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Currently, water shortages exist in many countries and regions, with the rapid population 
growth and economic development of society, water issues, especially conflicts water 
shortages and economic and social development are well documented. Industrial and 

agricultural production relies heavily on water availability. Agricultural production accounts for 
human consumption of 60% of fresh water consumed in the world [1].  At the same time, 
improper treatment and utilization of water resources can threaten human health.

The Occurrence of Water-Transmitted Diseases
For water, wastewater and stormwater a lack of systematic governance can result in water 
contaminated by pathogens, and without proper treatment and disinfection, drink such water 
can led to the spread of disease. Further, treated drinking water distribution and storage can 
be at risk because of the lack of integration of sewage and stormwater management, or non-
compliance of machinery and equipment, resulting in contamination of drinking water.  

Human and animal feces and other biological pollutants in the water body may cause bacterial 
intestinal infectious diseases such as typhoid, dysentery, enteritis, cholera and so on. Common 
viruses such as poliovirus, Coxsackie virus, infectious hepatitis virus, etc., can be present in 
contaminated water bodies. As an example, diarrhea occurs world-wide and causes 4% of 
all deaths and 5% of health loss to disability. It is most commonly caused by gastrointestinal 
infections which kill around 2.2 million people globally each year, mostly children in developing 
countries [2].

Chemical contamination 
Polycyclic aromatic hydrocarbons, halogenated hydrocarbon contamination in water bodies 
are found in suspended solids and sediment adsorption. Bioaccumulation and consumption of 
these substances (in fish, for example) may induce cancer. Such contaminants also affects the 
health of fish and wildlife, and is pronounced when humans consume contaminated wildlife.

To reduce the risk of human illness due to exposure to contaminated source or drinking water, it 
is important for a city or a district to integrate water, wastewater and stormwater management. 
Integration of water systems improved water resources use and management, can reduce 
shortages to water resources and protect health. Halifax is the first integrated water, wastewater 
and stormwater utility in Canada, so this paper analyzes how Halifax Water manage their water 
systems and reduce health risks.

pt 1. introduction
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H alifax Water is the 1st regulated, integrated water, wastewater and stormwater utility in 
Canada. In 1945, when Halifax’s water resources where heavily degraded as a result of 
two world wars and the Great Depression (for example, with plumbing leaks and severe 

water loss), the Public Service Commission was charged to resolve water problems and repair 
the water systems [3].

In 1952, the Public Service Commission established a water company to buy the water 
management system and commercialize operations. Funds were acquired from the income and 
capital invested in the maintenance of the water system for the maintenance and upgrade of 
the water supply system, and as such, the Commission did not rely solely on the government’s 
financial assistance [4].  In 1986, the Public Service Commission was renamed the Halifax Water 
Commission [2]. By 1996, the Dartmouth and Halifax County water utilities were merged with 
the Halifax Water Commission as a result of municipal amalgamation [2].

In 2007, with the approval of the Nova Scotia Utility and Review Board., Halifax Water again 
expanded its mandate and included wastewater and stormwater assets. Halifax Water then 
became the first integrated water and wastewater and stormwater utility in Canada, recognized 
through regulation [5].

2.1  THE CURRENT SITUATION IN HALIFAX

Self-financed utility; Capital and operating budgets are funded directly from user fees and fire 
protection revenue [6].
• Because they have their own financing system, it provides flexibility and autonomy for 

allocation of operating funds. 

User pay systems fully established; No cross-subsidization with taxes.
• Halifax Water is responsible for the Municipal Water System. Users set up a water account. 

This provides residents have an overall understanding of water rate, wastewater discharge 
rate and stormwater rates and costs, and can encourage water conservation at home or 
business.

pt 2. halifax water
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Sound Governance; Operates like a business - governed by board of directors with rates, rules 
and regulations approved by Nova Scotia Utility and Review Board (NSUARB) [7].
•	 The	 Nova	 Scotia	 Utility	 and	 Review	 Board	 (NSUARB)	 provide	 water	 rates,	 wastewater	

discharge	rates	and	stormwater	rates	beginning	April	 1	2014.	 It	 is	a	water	company	that	
develops	charging	policies	while	also	encouraging	users	to	conserve	water,	for	example	by	
improving	water	equipment.

