthetic quality
Production Well 3 issues and vulnerability to sand
intrusion.

Heavy use of a bulk water dispenser may have an adverse impact on District water capacity
during periods of maximum demand. Unfortunately, the peak demand for trucked water coincides
with peak consumption in the community. This means that a system based on the Spruce
Crescent wells would put the community water supply at risk.

The use of the Bradford Park wells is feasible. The taste and colour of the water was found to be
objectionable when the source was last used, leading to many complaints. The wells are currently
being held in reserve as an emergency source. The wells are also prone to sand production if
they are over pumped or brought online too quickly. As a result, they could not be operated to fill
a truck directly. In order to protect the wells, a reservoir designed to comfortably hold 1 — 2 days
of use would be needed. This would be built on an earth platform placed above the 200 year flood
level (i.e. at the elevation of the pump house). There would also need to be facilities for access
by trucks. The existing asphalt apron may be used. Unfortunately, being a public park, this area
is not well suited to regular truck traffic and utility infrastructure beyond what is there already.

' Western Water Associates Ltd estimate the sustainable yield of Well 3 (upper screen only) as 67 L/s. This
exceeds the testing flow of 37 L/s. Therefore, the well yield is conservatively estimated as 44 L/s. This yield
rating could be increased if the well is tested at a higher flow.
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Given the poor water quality, vulnerability of the wells, capital costs and impact on park users,
this option is not recommended.

The District also holds licenses to take water from Leonie Creek and the Barriere River. However,
there is no intake or water treatment system in place for either source. The District also owns
shallow wells on Birch Lane which have capacities of 4 L/s and 10 L/s. Surface water (including
the shallow wells) requires treatment to achieve the Interior Health 4-3-2-1-0 treatment objectives.
The water from the shallow wells is classified as surface water and does not meet these
objectives. As a result, the shallow wells are no longer in use. The use of surface water (including
the shallow wells) would attract a high capital cost and would require a great deal of time from
utilities staff, compared to the existing wells, where the only treatment required is chlorination.
Surface water treatment would also call for operators qualified to operate the system. At this
stage, a District operated bulk water system is not recommended. A specific design study would
be required if the use of the shallow wells, or the river sources, were to be considered further.

Another available water source is the Louis Creek system. This water system has a limited potable
water supply as well as a non-potable firefighting supply stored in an open reservoir. Existing well
capacity is not significantly greater than the estimated water demand at buildout. A second well
and potable water storage reservoir will be required to provide capacity for a bulk water filling
station. Upgrades to the existing open reservoir were compared to a new reservoir in a recent
study?. The Louis Creek source has a number of advantages;

o The quality of the water is acceptable without further treatment.

e This source is separate from the community water system, so a bulk filling station does
not take capacity away from the main water supply.

e The site is an industrial park and is well suited to regular truck traffic without restriction.

TABLE 2-3: CURRENT WATER AVAILABILITY TO LOUIS CREEK INDUSTRIAL AREA

Source name Practical Description

Yield

Louis Creek Well 3.21L/s Requires a new well and a reservoir

2 TRUE Consulting. Louis Creek Industrial Park — Reservoir Improvement Options. April 8, 2021
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3.0 Deliveries to Potable Water Cisterns

3.1 Deliveries

While unusual, there are communities that rely on trucked water deliveries for potable water.
These appear to be more common in the northern climate, such as in Alaska, the Yukon and
Northern Alberta. Such systems are not common in the Central Interior of BC. Most local water
tanker services shut down for the winter months as the trucks are not heated and there is little
local demand for the service. In addition, most local water trucks are not certified as potable
because they take water from ponds and rivers, as well as municipal supplies. Trucks can also
become busy in fire season and may have to prioritize fire work. Nevertheless, the local Barriere
water hauling company (M&M Water Services) have indicated that they operate potable tankers
and can deliver water during winter.

The bulk water dispenser would improve the feasibility of a proposed Strata development on
Dixon Creek Road, which is within the District boundary. The area is outside the water distribution
area and costs for an extension of the municipal water system are prohibitive. Costs for a local
water system are also expected to be very high and the nearest water source would be located
outside the development.

The proposed development consists of approximately 40 lots. Average water consumption for a
trucked water system is estimated to be of the order of 300 liters per person per day (similar to a
metered water system). Use of trucked water for lawn irrigation seems unlikely due to the cost.
Based on three people per household, the community consumption would be around 30 — 40
m3/d. The cost to a three-person household would be in the range of $2,000 - $3,000 per annum
based on a cost of $120 per 14 m? truck load.

Bulk water deliveries are priced based on a rate for the water plus the time taken. For the purposes
of estimating costs to water users, it has been assumed that the trucked water base charge will
be $50, and the time charge will be $125 per hour and more than one cistern can be filled on a
journey. If no bulk water filling station is constructed and the water comes from Kamloops, it is
estimated that the fee would increase to around $300 per load.

For comparison, the estimated combined annual household costs would roughly pay for a $3
million dollar conventional water system (based on a 50 year loan at 3% interest). If the water
were to come from Kamloops this would increase to around $7 million.
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3.2 Legal Opinion

A legal opinion has been provided by Rahul Ranade (Lidstone & Company). This should be read
separately but key points related to the engineering and operation of the system are interpreted
as follows;

= The District Subdivision Bylaw requires each parcel created to have either a groundwater
well on site, a connection to the District piped water system or authority to divert domestic
surface water.

= The District is not legally obligated to provide water outside of the existing water service
areas within the District.

= The responsibility for the continued supply of bulk water should end at the dispenser.

= A bulk water supply bylaw should be enacted which lays out the limitations of the service
provided by the District.

3.3 Interior Health Requirements

We have discussed a bulk filling station with the Interior Health Authority. We have confirmed that;

e A construct ion permit will only be required for the bulk water filling station itself.

o The District would not be responsible for how the water is used after it is collected and
transported.

e The water hauler must have a permit from Interior Health in order to deliver potable water.

An Interior Health construction permit is not required by the developer unless water is delivered
to multiple lots by a piped water system. Interior Health would not view the 40 lot development
with cisterns on each lot as a community water system.

3.4 Building Permit Requirements

Approval of a private water system supplying a building on a private lot is regulated by the building
permit process. As such, the water systems installed will need to meet code and there will need
to be separation between the potable and non-potable water. The bulk water delivery system
discussed in this report would provide potable water to a potable water cistern.

It is assumed that the rainwater storage system proposed by the Strata developer would feed a
separate non-potable storage tank. The risks with rainwater harvesting systems are described by
the BC Centre for Disease Control® (See Appendix 2). It would be feasible to use the rainwater

3 BC Centre for Disease Control. Rainwater Harvesting for Non-potable Use and Evidence of Risk Posed
to Human Health. 2011.
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stored in a non-potable cistern for toilet flushing and other non-potable applications. Such a
design has become popular for environmentally friendly buildings. Similarly, grey water can be
collected in a non-potable cistern for certain types of reuse. The regulation of this practice makes
it challenging to implement in BC*.

Advice from the District of Barriere Building Inspector is that... [to be completed based on
discussion with Building Inspector]

4 BC Ministry of Health. Health Information: Grey Water Re-Use. September 2017
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4.0 Bulk Water Station Concept Design

4.1 Potential Locations

A bulk water dispenser needs to be located in a location

e Supplied with potable water,
e Accessible to trucks, and
o Where truck traffic would not adversely affect residents.

The only potable water sources operated by the District are the wells at Spruce Crescent, Bradford
Road and Louis Creek. Based on analysis earlier in this report, three potential locations for a bulk
water station have been identified;

= Adjacent to the Fire Hall (Barriere Town Road)
= Septage Receiving Facility (Kamloops Street)
= Louis Creek Industrial Park (Agate Bay Road)

The first two are located inside the main municipal area and would take water from the main water
system. The Louis Creek location would allow for water to be taken from a separate aquifer. The
Louis Creek source is recommended in order to avoid impact on the Barriere community.
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4.2 Dispenser Design Requirements

4.2.1 Examples

The City of Williams Lake installed a pre-packaged dispenser (Birksco TFS-3-A-M3 Single Outlet
Commercial Bulk Water Station) next to the sani-station at the Stampede grounds in 2012. Users
pre-purchase credit for bulk water on a reusable card. They can go to the bulk water station at
any time and swipe the card to access water.

