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Introduction
Water means different things to different people. It has unique physical and chemical properties; you can
freeze it, melt it, evaporate it, heat it, and combine it.
Normally, water is a liquid substance made of molecules containing one atom of oxygen and two atoms of
hydrogen (H2O). Pure water has no colour, no taste, no smell, turns to a solid at 0°C and a vapour at 100°C.
Its density is 1 gram per cubic centimetre (1 g/cm3), and it is an extremely good solvent.

All life depends on water. It makes up over one half of the human body. A person can live without food for
more than a month, but can live for only a few days without water. All living things, from the tiniest insect to
the tallest tree, need water to survive.

Water – Nature's Magician
Water is the solvent, the medium and the participant in most of the chemical reactions occurring in our
environment.
Water is at once simple and complex. A water molecule itself is simple, made up of three atoms: two
hydrogen and one oxygen, H20. The configuration of these building blocks produces a molecule with almost
magical properties.

Water – visible and invisible
On Earth, water is found as a liquid, as a solid (ice) or as a gas (water vapour).
Canada has about 7 percent of the world's renewable freshwater supply, compared with 18 percent for
Brazil, 9 percent for China and 8 percent for the United States.
The ice we skate on in winter is water in its solid form. Unlike most substances, which are densest in
their solid state, ice is less dense than water and thus floats. If this were not the case, lakes and rivers
would freeze from the bottom up. Fish could not survive, and it is unlikely that rivers and lakes in
northern countries would ever completely thaw.

Water vapour forms a kind of global "blanket" which helps to keep the earth warm. Heat radiated from
the sun-warmed surface of the earth is absorbed and held by the vapour.
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Water's magical properties

Water molecules are attracted to each other, creating hydrogen bonds. These strong bonds determine
almost every physical property of water and many of its chemical properties too.

Boiling and freezing
Pure water at sea level boils at 100°C and freezes at 0°C. At higher elevations (lower atmospheric pressures)
water's boiling temperature decreases. This is why it takes longer to boil an egg at higher altitudes. The
temperature does not get high enough to cook the egg properly. If a substance is dissolved in water, then
the freezing point is lowered. That is why we spread salt on streets in winter to prevent ice formation.

Thermal properties
Water absorbs or releases more heat than many substances for each degree of temperature increase or
decrease. Because of this, it is widely used for cooling and for transferring heat in thermal and chemical
processes.
Differences in temperature between lakes and rivers and the surrounding air may have a variety of effects.
For example, local fog or mist is likely to occur if a lake cools the surrounding air enough to cause saturation;
consequently small water droplets are suspended in the air.
Large bodies of water, such as the oceans or the Great Lakes, have a profound influence on climate. They
are the world's great heat reservoirs and heat exchangers and the source of much of the moisture that falls
as rain and snow over adjacent land masses.
When water is colder than the air, there is less precipitation, winds are reduced, and fog banks are formed.

Surface tension
Surface tension is a measure of the strength of the water's surface film. The attraction between the water
molecules creates a strong film, which among other common liquids is only surpassed by that of mercury.
This surface tension permits water to hold up substances heavier and denser than itself. A steel needle
carefully placed on the surface of a glass of water will float. Some aquatic insects such as the water strider
rely on surface tension to walk on water.
Surface tension is essential for the transfer of energy from wind to water to create waves. Waves are
necessary for rapid oxygen diffusion in lakes and seas.

Molecules in motion
Water molecules, as well as binding to each other, bind to many other substances such as glass, cotton,
plant tissues and soils. This is called adhesion. For example, in a thin glass tube, when the molecules at the
edge reach for and adhere to the molecules of glass just above them, they at the same time tow other water
molecules along with them. The water surface, in turn, pulls the entire body of water to a new level until the
downward force of gravity is too great to be overcome. This process is called capillary action.
Thus water readily wets many materials. Capillary action allows a paper towel or a sponge to be used to soak
up spilled water. Without this property, the nutrients needed by plants and trees would remain in the soil.

The universal solvent
An extraordinary property of water is its ability to dissolve other substances. There is hardly a substance
known which has not been identified in solution in the earth's waters. Were it not for the solvent property of
water, life could not exist, because water transfers nutrients vital to life in animals and plants.

A drop of rain water falling through the air dissolves atmospheric gases. When rain reaches the earth, it
affects the quality of the land, lakes and rivers.

Did You Know?
Raindrops are not tear-shaped. Scientists, using high-speed cameras, have discovered that raindrops
resemble the shape of a small hamburger bun.
The average human body is composed of about 55 percent water.
Life on Earth probably originated in water.
More than half of the world's animal and plant species live in the water.
Almost 70 percent of the earth is covered in water.
The human body needs 2 litres of water a day in our climate; we can last only a few days without
water.
Most of our food is water: tomatoes (95%), spinach (91%), milk (90%), apples (85%), potatoes
(80%), beef (61%), hot dogs (56%).
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Introduction
From the beginning of time when water first appeared, it has been constant in quantity and continuously in
motion. Little has been added or lost over the years. The same water molecules have been transferred time
and time again from the oceans and the land surface into the atmosphere by evaporation, dropped on the
land as precipitation, and transferred back to the sea by rivers and groundwater. This endless circulation is
known as the "hydrologic cycle".

Evaporation
As water is heated by the sun, surface molecules become sufficiently energized to break free of the attractive
force binding them together, and then evaporate and rise as invisible vapour in the atmosphere.

Transpiration
Water vapour is also emitted from plant leaves by a process called transpiration. Every day an actively
growing plant transpires 5 to 10 times as much water as it can hold at once.

Condensation
As water vapour rises, it cools and eventually condenses, usually on tiny particles of dust in the air. When it
condenses it becomes a liquid again or turns directly into a solid (ice, hail or snow). These water particles
then collect and form clouds.

Precipitation
Precipitation in the form of rain, snow and hail comes from clouds. Clouds move around the world, propelled
by air currents. For instance, when they rise over mountain ranges, they cool, becoming so saturated with
water that water begins to fall as rain, snow or hail, depending on the temperature of the surrounding air.

Runoff
Excessive rain or snowmelt can produce overland flow to creeks and ditches. Runoff is visible flow of water in
rivers, creeks and lakes as the water stored in the basin drains out.

Percolation
Some of the precipitation and snow melt moves downwards, percolates or infiltrates through cracks, joints
and pores in soil and rocks until it reaches the water table where it becomes groundwater.

Groundwater
Subterranean water is held in cracks and pore spaces. Depending on the geology, the groundwater can flow
to support streams. It can also be tapped by wells. Some groundwater is very old and may have been there
for thousands of years.