Focus on regaining compliance with environmental regulations, ensuring long-term protection 
of public health and the environment.
•	 Currently,	Halifax	has	a	Source	Water	Protection	program.	The	mandate	is	to	protect	water	

of	very	high	quality,	reducing	the	extent	and	cost	of	water	treatment	for	public	drinking	
supplies.	In	addition,	it	strengthens	the	appropriate	protection	for	lakes	and	streams,	and	
hunting,	fishing,	swimming	and	other	activities	in	given	locations.	The	protection	of	water	
resources	for	human	use	and	environment	are	coordinated	so	that	people	have	access	to	
a	healthy	environment.

2.2	 CURRENT	POLICIES	REGARDING	INTEGRATED	WATER	MANAGEMENT

Asset	management	is	central	to	Halifax.	The	emphasis	is	to	make	use	of	water	that	fully	meet	
the	needs	of	users,	but	also	to	promote	the	treatment	process	to	reduce	costs,	contributing	
to	economic	growth.	Asset	management	is	an	integrated	optimization	process	of	“managing	
infrastructure	assets	to	minimize	the	total	cost	of	owning	and	operating	them,	while	continuously	
delivering	the	service	levels	customers’	desire,	at	an	acceptable	level	of	risk”	[8].	

The	 Halifax	 Regional	 Water	 Commission	 (HRWC)	 is	 undertaking	 a	 long-term	 program	 of	
upgrading	the	distribution	system	pipe	network	 to	ensure	 long-term	 integrity	of	 the	HRWC	
system	and	encourage	consumers	to	check	their	homes	for	leaks	by	turning	off	all	water	fixtures	
and	monitoring	their	water	meter.	The	HRWC	also	sells	water	efficiency	products	such	as	toilet	
dams	[9].	

Halifax	Water	has	also	developed	a	Five-Year	Business	Plan	(2013-14	to	2017-18).	This	program	
combines	cost	of	service	/	rate	design,	integrated	resource	plan	and	debt	strategies	to	enhance	
normal	operations	and	economic	development	funds.	Wastewater	rates	vary	in	proportions	to	
the	corresponding	pricing	policy,	such	faulty	joints	in	the	network,	inflow	and	infiltration.		For	
stormwater,	rebates	apply	to	some	properties	that	do	not	drain	 into	Halifax	Water’s	system.	
Policies	wastewater	and	stormwater	pricing	reflect	the	need	to	make	reasonable	use	of	water,	
aimed	at	secondary	use	of	water	resources	to	prevent	waste,	given	that	water	scarcity	 is	an	
issue.

Halifax	Water’s	 planning	process	must	 be	 coordinated	with	 existing	 environmental	 policies.	
For	the	development	and	construction	of	water,	wastewater	and	stormwater	infrastructure,	the	
consideration	goes	beyond	water	treatment	and	utilization,	and	aims	to	ensure	the	resilience	
of	its	infrastructure	and	environmental	protection.
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2.3 THE DEVELOPMENT OF POLICIES LEADING TO IMPLEMENTATION

Full consideration of a number of factors that are important for integrated water systems 
include economic development, environmental impacts, impact on human health, income of 
various stakeholders and so on. 

The asset management process includes a framework to identify and address stakeholder needs 
and expectations.  Clearly, when a policy-making aim is to meet the needs and expectations 
of people, then engagement enables more successfully implementation including economic 
support [6]. 

The asset management business plan leads to self-financed, independent and flexible 
management. It provides an organization design that operationalizes asset management 
throughout Halifax Water’s business units and allows for strategic planning and understanding 
of future challenges and business drivers [11]. The asset management Roadmap is the master 
plan that guides Halifax Water’s Asset Management practices.

2.4 THE SUCCESS OF HALIFAX WATER

To establish and apply an integrated system requires a lengthy process. It resulted in a self-
financed utility from Nova Scotia Utility and Review Board management. It went well beyond 
drinking water supply, to specify the breakdown of water rates, wastewater discharge rates and 
stormwater rates. The integrated management of water resources has many advantages:

1. Mitigate Floods
Through the establishment of complete rainwater utilization system, it can effectively regulate 
the flow of stormwater peak runoff and then slowly discharge stormwater to protect against 
floods.