FIGURE 4-1: WILLIAMS LAKE WATER DISPENSER, STAMPEDE GROUNDS
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The City of Kamloops has the same make and model dispenser installed at the Mission Flats
sani-station and at the recycling depot on Bunker Road.

FIGURE 4-2: CITY OF KAMLOOPS WATER DISPENSER, MISSION FLATS ROAD
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A Flowpoint Environmental Systems bulk water dispenser system was installed in 100 Mile
House for year round use in 2017.

FIGURE 4-4: DISTRICT OF 100 MILE HOUSE BULK WATER DISPENSER, HORSE LAKE ROAD
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5.0 Expected Costs

5.1 Dispenser System Costs

Given that most District of Barriere taxpayers receive limited benefit from a bulk water filling
station, it is recommended that the subdivision developer should pay the full cost of design and
construction of the bulk water dispenser. This reduces financial risk and limits the impact on the
District’s annual operating balance.

The Class D cost estimate for the installation of an automated dispenser unit adjacent to the Fire
Hall is $194,000. There would be some additional costs for asphalt reinstatement at the Septage
Receiving Station site.

Class D estimate (£+50%): A preliminary estimate which, due to little or no site information,
indicates the approximate magnitude of cost of the proposed project, based on the client's
broad requirements. This overall cost estimate may be derived from lump sum or unit costs for
a similar project. It may be used in developing long term capital plans and for preliminary
discussion of proposed capital projects.

5.2 Development Cost Charges

Given the pressure on the existing capacity of the community water system, it is recommended
that a bulk water system does not connect to it.

The District of Barriere recently completed a water master plan. The plan identified that existing
sources are barely sufficient for current demand and new sources will be needed to meet
predicted 2040 demand. The expected consumption from the bulk water system will accelerate
the need for a new source. Fees charged for the supply of bulk water would not cover the cost of
a new source. This would be the function of development cost charges.

If the bulk water system were to be connected to the main water system, it is recommended that
the new source be in service prior to the commissioning of the bulk water system.

There are other source options that could be investigated for funding by development cost
charges.

o Bradford Park backup wells. This water is safe for human consumption but there are
aesthetic water quality issues. The wells could be connected to a treatment system located
at Spruce Crescent which would require upgrades before it could be used.

BuLK WATER FEASIBILITY STUDY
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o Fourth Well at Spruce Crescent. A new well was recently installed at Spruce Crescent.
Depending on the interaction between wells, the District may add capacity by constructing
a fourth well at this location

o Louis Creek Reservoir and Well. As described in Section 2.2.2, a new well and reservoir
could be constructed at Louis Creek.

It has been recommended that the bulk water dispenser be located at Louis Creek. The reservoir
cost as of early 2020 was estimated as $1,066,000. The bulk water system would trigger the
requirement for this reservoir and would need to fund its construction. As it is not likely that the
industrial park users will benefit from the reservoir, the full cost would go to the bulk water
dispenser. The need for an additional well to support the bulk water dispenser has yet to be
investigated. If this is required, then this cost would be in addition to the reservoir cost.

It is expected that the District would call for the work to be funded by the Dixon Creek Road strata
development, as there is not expected to be further subdivision development in Louis Creek from
which to claim development cost charges.

Therefore, the District should fund the new water source through the development cost charging
mechanism. A development cost charge in the order of $1 million would be applicable, depending
on the project scope. Scope would be further defined at the preliminary design stage.

5.3 Bulk Water Fees

It is recommended that the operating costs of a bulk water filling station are allocated to the bulk
water users by volume based fees.

Volume based fees would apply to any user of the bulk water system. These would incorporate a
capital and an operating cost recovery mechanism. Indicative charges are as follows:

Annual loan repayments on bulk water dispenser (20 year loan) $4,700
The annual cost of maintenance of the bulk water dispenser. $10,000
Annual straight-line depreciation on the installation. $7,000
Annual trucked water volume 55,000 m3
Volumetric cost excluding water rate $0.40/ m3
The excess water volumetric charge applicable to water users $0.60 / m3
Total volumetric charge $1.00/ m3

The volumetric charge is very sensitive to the amount of water used and these fees are low
compared to City of Kamloops rates. It would be reasonable to set the fee at the same level at
the City of Kamloops ($2.28/m?) in order that a low rate of use does not leave the District out of
pocket, and so that any incentive to come to Barriere for water is minimized. A 14m3 load at $2.28
will cost $30.

BuLK WATER FEASIBILITY STUDY 14
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The exact value of the fee will not have a significant effect on the customers of a water hauling
service as the hourly rate makes up the larger part of the fee. Providing a local bulk water
dispenser has a much more significant impact on customer costs.

The cost calculation becomes more complex for a system in Louis Creek due to the large
proportion of the total water use and the high costs to improve the water system to allow for a
bulk water system. The Louis Creek water system uses an old open reservoir for water storage,
which renders the water non-potable. The system will require water disinfection and upgraded
storage in order to service potable water tanker trucks. Costs for a reservoir upgrade or new
reservoir for Louis Creek have been estimated previously in the order of $1 million. A fair allocation
of the costs would be reflected in the volumetric charges based on the cost for a loan repayment.
Given that the Louis Creek water users are industrial customers, the water charges could be
based on relatively simple volumetric rates to all customers. The bulk water customers would also
pay for the costs specific to the dispensing station including capital and operating costs.

It is expected that the volume based charge for bulk water would be around $0.5 — $1.0/m? more
in Louis Creek than in the main water service area, depending on factors such as the share of the
total water use made up by bulk water and the term of any loans. However, if the charges were
to be based on the City of Kamloops rate, costs should still be covered by volume charges, and
the Louis Creek water system would benefit from more broadly shared costs. The main downside
is the constrained water source capacity.

BuLK WATER FEASIBILITY STUDY 15
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6.0 Conclusions

6.1

General Findings

The findings of this study are summarized as follows;

6.2

A local bulk water dispenser would be of benefit to users of bulk water hauling services in
the District and surrounding area.

The fees charged should target a net revenue for the District, rather than a net cost. If the
Dixon Creek Road subdivision does not go ahead, a bulk water system could still be
worthwhile, so long as the water supplied is not at the expense of water availability to the
main community.

The suggested fee per volume would be based on the greater of the actual operating cost
to the District and the fee charged by the City of Kamloops.

Louis Creek is the preferred location in order to avoid any impact on the main water
system. A new reservoir, and possibly a new well will be needed. These should be funded
by the proposed subdivision on Dixon Creek Road if cost to the District is to be avoided.
District approval of the subdivision water system should be contingent on suitable legal
protections and the prior approval of the design by Interior Health.

The District should not take on direct responsibility for a cistern based water supply to the
proposed Dixon Creek Road subdivision.

Impacts on the District

Further to the findings listed above, there are some areas where caution is warranted;

The District is constrained by limited water availability. The District would require an
additional water source if the bulk water system was connected to the main community
water system.

Without a new source, there is likely to be a need to be rationing of water provided to a
bulk water dispenser during peak water consumption periods. In that event, it may be
necessary to prioritize District of Barriere water users over outside users. This will be
challenging for an unsupervised, automated system. As such, a water service agreement
may need to be entered into by a water hauler for the supply of local potable cisterns. At
times it may be necessary for the water to come from Kamloops.