Water table
The water table is the level at which water stands in a shallow well.
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The Sun-Powered Cycle
Heating of the ocean water by the sun is the key process that keeps the hydrologic cycle in motion. Water
evaporates, then falls as precipitation in the form of rain, hail, snow, sleet, drizzle or fog. On its way to Earth
some precipitation may evaporate or, when it falls over land, be intercepted by vegetation before reaching
the ground. The cycle continues in three different ways:
Evaporation/transpiration – On average, as much as 40 percent of precipitation in Canada is
evaporated or transpired.
Percolation into the ground – Water moves downward through cracks and pores in soil and rocks to the
water table. Water can move back up by capillary action or it can move vertically or horizontally under
the earth's surface until it re-enters a surface water system.
Surface runoff – Water runs overland into nearby streams and lakes; the steeper the land and the less
porous the soil, the greater the runoff. Overland flow is particularly visible in urban areas. Rivers join
each other and eventually form one major river that carries all of the sub-basins' runoff into the ocean.
Although the hydrologic cycle balances what goes up with what comes down, one phase of the cycle is
"frozen" in the colder regions during the winter season. During the Canadian winter, for example, most of the
precipitation is simply stored as snow or ice on the ground. Later, during the spring melt, huge quantities of
water are released quickly, which results in heavy spring runoff and flooding.
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See also: Groundwater

The Water-Climate Relationship
Water plays a basic role in the climate system through the hydrologic cycle, but water is intimately related to
climate in other ways as well. It is obvious, from a water resource perspective, how the climate of a region to
a large extent determines the water supply in that region based on the precipitation available and on the
evaporation loss. Perhaps less obvious is the role of water in climate. Large water bodies, such as the oceans
and the Great Lakes, have a moderating effect on the local climate because they act as a large source and
sink for heat. Regions near these water bodies generally have milder winters and cooler summers than would
be the case if the nearby water body did not exist.
The evaporation of water into the atmosphere requires an enormous amount of energy, which ultimately
comes from the sun. The sun's heat is trapped in the earth's atmosphere by greenhouse gases, the most
plentiful of which by far is water vapour. When water vapour in the atmosphere condenses to precipitation,
this energy is released into the atmosphere. Fresh water can mediate climate change to some degree
because it is stored on the landscape as lakes, snow covers, glaciers, wetlands and rivers, and is a store of
latent energy. Thus water acts as an energy transfer and storage medium for the climate system.
The water cycle is also a key process upon which other cycles operate. For example one needs to properly
understand the water cycle in order to address many of the chemical cycles in the atmosphere.
See also: Water and Climate Change
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Introduction
An aquatic ecosystem is a group of interacting organisms dependent on one another and their water
environment for nutrients (e.g., nitrogen and phosphorus) and shelter. Familiar examples are ponds, lakes
and rivers, but aquatic ecosystems also include areas such as floodplains and wetlands, which are flooded
with water for all or only parts of the year. Seemingly inhospitable aquatic ecosystems can sustain life.
Thermal springs, for instance, support algae and some insect species at water temperatures near the boiling
point; tiny worms live year-round on the Yukon ice fields; and some highly polluted waters can support large
populations of bacteria.
Even a drop of water is an aquatic ecosystem, since it contains or can support living organisms. In fact,
ecologists often study drops of water -- taken from lakes and rivers -- in the lab to understand how these
larger aquatic ecosystems work.

Organisms found in aquatic ecosystems
Aquatic ecosystems usually contain a wide variety of life forms including bacteria, fungi, and protozoans;
bottom-dwelling organisms such as insect larvae, snails, and worms; free-floating microscopic plants and
animals known as plankton; large plants such as cattails, bulrushes, grasses, and reeds; and also fish,
amphibians, reptiles, and birds. Viruses are also a significant part of the microbial ecology in natural waters
and have recently been shown to play an important role in the nutrient and energy cycles.
The assemblages of these organisms vary from one ecosystem to another because the habitat conditions
unique to each type of ecosystem tend to affect species distributions. For example, many rivers are relatively
oxygen-rich and fast-flowing compared to lakes. The species adapted to these particular river conditions are
rare or absent in the still waters of lakes and ponds.

Freshwater Aquatic Ecosystems in Canada
Canada contains an abundance of freshwater ecosystems, including lakes, ponds, rivers, streams, prairie
potholes, and wetlands.
A lake is a sizable water body surrounded by land and fed by rivers, springs, or local precipitation. The broad
geographical distribution of lakes across Canada is primarily the result of extensive glaciation in the past.

Lakes can be classified on the basis of a variety of features, including their formation and their chemical or
biological condition. One such classification identifies two types of lakes: oligotrophic and eutrophic.
Oligotrophic lakes are characterized by relatively low productivity and are dominated by cold-water bottom
fish such as lake trout. Eutrophic lakes, which are shallower, are more productive and are dominated by
warm-water fish such as bass. Great Slave Lake (Northwest Territories) and most prairie lakes represent the
two types, respectively.
Ponds are smaller bodies of still water located in natural hollows, such as limestone sinks, or that result
from the building of dams, either by humans or beavers. Ponds are found in most regions and may exist
either seasonally or persist from year to year.
Rivers and streams are bodies of fresh, flowing water. The water runs permanently or seasonally within a
natural channel into another body of water such as a lake, sea, or ocean. Rivers and streams are generally
more oxygenated than lakes or ponds, and they tend to contain organisms that are adapted to the swiftly
moving waters (e.g., black fly larva and darter fish). Some of the larger rivers in Canada include the
St. Lawrence, Mackenzie, Fraser, Athabasca, North and South Saskatchewan, and Saint John rivers.
Some rivers flow into oceans, the great saltwater bodies that cover 70% of the earth's surface. The tidal
areas where saltwater and fresh water meet are called estuaries. These productive ecosystems, found on
Canada's coasts, contain unique assemblages of organisms, including starfish and sea anemones.
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Aquatic Ecosystem Health
Healthy aquatic ecosystems are those where human disturbances have not impaired the natural functioning
(e.g., nutrient cycling) nor appreciably altered the structure (e.g., species composition) of the system. An
unhealthy aquatic ecosystem is one where the natural state is out of balance.
These disturbances can be physical (e.g., injection of abnormally hot water into a stream), chemical (e.g.,
introduction of toxic wastes at concentrations harmful to the organisms), or biological (e.g., introduction
and propagation of non-native animal or plant species). Symptoms of poor ecosystem health include the
following:
the loss of species;
the accelerated proliferation of organisms. One example is algae blooms caused by an excess of
phosphorous and nitrogen compounds in the water. This condition is called "eutrophication";
increased incidences of tumours or deformities in animals;
a change in chemical properties. Perhaps one of the most significant has been a reduction of pH in
water caused by acid rain;
the presence of certain organisms that indicate unsanitary conditions. Coliform bacteria, for example,
are a sign that the system may contain organisms that cause a variety of human diseases such as
diarrhea, typhoid, and cholera; and
the loss of traditional Aboriginal culture associated with the ecosystem.
Many symptoms of poor ecosystem health occur simultaneously. For instance, increased lake acidity may kill
certain species, thereby allowing the temporary proliferation of species more tolerant of acidity.

The importance of healthy aquatic ecosystems
Why is aquatic ecosystem health important to humans? Because everything is connected, where an
ecosystem is out of balance eventually humans will begin to suffer as well. Our health and many of our
activities are dependent on the health of aquatic ecosystems. Most of the water that we drink is taken from
lakes or rivers. If the lake or river system is unhealthy, the water may be unsafe to drink or unsuitable for
industry, agriculture, or recreation--even after treatment. Uses of aquatic ecosystems are impaired when
these systems are unhealthy. Following are some examples.
Inland and coastal commercial fisheries have been shut down due to fish or shellfish contamination or
the loss of an important species from the system.

The frequency of urban beach closures has escalated as a result of contamination by animal feces and
medical waste.
Navigation problems for pleasure craft, caused by the rapid expansion of bottom-rooted aquatic plants,
have increased.
The proliferation of non-native species has created problems. One recent example is the rapidly
expanding zebra mussel population, introduced from the ballast waters of a European freighter into the
Great Lakes. Zebra mussels have few natural predators, and because the female can produce
30 000 eggs yearly, they are expected to spread throughout most of the freshwater systems of North
America. This mussel species is already clogging industrial and municipal water treatment intake pipes,
coating boats and piers, and causing beach closures.