2. Reduce Pollutant Emissions
Ponds, wetlands and green corridors intercept runoff and sediment.

3. Implement Rainwater Resources
Protecting the natural form of river systems, and increasing infiltration ponds and wetlands 
systems may supplement urban water resources.  Such rainwater can be directly supplementary 
water resource for non-potable water use. Halifax has buildings that demonstrate water reuse 
and energy saving: the headquarters of a power company of Halifax is an example. Its central 
heat pumps use Halifax harbor water to cool the building and rainwater will be collected and 
used to flush the toilets.
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The US Clean water Act (for regulating water pollution) and the Safe Drinking Water 
Act  specify the quality of drinking water, thereby ensuring drinking water sanitation, to 
protect human health [11]. 

The Metropolitan Sewer District of Greater Cincinnati (MSDGC)
The MSDGC has illustrated the success of its Steps for Sustainable Watershed Evaluation and 
Planning Process (SWEPP) in the development of the partial remedy for Mill Creek, and plans to 
use this approach, along with lessons learned from implementation of the process, to address 
CSO (combined sewer overflow) and SSO (sanitary sewer overflow) issues in all of its watersheds 
[12]. 

They began the long journey of developing cost-effective ways to address local wet weather 
challenges in 2004 with the development of a Capacity Assurance Program Plan (CAPP). They 
have a 3-year study of Lower Mill Creek (LMC Study). During the LMC Study, the MSDGC 
advanced detailed planning and design for a source control approach conducive with integrated 
watershed planning [9]. 

As the area became urbanized, many streams and waterways were directed into underground 
pipe networks; both sanitary sewage and stormwater were directed into the same pipes. When 
the capacity of the pipe is exceeded, overflows occur in rivers and streams and back up into 
basements. Facing such conditions, they put forward their clean water act, which required that 
industrial stormwater discharges and municipal separate storm sewer systems obtain National 
Pollutant Discharge Elimination System (NPDES) permits and meet requirements for non-point 
source control.

pt 3. related policies in 
other areas
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The MSDGC has a policy that all requests for industrial discharges include an evaluation 
of the potential impacts of the proposed industrial development (or redevelopment) on 
stormwater runoff to the combined sewers. Potential permittees must implement stormwater 
best management practices (BMPs) to meet specific stormwater detention requirements and 
implement pollution prevention to monitor impacts associated with downstream combined 
sewer overflows (CSOs) [9].  

Stormwater management and control technologies should be evaluated and selected based 
on water quality conditions downstream of the watershed and the types of pollutants in the 
watershed. There are many technologies that can be used to manage and control stormwater 
runoff. These technologies should be evaluated and selected based on water quality conditions 
downstream of the watershed and the types of pollutants in the watershed.

British Columbia’s Liquid Waste Management Plans (LWMPs)
British Columbia LWMPs, which are created by local governments under a public process in 
co-operation with the Province. The purpose of Liquid Waste Management Plan (LWMPs) are 
to minimize the adverse environmental impact of the Official Community Plan and ensure that 
development is consistent with Provincial objectives [13].
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A  strong policy direction includes local government engagement with stakeholders, along 
with self-financing abilities. In the case of Halifax good policy requires the identification 
of opportunities and constraints, evaluation, plan development, implementation, and 

revision to address deficiencies. 

Halifax emphasizes asset management - with a clear goal of including the need to meet 
consumer demand for cost-effective services, while maximizing income. This includes strategies 
to achieve a common vision, aligned with stakeholder input, framework design, community 
resources, risk analyses and fiscal control. 

Integration of water management benefits from the following:

• An overall master plan for water, wastewater and stormwater service. This allows for water 
use and management as a comprehensive development plan. It can also reduce the 
potential risks to drinking water.

• Formulate relevant policies or regulations to harmonize water resources and sustainable 
environmental development. It is useful to consider cooperate governance management 
across in different departments, such as the cooperation seen with Centers for Disease 
Control and Prevention. 

• Data collection and research. Lack of data analysis and little system integration cannot fully 
meet consumers’ needs. Detailed data can be assess water consumption and waste water 
patterns. 

pt 4. proposed approach for 
integrating water resources
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