Water delivery costs for the proposed Dixon Creek Road subdivision will be significant
and would pay for a multi-million-dollar conventional water system. There is a significant
risk that there will eventually be political pressure for the District to provide a water supply
to this area. The District may eventually have to connect the area to the community water
system. At this stage the costs will fall upon the District and the residents of the Dixon

BuLK WATER FEASIBILITY STUDY
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Creek Road subdivision. In addition, the large lots in this subdivision would have very high
water use if they were on public supply as the residents would wish to plant lawn and
irrigate. This could not be sustained using the existing Barriere water sources.
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APPENDIX A

Conceptual Bulk Water Dispenser Design
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aquaLoader

BULK WATER TRUCKFILL SYSTEM
TFS-3-A-M3

Single Outlet Commercial Bulk Water Station
Skid-Mounted Fully Assembled/Wired Package

External Dimensions (w/Skid, Less Electrical Panels)
1650 mm L x 1070 mm W x 1360 mm H
(65” x 42” x 51.5”)

Pre-Paid or Billing w/Credit Limit Control System
Keypad Only access w/PIN Number, or

Touch Memory Fob w/PIN Number

Stainless Steel (NEMA 4X) Terminal Cabinet
Rated for External temperatures of -34°C (-30°F)
Dual Heater Option Supplied as Standard

Service size 100mm (4”)

Outlet size - One (1) x 75mm (3”) connection
Outlet Rated for up to 1100 L/m (300 usgpm)
Other sizes are available

Inlet Water Pressures up to 1200 kPa (175 psi)
Integral Adjustable Flow and Pressure Control Valves
Power Supply requirements - 120vac/60a/1 Phase

L R R 2R R R 2R R 2R R 2R N 2R 4

Also Available: “DIY” packages, Dual Outlet Stations, Coin and/or Key
Operated Stations, Residential Stations, Overhead Fill Arms, Manually Operated
Hydrant Stations and Septage Dump Stations.

Provide Security and Convenience
for your Bulk Water Customers

Year Round Operation 24/7

Eliminates Hydrant Meters

Controls Access To Your Water System

Eliminate Billing and Delinquent Accounts with the Pre-Pay Option
Credit Limit for Billing account option

Control Valves have NSF 61 Certified Epoxy Coating

AWWA Approved Water Meter with NSF Approved Materials
Meter Complies with AWWA C701-Class 11 (Accuracy +/- 1.5%)
Integral High Hazard RP Type Backflow Preventer

All Outlet Piping Fully Drains at End of Fill Cycle

Enclosure Tested and Certified to ASSE 1060 Std, Class 1

Dual Heat System with Two Independently Operating Heaters
Optional “No Power/Low Temp” Alarm

Ideal for Permanent or Semi-Permanent Installation

Shipped Fully Assembled and Ready to Install
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PROTECT YOUR WATER SYSTEM - Use AqualLoader Bulk Water Truckfill Stations
Fully Automated - Pre-Pay with No Billing Required or Invoice with Credit Limit
© BIRKSCO

Tel: 905-691-0981 Fax: 888-851-4467 e-mail: sales@birksco.com Web: www.birksco.com
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APPENDIX B

Bulk Water Dispenser Cost Estimate



CLASS 'D' CONSTRUCTION COST ESTIMATE
OWNER: DISTRICT OF BARRIERE
PROJECT: BULK WATER FILLING STATION, LOUIS CREEK

ITEM & DESCRIPTION UNIT | EST |UNIT PRICE TOTAL
QTY
1.0 BULK WATER DISPENSING UNIT

1.1 1000 gate valve ea. 1 $1,500.00 $1,500.00
1.2 1009 DR25 C905 PVC water main l.m. 20 $300.00 $6,000.00
1.3 Tie-in to existing water distribution system L.S. $10,000.00
2.1 Slab excavation, sub base m?3 3.33 $1,000.00 $3,330.00
2.2 Concrete slab (3m x 3.7m x 0.2m) m?3 2.22 $1,000.00 $2,220.00
2.3 Bollards ea 4 $300.00 $1,200.00
3.1 Birksco Aqualoader TFS-3-A-M3 L.S. $60,000.00
3.2 Mechanical installation L.S. $10,000.00
3.3 BC Hydro electrical service L.S. $15,000.00
3.4 Power conduit and terminations L.S. $20,000.00
5.1 Site grading (gravel parking lot) L.S. $5,000.00
Subtotal Part 1.0 - Bulk Water Dispensing Unit $134,250.00

2.0 SECOND LOUIS CREEK WELL
2.1 Well drilling L.S. $200,000.00
2.2 Well completion L.S. $100,000.00
Subtotal Part 2.0 - Second Louis Creek Well $300,000.00

3.0 POTABLE WATER RESERVOIR
3.1 Glass fused to steel bolted reservoir L.S. $820,000.00
Subtotal Part 5.0 - Potable Water Reservoir $820,000.00
SUB TOTAL $1,254,250
ENGINEERING 15% $188,138
CONTINGENCY 30% $376,000
TOTAL $1,818,400
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BC Centre for Disease Control

An agency of the Provincial Health Services Authority

Rainwater Harvesting for Non-potable Use and
Evidence of Risk Posed to Human Health

Sylvia Struck

Introduction

While collecting and storing rainwater for use is an ancient practice, there has been a
resurgence in popularity with the promotion of green and sustainable building practices, such as
Leadership in Energy and Environmental Design (LEED), and in areas where water insecurity or
lack of municipal supply make it an attractive or necessary supplement or alternative. One of the
features of LEED certification is assessing water efficiency, whereby points are granted; e.g., if
the use of potable water is reduced or eliminated for activities such as landscape irrigation. A
benefit of implementing rainwater collection is that the demand for potable water supplied from
municipal sources can be reduced.

In water stressed areas, homes and commercial buildings are often outfitted with roof collection
systems to capture rainfall runoff that can be diverted to storage for later use. While rainwater
harvesting is used for both potable and non-potable purposes, this paper will primarily focus on
potential health risks of rainwater reuse for non-potable applications, namely: spray irrigation,
use in fountains, toilet and urinal flushing). Also, while rainwater can be collected from other
surfaces, such as courtyards, streets, and other impermeable surfaces, the focus is on roof-
collected and therefore the discussion on contaminants will concentrate on those found primarily
in roof-harvested rainwater.

Initially, scholarly (peer-reviewed) journal articles with content relevant to Legionnaire’s disease
and rainwater reuse were searched. The search was extended to consider rainwater reuse with
respect to irrigation (or associated with spray), fountains, toilet and urinal flushing, and any
health risks exposure, legionnaires, E. coli, campylobacter, bacterial, viral. Also, the following
were included: guidelines, monitoring, standards, treatment, testing information on rainwater
reuse for non-potable uses.

The key search statement used to locate articles was: (legionnaire* or (E. coli) or camphylo* or
bacterial or viral) AND (rainwater or (rain water) or spray or fountain). Additional terms and
combinations were used to narrow results and obtain guidelines.

A date restriction, January 2000 to December 2011, was imposed and English-only material
was included (except for two institutional reports in Dutch, from the Netherlands). Scientific
literature was scoped using the Ebsco database collection and OvidSP, both available through
the University of British Columbia Library (UBC). Web of Science was also used to locate
miscellaneous sources not covered and to extend citation chaining and mapping where
possible.
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Bibliographies of retrieved articles were reviewed and authors searched forward and backward
to uncover additional literature. In addition, Google and Google Scholar were used to identify
relevant grey literature primarily related to guidelines, regulations and policy or additional
studies that had relevance.

The primary purpose of this study was to identify health risks associated with specific non-
potable uses. Therefore studies, primarily concerned with potable water, were limited (except
where health risks due to ingestion were discussed), as were studies looking at different types
of treatment options for roof-harvested rainwater, such as solar disinfection.

The following will briefly discuss: general hazards; the main pathogens of concern; impacts of
weather on water quality; non-potable uses and identified and potential health risks; and a brief
discussion on guidelines and monitoring.

Background: General hazards found in rainwater

Assessing risk posed by roof-collected rainwater, which is subsequently stored and distributed
for various uses, requires consideration of whether a human health hazard is present and
whether the dose of hazardous material is sufficient to cause illness. Assessing risk is
particularly difficult if the rainwater is to be used for non-potable applications, where primary
routes of exposure are inhalation of aerosolized rainwater (such as through spray irrigation or
fountains) or dermal contact, but also potentially through unintentional ingestion.