Restoring the health of an aquatic ecosystem
Can we restore the health of an aquatic ecosystem? Perhaps, but it takes time and is dependent on the
nature of the disturbance. The effects of dredging, for example, may last from one to several years, but
many of the displaced organisms such as fish can re-establish themselves. In other cases, more severe
disturbances (e.g., dam construction) may cause local extinction of already endangered species. These
ecosystems are unlikely to recover naturally.
In many cases, mechanisms exist that allow us to help restore ecosystem health or minimize detrimental
impacts caused by human use. Following are some of these mechanisms.
Environmental legislation: Legislation such as the Canadian Environmental Protection Act (CEPA) is
designed to ensure that Canadians and the aquatic environment are protected from exposure to toxic
substances and from the risks associated with the use of chemicals.
Integrated resource planning: This approach ensures that relationships among land use, development,
water flows, water quality, and aquatic ecosystems are considered prior to an area's land use
designation.
Technology: Measures to improve the quality of waste discharges and to lower both water demands
and effluent loading are being implemented in response to environmental and water use concerns.
Environmental monitoring: Monitoring of chemicals in water, sediment, and organisms helps to identify
potential ecosystem problems and to track existing problems.
Compensatory measures: For example, a fish hatchery operation can produce young fish that a
disturbed habitat can no longer supply.
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Ecosystems are comprised of four basic components: water, land (rock and soils), air and living things
(plants and animals including humans). Everything in an ecosystem is related to everything else.
Consequently, anything that occurs in one of these basic components will have an effect on the other three.
Thinking in terms of ecosystems is key to achieving sustainability because an ecosystem approach places
equal emphasis on concerns related to the environment, the economy and the community.
An ecosystem approach is one of five guiding principles underlying Environment Canada's Ecosystem
Initiatives.
.
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Atmospheric water is water present in the atmosphere either as a solid (snow, hail), liquid (rain) or gas
(fog, mist).
There is always water in the atmosphere. Clouds are, of course, the most visible manifestation of
atmospheric water, but even clear air contains water -- water in particles that are too small to be seen.
The interdependency of surface water, groundwater, and atmospheric water is of great importance in the
hydrologic cycle.
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Snow’s Importance in Water Resources
Snow is precipitation in the form of ice crystals. When it falls to the ground and accumulates, it may be
considered as water in storage. In Canada, about 36% of the total annual precipitation is in the form of
snow. Much of Canada's annual precipitation comes as snow: in the North, 50%; in the Prairies, 25%; and
on both coasts and in southern Ontario, as little as 5%.
Snow exerts a marked effect on the distribution of streamflow throughout the year. Instead of immediately
infiltrating the soil or running off into stream channels as rainfall does, this water is first stored in the
snowpack for several months. When the winter snowpack melts in the spring, it becomes a significant portion
of the water available for streamflow. Because snow accumulates during periods when the evaporation loss is
low, the relative contribution of its meltwaters to streamflow in some regions may be greater than the flow
contributed by rainfall.

The relatively quick melting of snow in spring causes peak flows, sometimes resulting in floods. Some of the
worst and most unpredictable flooding occurs when ice that has not yet melted is carried along in the swollen
rivers until it jams, blocking the flow of water and creating a lake behind the jam with attendant flooding.

When the ice jam breaks, a tremendous amount of water is suddenly released downstream, and more
flooding may result.
On the other hand, snow supplies at least one third of the water used for irrigation in the world and is an
important contributor to hydropower reservoirs. The fact that snow acts as water storage over the winter and
provides soil moisture recharge in the spring is of particular importance to agricultural productivity in some
regions.

Snow, Ice and Climate in the North
The cold northern climate slows down many processes in the hydrologic cycle. For example, in the Northwest
Territories and Nunavut, where water bodies remain ice-covered for six to ten months of the year, there is
little evaporation or precipitation occurring in winter due to the low moisture capacity of air at low
temperatures. Runoff from winter snowfall is concentrated in the brief period of spring snowmelt, breakup,
and flooding. Most of the highest streamflows in the Northwest Territories and Nunavut occur during spring
runoff, except in the Mackenzie Mountains part of western Northwest Territories, where significant summer
rainfall floods occur. Melting snow can also contribute to runoff for substantial parts of the summer -– for
example it takes about two months for snowmelt to make its way through the Mackenzie River system.
The Yukon has an appreciably different climate. There the ice cover lasts from five to eight months, most of
the precipitation is in winter, and evaporation is high. The runoff in the Yukon comes from both snowmelt
and glacial melt. Glacial melt causes the characteristic August high water levels in the western Yukon rivers
that drain off high mountains. This high water period is critical to the local ecosystems.

Glaciers – nature's frozen rivers
A huge quantity of fresh water is frozen in polar ice caps and in high mountain glaciers. Snow that is packed
down over many years at high elevations becomes glacial ice, which slowly proceeds downslope like a frozen
river, under the pull of gravity, and eventually melts to become part of streamflow at lower elevations. If the
rate of melting is greater than the rate of accumulation, the glacier recedes; if it is less, the glacier
advances.
Glaciers exert a direct influence on the hydrologic cycle by slowing the passage of water through the cycle.
Like lakes and groundwater reservoirs, glaciers are excellent natural storehouses, releasing water when it is
needed most. Glaciers, however, can release water when you need it least. Glacier-outburst floods, called
jökulhlaups, can be devastating. Glacier-fed rivers reach their peak during hot summer weather.
See also: The Hydrologic Cycle
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Introduction
Rivers are of immense importance to the geology, biology, history and culture of Canada. Although they
contain only a small portion of the total amount of water in the country at any given time, rivers play a vital
role in the hydrological cycle. They act as drainage channels for surface water; provide habitat, nourishment
and means of transport to countless organisms; offer travel routes for exploration, commerce and
recreation; leave valuable deposits of sediments; provide the power to produce much of the electrical energy
we use; and create the majestic scenery that is such an integral part of the Canadian landscape.
Rivers are natural watercourses, flowing over the surface in channels, which drain discrete areas of land. The
existence, size and flow of a river are influenced by: the availability of surface water, a channel in the
ground, and an inclined surface. In this sense the term “river” includes all kinds of watercourses, from the
tiniest of brooks to the largest of rivers.

In actual fact, Canada has some very large rivers, with many of these situated north of 60 degrees latitude.
The Mackenzie River, for example, is over 4000 kilometres long and is the country’s largest river. The
longest of Canada’s rivers are depicted in the table below.

Drainage Patterns
It is important to remember that all of this water is interconnected. The area that drains all precipitation
received as a runoff or base flow (groundwater sources) into a particular river or set of rivers is call a
drainage basin or watershed. And all these small watersheds combine to make up regional watersheds,
which in turn join others to form continental watersheds.
Rivers in Canada flow into five continental watersheds; one to each surrounding ocean: the Pacific, the
Arctic, and the Atlantic as well as to Hudson Bay and to the Gulf of Mexico. A river's watershed or drainage
basin -- the area supplying it with water -- is separated from the watersheds of neighbouring rivers by higher
lands called drainage divides.

Natural Resources Canada's Atlas of Canada provides additional information and maps on Canada’s
geography including: fresh water, drainage patterns, and Canada’s watersheds.

Sculpting the earth
As a swiftly flowing river, water can erode the underlying terrain. Where the river slope is flatter, the river
slows down and deposits materials. This usually occurs in the lower reaches and especially near the mouth of
the river, either at a lake or an ocean. A river can carve steep valleys, especially in higher parts of the
drainage basin. In the lower parts of the basin, deposits may create deltas at the river's mouth.
The volume of water flowing in a river, together with the speed and timing of the flows, determines how a
river shapes the surrounding landscape and how people can use its waters. Rainfall, snowmelt, and
groundwater all contribute to the volume of flow, producing variations from season to season and year to
year.