There is difficulty in quantifying exposure. Most identified studies relate to water quality and
microbiological contamination of harvested rainwater and the potential for health risk, mainly
through ingestion, without quantifying the risk due to inherent limitations. This uncertainty
increases when the routes of exposure are through accidental inhalation or ingestion of sources
not intended for potable use. While studies, such as a rooftop rainwater harvesting study in
Bangladesh, show that ingesting untreated rainwater can pose a significant health burden,*
outbreaks of waterborne diseases attributed to rainwater use are frequently not reported, since
tanks often serve an individual household.?

Rainwater is generally considered of good quality but can become contaminated if it absorbs
airborne pollutants and contaminants from the catchment area, storage or distribution system.
Microbial contamination in rainwater reuse systems generally originate from debris and faecal
material deposited on roof surfaces by birds or small rodents. Presence of faecal indicator
bacteria in rainwater suggests contamination with faeces, signifying that pathogens, such as
Campylobacter, Salmonella, Vibrio, Cryptosporidium, Giardia, and enteric viruses, may also be
present in the rainwater.>> According to Simmons et al. (2008), roof-collected rainwater systems
often provide water supplies of relatively poor physiochemical and microbiological quality.®
However, the prevalence and level of contamination can vary widely, in terms of both indicator
organisms and pathogens.’

Microbiological parameters are affected mainly by the cleanliness of the catchment areas,
gutters, and storage tank.>® Rodrigo et al. (2009) also provide information from other studies to
show that tank material affects the microbial contamination of rainwater.? Higher counts were
associated with dark coloured polyethylene tanks (which may create a warmer environment for
the bacteria). Concrete tanks had a higher pH and dissolved solids which may provide nutrients
that enable bacterial growth, although the higher pH may result in die-off.?
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Microbiological and chemical parameters also show seasonal fluctuations.® Schets et al. (2010)
found that although outside temperatures had limited effect on the temperatures and
microbiological quality of water in the reservoirs, there was a correlation between rainfall
intensity and faecal indicator counts.® Detection of pathogens increased after heavy rainfall. A
study by Rodrigo et al. also noted that bacterial loads where higher (heterotrophic plate count or
HPC levels) in tanks 24 and 48 hours after a rainfall event.?

Evans et al. (2007) also found that airborne microorganisms represented a significant
contribution to bacterial load of roof water and that overall contaminant load was influenced by
wind velocity.? Wind can also carry human viruses, as noted by Fewtrell and Kay (2007), with a
theoretical risk of collected rainwater contamination from aerosols derived from wastewater
treatment works.” Microbiological risks are likely to be similar in urban and rural settings;
however, there may be significant differences in chemical contaminants between urban and
rural settings.”

Pathogens and Contaminants found in Roof-Harvested Rainwater

Pathogens found in rainwater are likely to vary based on location and concentration and will
also likely fluctuate based on temporal variations, making any prediction of occurrence difficult.’
As mentioned, a principal source of pathogens is likely to be avian. The most frequently isolated
are Salmonella spp. and Campylobacter spp. but since they are of the avian variety, they may
not be generally infective to humans.” Of particular interest is the Legionella bacteria (which
causes Legionnaires disease); it can be found in water systems and can pose a health risk,
particularly when aerosolized. These pathogens can cause serious iliness or fatality particularly
in vulnerable groups, such as the young, elderly or immunocompromised.

A brief description of some of the main pathogens and chemicals of concern, found in harvested
rainwater, are presented in this section. The initial focus of the literature search concerned
Legionnaires disease but was broadened to include other identified pathogens of concern along
with a brief section on chemicals, due to potential exposure.

Legionnaires/Pontiac Fever

Legionnaire's disease is an acute respiratory infection caused by Legionella bacteria; most
cases caused by Legionella pneumophila *° serotype 1 (Lp1).° This opportunistic human
pathogen can be found in rainwater tanks associated with environmental contamination and can
proliferate if growth conditions are in an optimum range.*! Evidence suggests that Legionella
pneumophila can survive between 16.5°C and up to 55°C, although at temperature extremes it
will not replicate. Growth of the bacterium is generally restricted to temperatures of 25°C to
45°C, with optimal growth in the range of 35°C to 43°C.° Lp1 can colonize ‘cleaner’ water
systems and survive under more stressful conditions, such as higher temperature and chlorine
levels than other serogroups.®

Most infections occur in middle-aged or older and immunocompromised persons and can cause

severe illness and even death. Pontiac Fever is also caused by the Legionella bacteria but is
milder, causing flu-like symptoms.
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E. coli

E. coli is found in the intestines of humans and warm-blooded animals; some strains of this
bacterium can cause gastrointestinal illness in addition to other, more serious, health problems.
E. coli can survive for about 4-12 weeks in water containing a moderate level of microflora at a
temperature of 15-18°C.* The detection of E. coli in a water system is used as an indicator of
recent faecal contamination. E. coli data can also be used as a benchmark, since it is available
for other rainwater tank surveys."

Campylobacter

Campylobacter can be transmitted through food or water contaminated with animal faeces and
causes approximately 2,400 cases of enteric disease in BC a year.™® Campylobacter has also
been found in harvested rainwater samples. The most common type of campylobacter
associated with human illness is Campylobacter jejuni.** According to research conducted in
2002 (Broman et al. 2002; Moore et al. 2002; Waldenstrom et al. 2002) and referenced in
Schets et al. (2010), pathogens including campylobacter have been detected in the faeces of
gulls (Larus spp.)® that can then be transferred to rooftops and catchment areas.

Giardia

Giardia can be found on surfaces or in soil, food or water that has been contaminated with
faeces from infected humans or animals." Giardia lambia which causes gastroenteritis is one of
the most common human parasitic infections in Canada. People can become infected by
swallowing Giardia cysts found in contaminated food or water. Symptoms of giardiasis normally
begin one to two weeks after a person has been infected. Giardia has been found in roof-
harvested rainwater samples, confirming the potential for this pathogen to be present.*®

Aeromonas

Some species of aeromonas are pathogenic to animals and humans. They can cause
gastroenteritis which typically occurs after the ingestion of contaminated water or food. Wound
infections can also result from exposure to aeromonas contaminated water. According to an
EPA report on aeromonas, households reporting gastrointestinal illness were more likely to
have aeromonads in their water.*’

Simmons et al. (2001) studied aeromonads in 125 roof-collected rainwater systems in New
Zealand; 22 of the systems exceeded drinking-water regulatory levels of indicator bacteria.*®
The study found that the presence of the indicator organisms: HPC, total coliform, faecal
coliform, and enterococci were all significantly correlated with one another. Aeromonas spp.
were isolated from 20 of 125 (16%) supplies.*®

HPC is commonly used to measure the heterotrophic microorganism population in drinking
water and other media and can be used as an indicator of the overall cleanliness and nutrient
level of the rainwater tank.'* According to Chapman et al. (2008), HPC may give an indication of
the amount of sediment in the tank and the turnover rate of water in the tank, with
concentrations of plate count bacteria potentially being “inversely proportional to the frequency
of tank cleaning or desludging the tank.”*
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Salmonella

Salmonellosis can be spread from person-to-person or from animals-, birds- or reptiles-to-
people, and by consuming food contaminated with Salmonella. Both animals and people can be
carriers. Approximately 6,000 to 12,000 cases of Salmonella are reported in Canada each
year.' Salmonella has also been found in untreated surface water and even tap water. A fatal
outbreak of Salmonellosis in Gideon, Missouri in 1993 was attributed to Salmonella introduced
by bird feces that had contaminated the drinking water supply storage tank (no chlorine
disinfection).?’ Symptoms usually appear 12 to 72 hours after ingesting contaminated food or
water and generally last up to seven days. While most people recover without treatment, infants,
the elderly or people who are immunocompromised may require treatment.*

Cryptosporidium

Cryptosporidium may be present in animal faecal matter but are also associated with
environmental contamination of the water by soil. Cryptosporidium parvum and Cryptosporidium
hominis (genotype 1) are the most prevalent species causing disease in humans.*
Cryptosporidium is a common cause of waterborne illness and have been found in rainwater
tanks. The parasite is shed as an ooyst which has a hard shell and is resistant to chlorine-based

disinfection.

The following table, adapted from Fewtrell and Kay (2007), presents pathogens which have
been found in harvested rainwater from various studies in the UK.’ The table presents
transmission routes and general case fatality rates/100,000 cases for each of the pathogens.

Table 1 Types of pathogens that can be found in rainwater in the U.K.

General Case

Group Pathogen Infection Transmission | Fatality rate/100,000
cases
Bacteria Legionella Legionnaire’s Inhalation 10,000*
pneumophila Disease
Pontiac fever Inhalation, Oral, | O
Contact
Bacteria Escherichia Gastroenteritis Oral 8.3
coli 0157:H7
Campylobacter spp. Gastroenteritis Oral 5
Mycobacterium avium | Respiratory and Gl Oral Fatal cases usually
complex (MAC) tract infection only associated with
those having
underlying infections
Salmonella spp. (non Gastroenteritis Oral 41
typhoid forms)
Protozoa Cryptosporidium spp. Gastroenteritis Oral 22
Protozoa Giardia spp. | Gastroenteritis Oral 1

adapted from Fewtrell and Kay (2007) !
*community acquired cases
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Chemicals

While pathogens are of primary concern, the quality of collected rainwater can also be
influenced by roofing material, such as galvanized lead or concrete tiles, that can leach
chemicals; the age of the material can influence bacterial count.?® Rainwater is slightly acidic;
therefore, relatively aggressive, and can dissolve heavy metals and other impurities from the
catchment area, gutters, and storage tank.>® This acidity may lead to leaching of metals in the
pipes used to distribute rainwater to the household.? The presence of heavy metals in rainwater,
for potable use, can present a health hazard depending on the level and duration of exposure.?
Elevated levels of zinc and lead have been reported, although concentrations in rainwater are
generally within acceptable limits.®

Chemical contaminants can also be introduced through air pollution by urban and industrial
sources or bushfire smoke. Spinks et al. (2006) conducted a study to look at bushfire impact on
rainwater quality after a prolonged drought and bushfire east of Victoria, Australia in 2003.%
Forty-nine rainwater tanks were tested for organic compounds, microbiological indicators,
metals, nutrients, and physio-chemical parameters. The results for cadmium (and one sample
for arsenic) and microbiological indicators (coliforms, E. Coli, Faecal streptococci) were above
levels outlined in the Australian Drinking Water Guideline.** Long-term exposure to excess
levels of cadmium in drinking water can cause kidney damage and osteomalacia.?* Agricultural
pesticide residues may also be of concern in rural areas where rainwater is harvested.

Lye (2009) reviewed papers on contamination from rooftop runoff.?® One of the studies
referenced in Lye (2009), Peters et al. (2008), analysed rooftop harvested water stored in
cisterns from 112 private residences.? They found that while the water samples exceeded
standards for primary drinking water, (1% for lead, 3% for nitrate), the sediments exceeded
arsenic, lead, and mercury limits by 100%, 11% and 3%, respectively.?® Soil profiles indicated
the same composition; therefore, authors concluded that soil deposits on roofs are likely to be a
significant source of chemical contamination.”®

Impacts of weather on rainwater quality

As previously mentioned, weather patterns and environmental conditions can significantly
influence bacterial load and airborne microorganisms are significant contributors to bacterial
load of roof-harvested rainwater.” Rainfall intensity and the number of dry days preceding a
rainfall event can also markedly affect the quality of runoff water.?

Schets et al. (2010) conducted a three-year study on the microbiological quality of rainwater
stored in tanks in The Netherlands and what effect environmental conditions and storage
container material had on the survival of microorganisms in these reservoirs.? The objective of
the study was to provide evidence for recommendations on safe collection and storage of
rainwater.® The study demonstrated that rainwater stored in different reservoirs was frequently
faecally contaminated and contained potential human pathogens, such as Campylobacter,
Cryptosporidium, Giardia, Aeromonas hydrophila, and Legionella.?

Analysis of samples, during a period with variable weather conditions, showed a correlation

between rainfall intensity and faecal indicator counts and increased detection of pathogens after
heavy rainfall incidents. Outside temperature, which fluctuated quite a bit during the study
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period, had a limited effect on both the temperature and the microbiological quality of the water
in the reservoirs.® The study demonstrated that the number of faecal indicator bacteria and
number of pathogenic microorganisms increased with high rainfall intensity, particularly after a
period of drought.®

Evans et al. (2007) studied the effect of wind on the microbial composition of rainwater.® They
found both wind speed and wind direction had a strong influence on the HPC and indicated that
atmospheric disposition of microorganisms played an important role in contamination of roof-
collected rainwater.’

However, Schets et al. (2010) reported that while they did not observe a strong correlation
between wind and HPC in Dutch rainwater reservoirs, there was a strong correlation between
wind speed and Clostridium perfringens, a pathogen commonly associated with foodborne
illness that can be spread via food or water.® Laboratory experiments conducted by Schets et al.
(2010) showed that HPC increased with increasing water temperature and prolonged storage
time but was constant during storage at 15 °C.?

Fewtrell and Kay (2007) reported an Australian study done by Gardener et al. (2004) which
found that discarding the first 1 mm of runoff reduced the bacterial load entering the storage
tank between 9 and 62% for individual rainfall events.” The stored water, however, still
contained significant levels of microbial contamination with faecal coliform concentrations up to
480 cfu per 100 ml.”

Non-potable uses and identified risks in studies

While a number of studies were concerned with microbiological quality of rainwater for use as
potable water, a few studies and case studies examined microbial quality and risk of harvested
rainwater for non-potable uses. The following information presents non-potable uses that were
specifically identified as being of interest, namely spray irrigation, fountains, and use in toilet or
urinal flushing. Where studies did not specifically address these uses, other studies were
included, showing similar uses or potential routes of exposure. Additionally, some studies did
not examine uses independently but combined them as non-potable use.

Ahmed et al. (2010) conducted a study on health risk posed by the use of roof-harvested
rainwater for potable and non-potable uses in Southeast Queensland, Australia.?” This study
used Polymerase Chain Reaction (PCR) for presence/absence and quantitative PCR, to detect
and quantify pathogens collected from household tanks storing roof-harvested rainwater (n=82).
Samples were collected from outlet taps closest to the base of the tanks. During the first phase,
samples were collected after rainfall events and screened for presence/absence of pathogens.
The second phase entailed taking a subset of tanks (n=19) that had tested positive for the
pathogens of interest: Camylobacter jejuni, Legionella pneumophila, Salmonella spp., Giardia
lamblia and Cryptosporidium parvum. Sampling during the second phase occurred over a three
month period from August to June.

Of the 214 samples that were tested during the study, the following pathogens were detected:
Salmonella invA in 23 samples (10.7%), Giardia lamblia in 21 (9.8%) and L. pneumophila in 12
(5.6%). Campylobacter jejuni was detected in one sample but was not quantifiable and
Cryptosporidium parvum was not detected. An overall estimation indicated pathogens were
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present approximately 5% of the time. As for quantifying the risk, they assumed all the
pathogens were viable and considered six scenarios for exposure to Salmonella, Giardia, and
Legionella. For Salmonella and Giardia the scenarios were: liquid ingestion due to drinking
rainwater (1 litre/day) on a daily basis; accidental liquid ingestion due to garden hosing twice a
week (1 ml/event); aerosol ingestion due to showering (1.9 ml/event); and aerosol ingestion due
to hosing twice a week (1.9 pl/event). Scenarios for Legionella were aerosol inhalation due to
showering (0.84 pl/event) on a daily basis and aerosol inhalation (0.5 pl/event) due to hosing
twice a week.