In Canada, most high flows are caused by spring snowmelt. This is the season when floods are most likely to
occur. Rainstorms can also cause high flows and floods, especially on small streams. The effects of floods
and storms can be much less severe on rivers with large drainage basins. The lowest flows for rivers in
Canada generally occur in late summer, when precipitation is low and evaporation along with consumption by
plants is high, and in late winter, when rivers are ice covered and the precipitation is stored until spring in
the form of ice and snow.
See also Erosion and Sedimentation section
Section Menu

Measuring River Flows
Environment Canada's Water Survey of Canada, along with many contributing agencies, presently measures
the rate of flow (discharge) in rivers and records the levels of lakes and rivers at more than 2600 locations in
Canada. The following table indicates river flows at various locations in Canada.

Location

Typical river flows at various locations in Canada
(from lowest to highest daily average, m3/second)
River
Annual
average

Daily average
Highest Lowest

Prince Edward
Island

Dunk River at Wall Road

2.55

84.7

0.212

Saskatchewan

Qu'Appelle River near Lumsden

5.44

436

0

New Brunswick

Lepreau River at Lepreau

7.37

340

0.028

Manitoba

Manigotagan River near Manigotagan

8.93

103

0.065

Ontario

Rideau River at Ottawa

37.2

583

1.48

Newfoundland

Gander River at Big Chute

119

1 170

2.78

Alberta

Athabaska River at Hinton

175

1 200

10.8

Yukon

Yukon River at Whitehorse

243

646

32.6

Saskatchewan

South Saskatchewan River at Saskatoon

254

3 940

14.2

Quebec

Rivière aux Outardes à la Centrale de Chute-auxOutardes

387

2 830

10.5

New Brunswick

Saint John River below Mactaquac

809

11 100

21.5

Ontario

Ottawa River at Britannia

1 180

5 060

245

Newfoundland

Churchill River above Upper Muskrat Falls

1 740

6 820

253

British Columbia

Fraser River at Hope

2 720

15 200

340

Ontario

Niagara River at Queenston

5 880

9 760

2 440

Ontario

St. Lawrence River at Cornwall

7 350

10 700

4 500

Northwest
Territories

Mackenzie River at Norman Wells

8 480

33 300

1 680

Note: This table is based on historical data to 1999, extracted from the national HYDAT database.

How do you measure water in lakes and rivers?
Water levels are read manually by gauge readers or continuously recorded either electronically or on
graph paper or in digital form.
Rate of flow (or discharge) requires multiple measurements of channel depth, width, and flow velocity
to yield the average discharge in the stream crossing for a given water level. Measurements can be
made electronically from a bridge, by wading into a stream, by boat, or from a cableway strung across
the river. In winter, the measurements are made through the ice.
With sufficient measurements of flow over a variety of water levels (including extreme lows and highs),
a water level-discharge relationship is established at each location so that the discharge can be
computed from measured water levels.
Historical records from 5000 active and discontinued sites permit the estimation of streamflow at
ungauged locations.
Water level and discharge information such as this is essential for the wise management of Canada's water
resources. For example, the information can be used to
allocate water between various users;
manage water resources or minimize the impacts of extreme flows (e.g., flood protection, floodplain
mapping, diversion canals, and irrigation);
design and construct bridges, canals, culverts, roadways, water supplies, irrigation facilities, and
countless other structures;
plan and conduct environmental programs and assessments related to water quality, fisheries, and
wildlife habitat; and,
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The Importance of Rivers in Canadian History
Flowing water has provided Canada with more than inspiration. During the period of European colonization,
the rivers carried furs, trade goods, and explorers, heralding the influx of settlers into the wilderness.
The arrangement of streams and rivers flowing into Hudson Bay and into the Mackenzie and St. Lawrence
Rivers permitted canoes to travel west and north across the length and breadth of the land that became
Canada.

Rivers were central to the political and economic development of Canada. For instance, long before Canada
became a nation, the Red River was central to life in Manitoba. Like those along the St. Lawrence, farms
were laid out as long, narrow river lots, giving settlers access to the river. As a result, a distinctive western
society emerged on the banks of the Red River in the 19th century. This Red River Settlement was a
uniquely dual society consisting of near equal numbers of French-speaking Catholic Métis and Englishspeaking Protestant settlers.
The distant government in Ottawa understood neither the make up of the population or its intimate
relationship with the Red River. It inflicted on the people a land survey that ignored the river lot system,
alienating people from their way of life. Violence erupted and the tragedy of the Red River Rebellion followed.
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Introduction
A lake is a sizable water body surrounded by land and fed by rivers, springs, or local precipitation.
Canadian lakes, and there are many thousands of them, are a source of great natural beauty. But besides
this beauty, lakes provide us with a wide range of practical benefits. Much of our domestic, agricultural and
industrial water requirements come from surface water, and much of this surface water is contained in lakes.
Lakes also provide us with avenues of transportation, recreational opportunities, and centres of biodiversity
and natural ecosystems.
Certain land use practices and other human activities have endangered the health of some of our lakes,
including the Great Lakes -- the largest system of fresh, surface water on earth.

By the Numbers
The country’s largest lakes are depicted in the table below.

Canada has more lake area than any other country in the world, with 563 lakes larger than 100 square
kilometres. The Great Lakes, straddling the Canada-U.S. boundary, contain 18% of the world's fresh lake
water.
Natural Resources Canada's Atlas of Canada provides additional information and maps on Canada’s
geography including: fresh water, lakes, and Canada’s watersheds.
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Introduction
Wetlands are submerged or permeated by water -- either permanently or temporarily -- and are
characterized by plants adapted to saturated soil conditions. Wetlands include fresh and salt water marshes,
wooded swamps, bogs, seasonally flooded forest, sloughs -- any land area that can keep water long enough
to let wetland plants and soils develop.
They are the only ecosystem designated for conservation by international convention. They have been
recognized as particularly useful areas because:
they absorb the impact of hydrologic events such as large waves or floods;
they filter sediments and toxic substances;
they supply food and essential habitat for many species of fish, shellfish, shorebirds, waterfowl, and
furbearing mammals;
they also provide products for food (wild rice, cranberries, fish, wildfowl), energy (peat, wood,
charcoal), and building material (lumber); and
they are valuable recreational areas for activities such as hunting, fishing, and birdwatching.
In the past, wetlands were considered wasteland, and many of southern Canada's wetlands were drained or
filled in so that they could be farmed or built upon. Recently the value of wetlands has been recognized and
efforts have been made to protect these ecosystems. However, they are still disappearing under the pressure
of human activity, and are being threatened by air pollution and climate change.
Options to prevent further loss of wetlands include the following:
adding sediment to coastal wetlands to keep up with rising sea levels;
planting grasses to protect coastal sands from erosion;
building dikes or barrier islands;
controlling water levels artificially; and
developing a national policy of protection.

About Wetlands

Wetland Functions and Values
Wetlands represent one of the most important life support systems in the natural environment. Wetlands
provide:
A water filtration system...removing contaminants, suspended particles and excessive nutrients,
improving water quality and renewing water supplies.
An irreplaceable habitat...nesting, feeding and staging ground for several species of waterfowl and
other wildlife such as reptiles and amphibians, and also for many species at risk.
A high quality spawning and nursery area for many species of fish.
Natural shoreline protection...protecting coastal areas from erosion.
A reservoir...helping to control and reduce flooding through water storage and retention.
A source of oxygen and water vapour...playing a vital role in the natural atmospheric and climatic
cycles.
Recreational activities...hiking, birdwatching and fishing.

The functions and values of wetlands are becoming increasingly clear to scientists and those who manage
wetlands. However, the difficulty faced by these individuals is how to communicate these functions and
values in a way that will be understood by land owners, government regulators and the public.
In other sectors of the economy, the most common way of demonstrating the value of something is to quote
a price. But what is the price of a wetland? There is an entire branch of economics emerging that is devoted
to the assessment of ecological value. For more information on how to value wetlands, see Putting an
Economic Value on Wetlands - Concepts, Methods and Considerations.

Wetland Stresses
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The importance of wetlands to both humans and ecosystems is increasingly
being recognized; however, there are many direct and indirect stresses that
continue to threaten habitats. Stresses can also be classified as natural or
human-induced. Many wetlands are able to adapt to natural stresses, such as
storms, ice damage and low water levels. Unfortunately, human-induced
stresses often occur so quickly and drastically that wetlands are not able to fully
recover.

Direct Stresses

Direct stresses are those that occur within a wetland, such as dredging, filling,
draining, and invasive species. They are usually human-induced, highly visible and can
result in rapid changes to wetlands.
Great Lakes coastal wetlands are often located at river
mouths and in protected areas which are also favourable
places for harbours. As a result, dredging has historically
occurred in wetland areas to allow the safe entry of boats.
Deepening the water and removal of sediments can result in
the destruction of wetland habitat. In the same way,
draining and filling of small wetlands for urban development
and to increase agricultural area results in significant losses
of wetland area and function each year.
Invasive species are those that reproduce so aggressively that they displace native plants in the area that
they have become established. Common invasive wetland plants include Purple Loosestrife and Eurasian
Water Milfoil. Aggressive fish and wildlife can also be a problem. Carp, a fish introduced from Europe,
damages wetland ecosystems while feeding and spawning by uprooting submerged vegetation and increasing
the cloudiness of the water which decreases light penetration required for plant growth.

Indirect Stresses
Indirect stresses are often less pronounced, causing changes to occur to wetland function and vegetation
communities over a longer period of time. It is often difficult to pinpoint the exact source of these stresses.

Indirect stresses include runoff from upstream agricultural practices, sewage
treatment plants and industrial sources which can cause loading of nutrients,
sediments and toxic chemicals in downstream wetlands. Due to the collective
contribution of sources, it is often difficult to remediate these problems. Fortunately,
wetlands are able to assimilate some nutrients and toxic chemicals through plant
uptake and the interaction of flowing water with microbial communities active in the
wetland soils. These tiny organisms are able to transform and break down nutrients
and some toxic chemicals.
Another indirect stress is lakewide water level regulation, which occurs on Lake
Superior and, to a more significant extent, on Lake Ontario. Regulation is carried
out to maintain water levels in the Great Lakes at a level appropriate to
accommodate navigation, shipping, hydroelectric power and shoreline landowners.
However, this means less natural variability in water levels, to which coastal
wetlands have adapted over many years. Alternating high and low water levels
often lead to more diverse plant communities: thus, consistent high or low water
levels can cause less diverse systems by excluding those species that rely on
periodic changes in water level.
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Habitat Types
There are a wide variety of wetland habitats and species. The five major freshwater wetlands
types are represented in protection activities: marsh, swamp, bog, fen, and shallow open water.
Each of the habitat types is described below.

Marshes
These wetlands are periodically or permanently covered by standing or slowly moving
water. Marshes are rich in nutrients and are characterized by an emergent vegetation of
reeds, rushes, cattails and sedges. Water remains within the rooting zone of these plants
for most of the growing season. Marshes are the most productive wetlands habitat.

Swamps
Swamps are dominated by shrubs or trees. They may be flooded seasonally or for long
periods of time. Swamps are both nutrient rich and productive. Vegetation may be
composed of coniferous or deciduous forest or tall thickets. Swamps are most common in
temperate areas of Canada.

Bogs
Bogs are peat-covered wetlands in which the vegetation shows the effects of a high water
table and a general lack of nutrients. Due to poor drainage and the decay of plant
material, the surface water of bogs is strongly acidic. Although they are dominated by
sphagnum mosses (peat) and heath shrubs, bogs may support trees. More common in
northern Ontario and rare in the south, bogs are the least productive of all wetland types.

Fens
These wetlands are characterized by a high water table with slow internal drainage by
seepage down low gradients. Their surface waters may be acidic or alkaline. Fens are not
as low in nutrients as bogs and as a result are more productive. Although fens are
dominated by sedges they may also contain shrubs and trees. Like bogs, they are more
common in the north.

Shallow Open Water
These wetlands include potholes and sloughs (ponds), as well as waters along rivers and
lakeshore areas. They are usually relatively small bodies of standing or flowing water
commonly representing a transitional stage between lakes and marshes, or between spring
high water levels and levels during the remainder of the year.
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Definitions
Wetlands
Lands that are seasonally or permanently covered by shallow water, including lands where the water
table is at or close to the surface. The presence of abundant water causes the formation of hydric soils
and favours the dominance of either hydrophytic or water-tolerant plants. The five major types of
wetlands are: marshes, swamps, bogs, fens, and shallow open waters.
Natural Wetlands
A wetland dominated by native biota and occurring within a biophysical system which has developed
though processes with minimal human intervention.
Disturbed Wetlands
A wetland that has had its functions altered, directly or indirectly, by external human or natural forces.
Enhanced Wetland
An existing wetland where some planned activity by humans addresses the stresses or limitations to
change one or more functions or values.

Wetland Rehabilitation
Improvement of the functions or values of a degraded wetland.
Wetland Restoration
Modification of the existing function and structure of a wetland's habitat so that it is similar to historical
conditions.
Wetland Creation
The conversion of a persistent upland vegetation community or ephemeral shallow water area into a
permanent wetland where no previous wetland existed.
*Definitions from Temperate Wetland Restoration Guide.
Date Modified: 2012-03-08

Wetlands in Canada
Wetlands cover about 14% of the land area of Canada. They were once abundantly distributed throughout
the country. Recently, however, wetlands have become an increasingly scarce resource in settled areas of
the country. Throughout Canada, wetlands have been adversely affected by land use practices that have
resulted in vegetation destruction, nutrient and toxic loading, sedimentation, and altered flow regimes. For
example, in southern Ontario, 68% of the original wetlands have been converted from their natural state to
support alternative uses such as agriculture and housing. Similarly, only about 25% of the original wetlands
of the "pothole" region of southwestern Manitoba remain in existence. In the North, however, most of the
wetlands are intact.
The Atlas of Canada map of wetlands shows their extent and also specific wetlands of particular importance.

Wetlands and Wildlife
Wetlands are important to species from many familiar classes of animals, as well as to less commonly known
creatures.
Every drop of water contains microscopic zooplankton, which are a vital component of the food chain. The
water's surface and the wetland bottom are covered with insect eggs, larvae, and nymphs. Members of the
fish, amphibian, and reptile groups are all dependent on the habitat provided by wetlands. Numerous bird
and mammal species make extensive use of the water and its adjacent shores. These species can be
important to humans economically or as indicators of environmental health.