The calculated risk of infection per 10,000 exposed persons per event showed: aerosol
inhalation infection with Legionella pneumophila was up to 8.8 x 10 Salmonella spp. and
Giardia lamblia for liquid ingestion via drinking was up to 6.8 x 107 liquid ingestion via hosing
was up to 7.1 x 10"; aerosol ingestion via showering was up to 1.3 x 10°. Low risks of infection
were noted for Salmonella and Giardia, for exposure via aerosol ingestion via hosing up to 1.3 x
103, The authors multiplied the proportion of the population that have a tank or use water for
drinking and/or hosing; the population potentially exposed to each pathogen ranged from 0.46%
to 4.76%. In this particular study, the authors note that the only likely risk was from drinking
water contaminated with Salmonella spp. and Giardia lamblia and therefore advise that roof-
harvested water should be disinfected before using as a potable water sources.

Spray Irrigation or spray from pressure washing

An outbreak of legionnaires was identified from a marine water blaster system (pressure
washing) which may have infected or seeded roof collection rainwater systems in the area.
Four people contracted legionnaire’s disease; three of these cases lived within 500 meters of
the water blaster.°

The authors note that limited conclusions can be drawn from the outbreak investigation, but it is
possible that aerosols containing Legionella were discharged into the air by the marina water
blaster. This may have exposed cases directly, seeded nearby roof-collected rainwater systems
or exposed cases through showering. Cases tended to be male, smokers, older or have an
ongoing chronic iliness. The cases also tended to live closer to the marina, at a mean distance
of 550 metres compared to controls (922 metres), although these differences were not
statistically significant. Household supplies were less likely to return positive results for
Legionella if they were situated greater than 650 metres from water blaster. The amount of time
cases spent outdoors, at their home addresses, was also significantly greater as a group, when
compared to controls.® The authors concluded that because of New Zealand’s temperate
climate, roof-collected rainwater systems can harbour Legionella.® Authors also note that
collected rainwater systems need appropriate design, careful cleaning and maintenance, and
hot temperatures at a minimum of 60 °C to reduce the chance of Legionella multiplying.

Fountains

A study by Palmore et al. (2009) describes a nosocomial occurrence of legionnaire’s disease;
identified as emanating from a hospital decorative indoor fountain, despite being equipped with
a filter and ozone generator.?® The fountain had been shut off for five months but restarted four
months earlier and was routinely monitored. The water was supplied by the municipal water
supply and had two levels of waterfalls, where water could be aerosolized. Patients had to pass
within 1.6 metres of the fountain. The isolates from the two infected patients and the fountain
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were found to be identical (other water sources in the patients’ rooms had also been
investigated but turned up negative).

This study was included to show potential risk, since it presents a case study where water from
a routinely monitored fountain aerosolized and spread Legionella. Immunocompromised
patients are particularly vulnerable and when infected, have a high mortality rate. The authors
note that the fountain in the hospital presents an unacceptable risk in hospitals serving
immunocompromised patients.?®

Toilet and Urinal Flushing

Schets et al. (2005) conducted a study to look at roof-harvested rainwater used for toilet
flushing, cleaning, and watering plants at four sites (three commercial, one private) in the
Netherlands, over four consecutive weeks.” They took 28 samples from the reservoirs and
taps. Their findings indicate that the collected water was often faecally-contaminated, indicating
potential pathogens. Faecal indicators such as total colifoms, E. coli, and intestinal enterococci
were present in 28, 27, and 27 of the samples tested, respectively. Campylobacter and
Legionella pneumophila were detected one time at one sampling site. Aeromonas and
Clostridium perfingens were detected in 20 and 23 of the samples, respectively. While authors
were not able to quantify the risk of infection, they did conclude that the pathogens present in
untreatz%d rainwater, used for toilet flushing, can have negative consequences for public
health.

In a follow-up study at the three commercial sites, Schets et al. (2007) focussed on
environmental conditions that affect the microbiological quality of collected rainwater.* They
attempt to quantify the risk of infection according to the Ministry of Housing, Spatial Planning
and the Environment’'s maximum risk of one infection per 10,000 person-years; this is used for
drinking water and the only standard they currently have. Using three toilet visits per day
(therefore, around 1,000 visits per year), they estimate that risk of infection is 10”. In one of the
reservoirs, campylobacter measured concentrations greater than 240 cfu/l.*° If 4 microlitres (ul)
are ingested through aerosolized water, there is a chance of one infection per 10™. While the
authors hypothesize that it is possible to ingest 4 pl and that there is a risk of infection, more
work needs to be done to determine actual risk.>*

Building on earlier work, Schets et al. (2010) conducted a three-year study using roof-harvested
rainwater samples from four sites that were used for toilet flushing, cleaning floors, and watering
gardens.? Rainwater was treated by filtration at two of the sites; one had a leaf filter and sand
filter, another had a filter for large particles, and the other two had no treatment. Samples were
taken to a lab and stored in various containers (polyethylene, galvanized iron, and concrete) in
the dark at various temperatures of 15, 25, and 35 °C.

The study demonstrated that water was faecally contaminated and incidentally contained
potential human pathogenic microorganisms, such as Campylobacter, Legionella,
Cryptosporidium, and Giardia.® There were also very high numbers of Aeromonas hydrophila in
some of the reservoirs, which can cause gastro-enteritis and infections of the human skin;
therefore, a health concern. They note that Aeromonas colonization of reservoirs may be a
reservoir-specific problem (A. hydrophila survived longer in PVC containers than in galvanized
iron containers). The differences observed between the reservoirs suggest that roof material
and roof slope may play a role in reservoir contamination, which they note has also been
observed in another study, Yaziz et al. (1989).% The steepness of the roof and smoothness of
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the roof material will also impact faecal material and dirt runoff. A gentle gradient and a
vegetation layer on top will retain faecal material and delay runoff during rainfall. The vegetative
layer can also retain the faeces, resulting in die-off of bacteria in the faeces during drought
conditions.?

Schets et al. (2010) also reports on a case study by Schlech et al. (1985) concerning an
outbreak of Legionnaires’ disease in the United States, caused by a hotel roof-collected
rainwater supply contaminated with L. pneumophila. In The Netherlands, Schets et al. (2010)
notes that the presence of Legionella in rainwater used for toilet flushing may pose a health risk
when aerosols containing Legionella are formed during toilet flushing and then inhaled.®

Albrechtsen (2002) evaluated microbial quality of rainwater and graywater, in seven systems
used for flushing toilets in Denmark, and compared these to reference toilets using a municipal
water supply.® This study found that while the general microbiological quality in the rainwater
and mains-supplied toilets were similar, the rainwater systems introduced pathogens not found
in toilets flushed with treated water.*”*' Almost half the samples indicated the presence of
Aeromonas sp., Pseudomonas aeruginosa, Legionella non-pneunophila, Campylobacter jejuni,
Mycobacterium avium, and Cryptosporidium sp.*! This means that potential pathogens
introduced into the household would not normally occur in water supplied by the mains. While
the authors note that comparisons to Danish drinking water standards may seem irrelevant,
since water in toilets is not considered drinking water, there may be potential risk of introduction
of pathogens to the drinking water supply. This may happen if there is back siphonage, leakage,
or incorrect installation with cross-connection to the mains used for drinking water.**
Contamination can occur through cross-connection when two separate piping systems flow into
each other, such as with the mains and rainwater systems, or through backflow issues, which
can occur with poorly installed plumbing systems, or during maintenance or emergencies.*

In another study by Oesterholt et al. (2007), a housing estate used both drinking water and
“household water” defined as non-potable water produced from surface water, groundwater, or
rainwater.*® Findings from the study show that incidents, such as cross-connections between
drinking water and household water and detection of viruses and pathogenic protozoa in treated
water, demonstrated the systems were microbiologically unsafe. Also, certain household water
had a relatively high biofilm, leading to the potential growth of Legionella spp.** According to
Oesterholt et al. (2007) and based on the results of this study, the Dutch government
discouraged the production and distribution of household water on a large scale; they still allow
dual water systems on a small scale when rainwater or groundwater are used as a source,
when used only for toilet flushing, and complies with a 10 infection risk.*®

Fewtrell and Kay (2007) also attempted to quantify the microbial risk with respect to
Campylobacter spp. in toilets flushed with harvested rainwater.** They used a desk-based
health impact assessment and quantitative microbial risk assessment (QMRA) to examine
possible health impacts. A hypothetical case study, using a typical population of 4,000 based on
data in England, along with data from literature was used to determine disability-adjusted life
years (DALYs) on an annual basis. Risk of infection was through ingestion of aerosols produced
as a result of toilet flushing.

Fewtrell and Kay (2007) note that in seeding experiments, conducted by Baker and Jones in
2005, microorganisms can be ejected to a height of at least 83 cm above the seat, as a result of
flushing; hypothetically, that is at a height where they could be ingested.** Based on a number
of assumptions, including volume ejected, volume ingested, frequency of exposure, and
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concentration and frequency of campylobacter contamination in rainwater supplies, it was
estimated that over a year, there would be 0.023 cases of campylobacteriosis resulting in a
mean DALY score of 6.8 x 107, for the case study population.®* Authors note that a number of
assumptions were made in order to derive the estimate but, unless the exposure has been
drastically underestimated, these estimates should probably be within an acceptable range.

Water Quality Guidelines

While there are guidelines for rainwater use for potable purposes (essentially drinking water
guidelines), there do not seem to be consistent guidelines for non-potable use. Lye (2009) notes
a lack of agreement regarding water quality guidelines and health-related standards for
chemical and microbiological standards of rainwater.?® For instance, Fewtrell and Kay (2007)
write that the U.K. does not have any regulations covering the microbial quality of harvested
rainwater for non-potable purposes, but a number of guidelines outline levels of faecal coliforms,
E. coli or intestinal enterococci that may be appropriately applied for non-potable use.” These
guidelines are shown in Table 2. The World Health Organization (WHO) has recently updated
their Guidelines for the Safe Use of Wastewater, Excreta and Greywater.* The guideline
specifies a methodology using health-based targets to establish appropriate guidelines at a
local, regional or country level rather than specific microbial targets.”

Table 2 Summary of microbial quality guidelines that could be applicable to the non-potable use

of rainwater

i A (2] Bathing water
Bathing water | - WHO (1989) | \;qrpa (1909) WRAS Recreational RO
directive (EC Reuse Directive

1975) guidelines* Water reuse (1999) water (EC 2006)

Guidelines**
Faecal Faecal E. coli Faecal Intestinal E. coli 95"
coliforms 95% | coliforms <1/100 ml coliforms enterococci percentile
<2,000/100 ml | g <10,000/100 | 95™ percentile <1,000/100 ml
<1,000/100 ml ml <200/100 ml Enterococci
Intestinal 95" percentile
enterococci <400/100 ml
<100/100 ml

Adapted from Fewtrell and Kay 2007 ’

*Category A —irrigation of crops likely to be eaten uncooked
**Marine sites to be classified as good

***Ereshwaters

GM= geometric mean

All measurements per 100 ml

Fewtrell and Kay (2007) write that a more logical approach to guidelines would be to employ a
health impact assessment approach, whereby specific hazards are identified and impact
quantified.” Dose response relationships could be used to establish a maximum level of
microbial contamination, based on acceptable risk.’

The City of Berkeley California has set guidelines for rainwater harvesting that require permits
for rain catchment systems, based on volume.*® They have determined that small-scale
rainwater harvesting (less than 100 gallons) can be safely installed and utilized without
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oversight from the city, provided they meet guideline standards, as presented in Table 3 and

below®

1.

B n

©No O

10.
11.
12.

6.

Rain barrels shall be sited at grade on a sound and level surface at or near gutter
downspouts.

Water collected shall be used for irrigation only.

Rain barrel openings shall be screened with a corrosion resistant metallic fine mesh (.05
inch x .05 inch) to prevent mosquitoes from entering.

Gutters serving rain barrels shall be screened with an approved leaf guard or maximum
%" to ¥4 minimum corrosion resistant metallic hardware fabric

Large openings in the barrels shall be securely fastened to prevent accidental drowning.
No pumps, connections to domestic water or interior use are permitted.

Rain barrels shall be located a minimum of 3 feet from the property line.

Overflow or discharge from rain barrels may not discharge across the public right-of-way
or onto adjacent property, or in any way create a nuisance, as per 2010 CPC Section
1101.1.or current edition of the CPC.

Collection vessel(s) for each existing downspout shall not exceed 100 gallons in the
aggregate for each downspout.

Rain barrels and gutters shall be cleaned annually.

Rainwater from no-permit systems is not required to be treated prior to use.

The system shall be used and maintained in a manner that does not cause a public
nuisance and may be subject to inspection and/or enforcement action as a result of a
complaint.

Table 3 City of Berkeley, California Environmental Health Requirements: Minimum Water
Quality Guidelines and Treatment Options for Rainwater Reuse

Minimum Water Quality . .
Use Guidelines (cfu/100 mL)* Required treatment options
Non-potable indoor uses: toilet | Total coliforms < 500 Prefiltration: first flush diverter and
flushing laundry Cartridge Filtration: 5 micron sediment
Faecal coliforms < 100 filter and
Disinfection — chlorination with
household bleach or UV disinfection
Non-potable outdoor use: Total coliforms < 500 Prefiltration: first flush diverter and
Sprinklers, HVAC, car Cartridge Filtration: 5 micron sediment
washing Faecal coliforms < 100 filter and
Disinfection — chlorination with
household bleach or UV disinfection
Outdoor uses: sub-surface No treatment required Filter as required for use per
irrigation manufactures equipment specification
Rain barrels under 100 gal No treatment required

adapted from City of Berkeley. Guidelines for Rainwater Harvesting %
*cfu = colony forming units

The guidelines presented above are typical, in that indoor use and above ground spraying of
harvested rainwater require treatment (filtration and disinfection), whereas sub-surface
irrigation, with less potential for exposure, generally does not require treatment.
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Monitoring

Maintenance of the rainwater harvesting catchment, storage, and distribution system can play
an important role in the microbiological quality of stored rainwater.>*%%" Both Lévesque et al.
(2008) and Simmons et al. (2008) observed that only a limited number of users clean their
reservoirs on a regular basis.®*” The Lévesque et al. (2008) study also found that reservoir
water quality was significantly related to the frequency at which the reservoir was emptied and
cleaned.?®” Simmons et al. (2008) reported that previous studies show only 35 percent of New
Zealand households had ever cleaned their water storage tanks and concluded that conditions
in rainwater reservoirs, not undergoing regular cleaning, may support proliferation of Legionella
in biofilms.® Also Schets et al. (2010) noted the potential to form biofilm in reservoirs (tanks) that
protect and support pathogenic microorganisms may create public health problems.?

As an example of monitoring guidelines, Table 4 presents the City of Berkeley minimum
guidelines on testing, inspection, and maintenance of systems used for rainwater reuse. Unless
otherwise specified, responsibility is on the property owner to ensure maintenance.

Table 4 Minimum rainwater source testing, inspection, and maintenance frequency adapted
from City of Berkeley, Guidelines for Rainwater Harvesting *°

Description Minimum Frequency

Inspect and clean filter and screens, and replace (if necessary) | Every 3 months

Inspect and verify that disinfection filters and water quality In accordance with manufacturer’s
treatment devices and systems are operational and specifications but no less than every 3
maintaining minimum water quality requirements as months

determined by Environmental Health.