How do wildlife species use wetlands?
Food and shelter are the primary requirements of life. Wetlands provide these functions for many species of
animals that either live permanently within the wetland or visit periodically. Almost every part of a wetland,
from the bottom up, is important to wildlife in some way. Frogs bury themselves in the muddy substrate to
survive the winter, and some insects use bottom debris to form a protective covering. Fish swim and feed in
wetlands, often eating the eggs of insects that have been deposited in the water. Wetland vegetation
provides nesting materials and support structures to several bird species and is a major source of food to
mammals, even those as large as moose. Small mammals use the lush vegetation at the edge of wetlands
for cover and as a source of food, and they themselves are a food source for birds of prey. Each species has
adapted to using the wetland and its surrounding area in a particular way.
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Wetlands and Climate Change
As a frontier-type ecosystem, wetlands are particularly vulnerable to climatic variation and extreme events.
Many wetlands, especially coastal ones, are unstable to start with, and are easily or frequently changed by
erosion, flooding, or the invasion of salt water.
But water supply is the main concern. In arid and semi-arid areas, the occurrence of hotter, drier summers
and the increased use of water for irrigation could reduce the supply of water for wetlands, either directly or
indirectly (through the effect on the water table), or both. A lower volume of water would increase the
concentrations of the pollutants that tend to settle in wetlands (agricultural chemicals, naturally occurring
salts, atmospheric pollutants).

Small changes in temperature or water supply could have significant effects on wetland biota. A rise in
temperature could allow an undesirable plant species (purple loosestrife, for example) to expand northward.
High temperatures and low concentrations of oxygen favour the growth of the botulism bacterium. A change
in the seasonality of precipitation could harm plants or animals whose life cycles require certain amounts of
water at specific times of the year. Such a change could cause a decline in a plant on which waterfowl
depend.

See also: Water and Climate Change

Wetlands and Groundwater
Wetlands often have very close connections with the groundwater system. Some wetlands, for example,
potholes in higher ground, may serve as important groundwater recharge areas. Others, especially those in
low-lying areas, may be the receptors for significant amounts of groundwater discharge. In addition, if the
underlying groundwater is contaminated, detrimental consequences will be felt by the wildlife and all other
resources dependent on that wetland.
See also: Groundwater section

Wetlands Protection
Our remaining wetlands can be protected through conservation programs. Wetland conservation
encompasses the protection, enhancement, and use of wetland resources according to principles that will
assure their highest long-term social, economic, and ecological benefits. It is recognized that some wetlands
should be protected and managed in their natural state; some actively managed to allow sustained,
appropriate use of wetland renewable resources; and some developed for their non-renewable resource
values.
A significant program that aims at protecting our remaining wetlands is the North American Waterfowl
Management Plan (NAWMP). In 1986, the governments of Canada and the United States signed the plan in
reaction to the sharp decline in waterfowl populations associated with the destruction of their habitat. They
were joined by Mexico in 1993.
The plan itself outlines the scope of the work to be done on a continental basis and provides broad guidelines
for habitat protection and management actions. Many partners -– from federal and provincial or state
governments to nongovernmental organizations and landowners -– representing various interests, work in
partnership to achieve the NAWMP's goal to restore, protect, and enhance wetland habitat for the benefit of
waterfowl, biodiversity, and humans.
Additional information on this program is available on the North American Waterfowl Management Plan Web
site.
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The tidal areas where saltwater and fresh water meet are called estuaries. These productive ecosystems,
found on Canada's coasts, contain unique assemblages of organisms, including starfish and sea anemones.
Environment Canada and its partners are actively trying to ensure the conservation of salt marshes in
Atlantic Canada through Salt Marsh Conservation and Restoration activities.
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Groundwater Contamination
Introduction
Groundwater is an essential and vital resource for about a quarter of all Canadians. It is their sole source of
water for drinking and washing, for farming and manufacturing, indeed, for all their daily water needs. Yet
for the majority of Canadians -- those who do not depend on it -- groundwater is a hidden resource whose
value is not well understood or appreciated.
Our image of Canada is of a land of sparkling lakes, rivers and glaciers. Groundwater, which exists
everywhere under the surface of the land, is not part of this picture. Not surprisingly, therefore, concerns of
Canadians about water quality focus primarily on surface waters -- our lakes and rivers. The less visible, but
equally important, groundwater resources have received less public attention, except in regions of Canada
where people depend on them.

Groundwater needs protection
In recent years, a number of events affecting groundwater quality have contributed to a heightened public
awareness and concern about the importance and vulnerability of the resource. Media reports about the
contamination of wells from leaking gasoline storage tanks or dry cleaning solvents, and about the effects on
groundwater of chemical leakage from landfill or industrial waste disposal sites have raised public concerns
about groundwater quality. Early in 1990, chemical seepage, caused by the tire fire at Hagersville, Ontario,
threatened to pollute groundwater supplies in the region. Newspaper reports alerted area residents and
helped focus attention on the problem of groundwater pollution.

In May 2000, a heavy rain storm washed cattle manure into a town well in Walkerton, Ontario. The manure
contaminated the water with the E.coli intestinal bacteria, causing illness and death to some residents and
acting as a serious reminder of the importance of what many Canadians take for granted -- clean and safe
drinking water.
Even where we might not use it directly as drinking water supply, we must still protect groundwater, since it
will carry contaminants and pollutants from the land into the lakes and rivers from which other people get a
large percentage of their freshwater supply.

Properties
What is groundwater?
It is sometimes thought that water flows through underground rivers or that it collects in underground lakes.
Groundwater is not confined to only a few channels or depressions in the same way that surface water is
concentrated in streams and lakes. Rather, it exists almost everywhere underground. It is found
underground in the spaces between particles of rock and soil, or in crevices and cracks in rock.

The water filling these openings is usually within 100 metres of the surface. Much of the earth's fresh water
is found in these spaces. At greater depths, because of the weight of overlying rock, these openings are
much smaller, and therefore hold considerably smaller quantities of water.
Groundwater flows slowly through water-bearing formations (aquifers) at different rates. In some places,
where groundwater has dissolved limestone to form caverns and large openings, its rate of flow can be
relatively fast but this is exceptional.
Many terms are used to describe the nature and extent of the groundwater resource. The level below which
all the spaces are filled with water is called the water table. Above the water table lies the unsaturated
zone. Here the spaces in the rock and soil contain both air and water. Water in this zone is called soil
moisture. The entire region below the water table is called the saturated zone, and water in this saturated
zone is called groundwater.
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What is an aquifer?
Although groundwater exists everywhere under the ground, some parts of the saturated zone contain more
water than others. An aquifer is an underground formation of permeable rock or loose material which can
produce useful quantities of water when tapped by a well. Aquifers come in all sizes and their origin and
composition is varied. They may be small, only a few hectares in area, or very large, underlying thousands of
square kilometres of the earth's surface. They may be only a few metres thick, or they may measure
hundreds of metres from top to bottom.
Many important Canadian aquifers are composed of thick deposits of sands and gravel previously laid down
by glacial rivers. These types of aquifers provide most of the water supply for the Kitchener-Waterloo region
in Ontario and the Fredericton area in New Brunswick. The Carberry aquifer in Manitoba is an old delta lying
on what was formerly Glacial Lake Agassiz. It is well developed as a source of irrigation water. Prince Edward
Island depends on sandstone aquifers for its entire water supply. A major glacial outwash sand and gravel
aquifer occurs in the Fraser Valley in British Columbia. It is extensively used for municipal, domestic, and
industrial water supplies. The Winnipeg and Montreal aquifers that are used for industrial water supply are
composed of fractured rocks.
To concentrate only on major (i.e., large) aquifers, however, is misleading. Many individual farms and rural
homes depend on relatively small aquifers such as thin sand and gravel deposits of glacial or other origin.
Although these aquifers are individually not very significant, in total they make up a very important
groundwater resource.
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Groundwater – Always on the move
Permeable material contains interconnected cracks or spaces that are both numerous enough and large
enough to allow water to move freely. In some permeable materials groundwater may move several metres
in a day; in other places, it moves only a few centimetres in a century. Groundwater moves very slowly
through relatively impermeable materials such as clay and shale.
Groundwater scientists generally distinguish between two types of aquifers in terms of the physical attributes
of the aquifer: porous media and fractured aquifers.
Porous media are those aquifers consisting of aggregates of individual particles such as sand or gravel. The
groundwater occurs in and moves through the openings between the individual grains. Porous media where
the grains are not connected to each other are considered unconsolidated. If the grains are cemented
together, such aquifers are called consolidated. Sandstones are examples of consolidated porous media.

Fractured aquifers are rocks in which the groundwater moves through cracks, joints or fractures in
otherwise solid rock. Examples of fractured aquifers include granite and basalt. Limestones are often
fractured aquifers, but here the cracks and fractures may be enlarged by solution, forming large channels or
even caverns. Limestone terrain where solution has been very active is termed karst. Porous media such as
sandstone may become so highly cemented or recrystallized that all of the original space is filled. In this
case, the rock is no longer a porous medium. However, if it contains cracks it can still act as a fractured
aquifer.
Most of the aquifers of importance to us are unconsolidated porous media such as sand and gravel. Some
very porous materials are not permeable. Clay, for instance, has many spaces between its grains, but the
spaces are not large enough to permit free movement of water.
Groundwater usually flows downhill with the slope of the water table. Like surface water, groundwater flows
toward, and eventually drains into streams, rivers, lakes and the oceans. Groundwater flow in the aquifers
underlying surface drainage basins, however, does not always mirror the flow of water on the surface.
Therefore, groundwater may move in different directions below the ground than the water flowing on the
surface.
Unconfined aquifers are those that are bounded by the water table. Some aquifers, however, lie beneath
layers of impermeable materials. These are called confined aquifers, or sometimes artesian aquifers. A
well in such an aquifer is called an artesian well. The water in these wells rises higher than the top of the
aquifer because of confining pressure. If the water level rises above the ground surface a flowing artesian
well occurs. The piezometric surface is the level to which the water in an artesian aquifer will rise.
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Groundwater – A major link in the hydrologic cycle
Groundwater circulates as part of the hydrologic cycle. As precipitation and other surface water sources
recharge the groundwater it drains steadily, and sometimes very slowly, towards its discharge point.
Groundwater does not stay underground forever, and it does not lie still waiting for us to draw it from a well.
The hydrologic cycle is the series of transformations that occur in the circulation of water from the
atmosphere onto the surface and into the subsurface regions of the earth, and then back from the surface to
the atmosphere. Precipitation becomes surface water, soil moisture, and groundwater. Groundwater
circulates back to the surface, and from the surface all water returns to the atmosphere through evaporation
and transpiration.
When precipitation falls on the land surface, part of the water runs off into the lakes and rivers. Some of the
water from melting snow and from rainfall seeps into the soil and percolates into the saturated zone. This

process is called recharge. Places where recharge occurs are referred to as recharge areas.
Eventually, this water reappears above the ground. This is called discharge. Groundwater may flow into
streams, rivers, marshes, lakes and oceans, or it may discharge in the form of springs and flowing wells.
Groundwater discharge can contribute significantly to surface water flow. In dry periods, the flow of some
streams may be supplied entirely by groundwater. At all times of the year, in fact, the nature of underground
formations has a profound effect on the volume of surface runoff. While the rate of discharge determines the
volume of water moving from the saturated zone into streams, the rate of recharge determines the volume
of water running over the surface. When it rains, for instance, the volume of water running into streams and
rivers depends on how much rainfall the underground materials can absorb. When there is more water on the
surface than can be absorbed into the groundwater zone, it runs off into streams and lakes.
The residence time of groundwater, i.e., the length of time water spends in the groundwater portion of the
hydrologic cycle, varies enormously. Water may spend as little as days or weeks underground, or as much as
10 000 or more years. Residence times of tens, hundreds, or even thousands of years are not unusual. By
comparison, the average turnover time of river water, or the time it takes the water in rivers to completely
replace itself, is about two weeks.
This table illustrates the estimated depth and residence time of the world's water supply:
Parameter

Estimated depth and residence time of world's water supply
Equivalent depth (m) Computed as though storage were uniformly distributed

Residence time

over the entire surface of the earth

Oceans and
seas

2500

approximately
4000 years

Lakes and
reservoirs

0.25

approximately 10
years

Swamps

0.007

approximately 1 to
10 years

River channels 0.003

approximately 2
weeks

Soil moisture

0.13

2 weeks to 1 year

Groundwater

120

2 weeks to 10 000
years

Ice caps and
glaciers

60

10 to 1000 years

Atmospheric
water

0.025

approximately 10
days

Biospheric
water

0.001

approximately 1
week

Source: Adapted from R. Allen Freeze and John A. Cherry, Groundwater. Prentice-Hall: Englewood Cliffs, New
Jersey, 1979: p.5.
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How Much Groundwater Do We Have?
According to some estimates, the quantity of groundwater in the earth would cover the entire surface of the
globe to a depth of 120 metres. By contrast, the volume of surface water in lakes, rivers, reservoirs and
swamps could be contained in a depth of about one quarter of a metre.
It is extremely difficult to estimate the volume of groundwater on the entire planet. For example, a recent
review of the literature revealed estimated figures ranging from 7 000 000 to 330 000 000 cubic kilometres.
However, all the estimates imply that if we do not include the water frozen in ice caps, glaciers and

permanent snow, groundwater makes up almost the entire volume of the earth's usable fresh water.

Source: Adapted from Figure 2, Freshwater Series No. A-2, Water - Here, There and Everywhere.

Yet, this supply is often not easily accessible, and it may be difficult and expensive to develop these water
supplies in some regions. The quality of the groundwater source is also a significant determining factor when
identifying its use.
Even in Canada, there is more water underground than on the surface. Although groundwater has been
routinely surveyed since early last century, it has not been mapped in a systematic way across the country.
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Groundwater Use
Almost nine million Canadians depend on groundwater
Approximately two thirds of these users live in rural areas. In many areas, wells produce more reliable and
less expensive water supplies than those obtained from nearby lakes, rivers and streams. The remaining
users are located primarily in smaller municipalities where groundwater provides the primary source for their
water supply systems. For instance, 100% of Prince Edward Island's population and over 60% of the
population of New Brunswick rely on groundwater to meet their domestic needs.

Furthermore, the predominant use of groundwater varies by province. In Ontario, Prince Edward Island, New
Brunswick, and the Yukon, the largest users of groundwater are municipalities; in Alberta, Saskatchewan,
and Manitoba, the agricultural industry for livestock watering; in British Columbia, Quebec and the Northwest
Territories, industry; and in Newfoundland and Nova Scotia, rural domestic use. Prince Edward Island is
almost totally dependent on groundwater for all its uses.

Sources:
Statistics Canada, Environment Accounts and Statistics Division, special compilation using data from Environment Canada, Municipal Water
Use Database.
Statistics Canada, 1996, Quarterly Estimates of the Population of Canada, the Provinces and the Territories, 11-3, Catalogue no. 91-001,
Ottawa.