Inspect and clear debris from gutters, downspouts and roof Every 6 months

washers

Inspect and clear debris from roof or other above-ground Every 6 months

collection surface

Remove tree branches and vegetation overhanging roof or As needed

other above-ground collection surfaces

Inspect pumps, valves, and pressure tanks and verify After initial installation and every 12
operation months thereafter

Clear debris for and inspect cistern tanks, locking devises, and | After initial installation and every 12
verify operation months thereafter

Inspect caution labels, signage and pipe marking After initial installation and every 12

months thereafter

Cross-connection test (Dual Plumbing) After initial installation and every 12
months thereafter

EnHealth (2004), Rodrigo et al. (2008), and WHO (2011) also provide general guidance for
maintenance.?**® EnHealth (2004) mentions an inspection schedule every 2-3 years and
cleaning when there is a high sediment build up. Higher levels of sediments in tanks can provide
nutrients for microbes to survive and proliferate.?*®* Some guidance also calls for maintaining
and inspecting the catchment area and gutters every 6 months.*® Catchment area should also
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be monitored for overhanging branches over the catchment area, since they may harbour
insects, decaying matter or debris and allow for small animals and birds to contaminate the
surface with faecal matter; possibly affecting the quality of harvested rainwater.®®

Conclusions and Recommendations from Literature

The type and extent of microbial contamination is dependent on local conditions and weather
patterns, making it difficult to predict. Also, when looking at the microbiological quality of roof-
harvested rainwater, faecal indicators can provide a poor correlation to potential pathogens.*°
The authors suggest that faecal indicators may not be adequate to assess the microbiological
guality of rainwater and consequent health risk. Alternatively, culture-based methods can be
laborious and costly and can underestimate bacterial number, due to injured or stressed cells.?’
Where risk information is provided in literature, particularly for non-potable use, there are
usually a number of assumptions concerning exposure. More testing will need to be done to
quantify actual health risk posed by using harvested rainwater for non-potable uses.”

In general, a risk assessment that takes into consideration the design, construction, and
installation of the rainwater harvesting system is recommended by the WHO, since the quality of
collected rainwater may be affected by the catchment material, piping system, and storage tank
material. Also, sanitary inspections should be the focus of operational monitoring; the system
should be managed and maintained in a manner that reduces levels of microorganisms,
dissolved chemicals, and sediments. This should not only include checking the cleanliness of
the catschment area and storage but also the physical quality of rainwater (turbidity, colour, and
smell).

This information is echoed in other studies. Schets et al. (2010) recommends that health risks
may be reduced by regular cleaning of the collection, storage, and distribution system, but field
intervention studies are required to assess efficacy.® Suggested measures are: prevent animals
from direct access to tanks; regular cleaning of the catchment area, including gutters, and store
in well isolated tanks to control temperature of the rainwater; clean and disinfect reservoirs and
distribution system on a regular basis to prevent biofilm formation and growth of bacteria, such
as Aeromonas and Legionella. Screens and leaf control devices have been recommended to
prevent plant and other materials, insects or animals from entering the tank and to reduce the
amount of debris and sediment that can provide nutrients for microorganisms.?

A first flush diverter is also recommended to reduce the amount of contamination. One study by
Gardiner et al. (2004), on the effectiveness of rainwater first flush devices as described in
Rodrigo et al. (2008), reports that use of the first flush device resulted in 9 — 62% reduction in
bacterial load.” However, the majority (55%) of the rainwater tank samples still failed to meet the
Australian drinking water guidelines for microbial contaminants.” Most of the guidelines
reviewed dealt specifically with potable uses of rainwater, with testing and monitoring written to
meet drinking water quality standards.

With an increase in popularity of rainwater harvesting, undoubtedly more testing and guidelines
will be developed to ensure quality and safety for various uses. Currently, there are no
consistent standards for harvested rainwater used for non-potable purposes. The case studies
reviewed in this document show there is a potential for exposure to pathogens and to become
infected, although quantifying risk is difficult. Standards may reflect volume of rainwater
collected, use (and thus potential exposure), or both. Where there is a potential to ingest or
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inhale rainwater, guidelines generally require treatment via filtration and disinfection. Also,
potentially exposed populations should be considered, since the elderly, young or
immunocompromised may be more vulnerable and at greater risk. Lye (2009) notes that with
large-scale integration of rainwater catchment systems, governmental and legal considerations
need to be addressed, with users assuming more of the legal liabilities for ownership, operation,
and maintenance of these systems.?®
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What is grey water?

Grey water is used household water sourced from baths, showers, bathroom basins and laundries, but
doesn’t include toilet, kitchen sink, or dishwasher waste. Grey water may be re-used for low-risk
purposes, such as subsurface irrigation of lawns, ornamental gardens, or toilet flushing. Generally, grey
water from the kitchen (kitchen sink) is not recommended for reuse due to the high levels of organic
materials such as oils and fats.

How does grey water differ from sewage (black water)?

Both grey water and black water are types of wastewater. Grey water is the result of water being used
for household purposes, like bathing and washing clothes, while black water contains feces and urine
and other bodily wastes. Grey water can be recycled as its bacterial count is much lower than black
water, including the presence of pathogens. Accordingly, black water typically needs more intensive
treatment to kill the disease carrying bacteria present. Recycled grey water also tends to turn into black
water after use, as it can be used to flush toilets.

What laws apply to the use of grey water?

Technically under the Sewerage System Regulation, grey water is considered sewage, and discharging it
onto land, into a source of drinking water, surface water, or tidal waters is considered a health

hazard. All domestic sewage originating from a building must go into a public sewer or a sewerage
system, unless it is authorized under the 2012 Building code.

The 2012 Building code allows for the construction of non-potable water systems, and subsurface
irrigation with non-potable water. The Health Canada Guidelines for Domestic Reclaimed Water for use
in Toilet and Urinal Flushing provides further guidance for grey water systems, and is referenced in the
BC Building Code”. Local governments may also create bylaws which allow for the surface discharge of
grey water if it meets the provisions of the building code for grey water disposal.

Facts about grey water disposal

e Owners of grey water systems need to be aware of potential environmental impacts related to
grey water system maintenance and household habits, with particular attention to chemicals
used in the home (such as cleaning products and laundry detergents). Runoff of grey water from
the property must be avoided.

Canadian Guidelines for Domestic Reclaimed Water for Use in Toilet and Urinal Flushing, Federal-Provincial-Territorial Committee on health
and the Environment, Ottawa, Ontario, January, 2010.

BC 2012 Building Code

Code of Practice for the Reuse of Grey water in Western Australia, 2010, Government of Western Australia, Department of Health



e Grey water to be used for irrigation should be discharged below ground to reduce the risk of
human contact. However, surface discharge of grey water in the garden is possible, provided a
balance is achieved with the amount of grey water applied, and the solids and nutrients present
in the grey water that the plants and soil in the garden can absorb. Bucketing is a simple method
to collect grey water directly from the bathroom and laundry and apply evenly on garden or
lawn areas. Consider the following when irrigating your garden with grey water:

o Post warning signs to property users that the plants are surface-irrigated with grey
water (‘avoid contact’).

o Apply grey water evenly (to prevent ponding).

o For laundry water, select garden-friendly detergents (biodegradable and low in
phosphorus, boron, sodium, and chlorine).

o Avoid watering vegetables or (fruit — fallen to ground) intended for raw consumption.

o Don’t apply grey water in areas which are readily accessible to children, pets, or
immunocompromised people.

o Don’t reuse grey water when a household resident is sick (diarrhea, etc).

o Don’t reuse grey water which contains cleaning products, hair dye, or other chemicals
(paint, etc).

o Properly manage grey water so it doesn’t flow into the street, neighbouring properties,
or down storm water drains.

e Grey water treatment systems collect, store, treat (chemically and/or biologically) and may
disinfect grey water to the standards specified by the local authority. Depending on the level of
treatment, this enables the use of treated grey water for above ground irrigation, toilet flushing
and cold water supply to washing machines. Treated grey water can be stored for longer than 24
hours, unlike untreated grey water. All grey water diversion and grey water treatment systems
have to be approved by the local authority and must be installed by a licensed plumber.

e Grey water from laundries may contain high levels of sodium, carbonates, boron and
phosphates, which may have long-term effects on plants or soils.

More information on grey water

Additional information on grey water can be obtained by contacting your local health unit
(environmental health department), or the BC Ministry of Health, Health Protection Branch.
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