Groundwater as a source of energy
Groundwater may be used as a source of heat. Ground source heat pumps are receiving increased attention
as energy efficient commercial and residential heating/cooling systems. Although initial costs are higher than
air source systems -- due to the additional costs of the underground installations -- the much greater energy
efficiency of ground source systems makes them increasingly attractive.
Research into the use of geothermal water has been carried out in a number of institutions across Canada.
The City of Moose Jaw has developed a geothermal heating system for a public swimming pool and
recreational facility. Carleton University in Ottawa already uses groundwater to heat and cool its buildings.
The Health Centre complex in Sussex, New Brunswick has been utilizing an aquifer for thermal energy
storage since 1995.
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Groundwater Quality
We often think of water quality as a matter of taste, clarity and odour, and in terms of other properties which
determine whether water is fit for drinking. For other uses different properties may be important. Most of
these properties depend on the kinds of substances that are dissolved or suspended in the water. Water for
most industrial uses, for instance, must not be corrosive and must not contain dissolved solids that might
precipitate on the surfaces of machinery and equipment.

Pure water is tasteless and odourless. A molecule of water contains only hydrogen and oxygen atoms. Water
is never found in a pure state in nature. Both groundwater and surface water may contain many

constituents, including microorganisms, gases, inorganic and organic materials.
The chemical nature of water continually evolves as it moves through the hydrologic cycle. The kinds of
chemical constituents found in groundwater depend, in part, on the chemistry of the precipitation and
recharge water. Near coastlines, precipitation contains higher concentrations of sodium chloride, and
downwind of industrial areas, airborne sulphur and nitrogen compounds make precipitation acidic.
One of the most important natural changes in groundwater chemistry occurs in the soil. Soils contain high
concentrations of carbon dioxide which dissolves in the groundwater, creating a weak acid capable of
dissolving many silicate minerals. In its passage from recharge to discharge area, groundwater may dissolve
substances it encounters or it may deposit some of its constituents along the way. The eventual quality of
the groundwater depends on temperature and pressure conditions, on the kinds of rock and soil formations
through which the groundwater flows, and possibly on the residence time. In general, faster flowing water
dissolves less material. Groundwater, of course, carries with it any soluble contaminants which it encounters.
Scientists assess water quality by measuring the amounts of the various constituents contained in the
water. These amounts are often expressed as milligrams per litre (mg/L), which is equivalent to the number
of grams of a substance per million grams of water.
The suitability of water for a given use depends on many factors such as hardness, salinity and pH.
Acceptable values for each of these parameters for any given use depend on the use, not on the source of
the water, so that the considerations important for surface water (as mentioned in Freshwater Series No. A3, entitled "Clean Water – Life Depends on It!") are equally applicable to groundwater.
The natural quality of groundwater differs from surface water in that:
for any given source, its quality, temperature and other parameters are less variable over the course
of time and
in nature, the range of groundwater parameters encountered is much larger than for surface water,
e.g., total dissolved solids can range from 25 mg/L in some places in the Canadian Shield to
300 000 mg/L in some deep saline waters in the Interior Plains.
At any given location, groundwater tends to be harder and more saline than surface water, but this is by no
means a universal rule. It is also generally the case that groundwater becomes more saline with increasing
depth, but again, there are many exceptions.
As groundwater flows through an aquifer it is naturally filtered. This filtering, combined with the long
residence time underground, means that groundwater is usually free from disease-causing microorganisms.
A source of contamination close to a well, however, can defeat these natural safeguards. Natural filtering
also means that groundwater usually contains less suspended material and undissolved solids than surface
water.
See also Groundwater Contamination section
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Groundwater and Geology
Groundwater is also important quite apart from its value as a resource or its close connection with surface
water supplies. Engineers must consider groundwater when planning almost any kind of structure, either
above or below the ground. Ignoring the effect of groundwater on slope stability can be both costly and
dangerous. Geologists see groundwater as a major force in geological change. The fluid pressures exerted by
groundwater, for example, play an important role in the occurrence of earthquakes. Geologists also know
that the movement of water through underground geologic formations controls the migration and the
accumulation of petroleum and the formation of some ore deposits.

Section Menu

Groundwater and Engineering
Groundwater can also have dramatic implications for engineering and geotechnical studies. The study of
groundwater is essential for engineers who construct dams, tunnels, water conveyance channels, mines, and
other structures. Groundwater must be considered whenever the stability of slopes is important, whether the
slope is natural or constructed. Groundwater must also be taken into account when devising measures to
control flooding. In all of these situations, groundwater flow and fluid pressure can create serious
geotechnical problems.
Groundwater, for example, may create structural weaknesses in dams, or it may flow underground right
around the structure as it did at the Jerome Dam in Idaho. Water flowed so efficiently through the rock
formations surrounding the reservoir that the dam would hold no water, even though it was structurally
sound.
In another case, when geological exploration was being carried out in preparation for the construction of the
Revelstoke Dam in British Columbia, geologists and engineers were concerned about an old landslide on the
bank of the proposed reservoir. They suspected that the water held in the reservoir could increase
groundwater pressures enough to make the slide unstable. The solution was to increase drainage around the
slide to ensure that groundwater pressures did not increase. In 1963, these same conditions at the Vaiont
reservoir in Italy caused a slide which killed 2500 people.
Other problems result from the excessive use of groundwater. Overdrafting occurs when people draw water
out of an aquifer faster than nature can replenish it. The most obvious problem created is a shortage of
water. Overdrafting, however, can also create significant geotechnical problems. Although not an issue in
Canada, at many locations around the world overdrafting has caused land subsidence. This can produce
severe engineering difficulties. Parts of Mexico City, for instance, have subsided as much as 10 metres in the
past 70 years, resulting in a host of problems in its water supply and sewerage system. Land subsidence
may also occur when the water table is lowered by drainage. In the early 1970s, for example, an entire
residential subdivision in Ottawa subsided when a collector sewer was constructed nearby. The subsidence
seriously damaged the residents' property.
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Groundwater and Wetlands
Wetlands, which provide a summer home to nearly all of North America's 45 million ducks and other
waterfowl, often have very close connections with the groundwater system. Some wetlands, e.g., potholes in
higher ground, may serve as important groundwater recharge areas. Others, especially those in low-lying
areas, may be the receptors for significant amounts of groundwater discharge. Therefore, if the underlying
groundwater is contaminated, detrimental consequences will be felt by the wildlife and all other resources
dependent on that wetland.
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Groundwater and Permafrost
Most of the terrain in the Northwest Territories and Nunavut consists either of rugged glaciated Canadian
Shield rock or of ground which is underlain by permafrost (permanently frozen ground). Both of these inhibit
the flow of groundwater. The major exceptions include the Mackenzie Mountains in western Northwest
Territories and the Yukon and the limestone terrain southwest of Great Slave Lake, where soils, fractured
rock, and glacial debris provide material that can store and release groundwater.
On a local scale, the seasonal development of a thawed "active layer" above the permafrost can provide
permeable pathways for the subsurface movement of water and contaminants.
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Conclusion: Safeguarding our Groundwater Supply
Groundwater is an essential resource. It exists everywhere under the Canadian landscape and is vitally
connected to our rich surface water resources. Contamination of groundwater is a serious problem in
Canada. Industrial and agricultural activities are major sources of contaminants, but Canadian households
are equally important sources.
Groundwater moves so slowly that problems take a long time to appear. Because of this, and because it is so
expensive to clean up a contaminated aquifer (if it can be done at all), it is preferable by far to prevent
contamination from happening in the first place. For example, leaking underground storage tanks can be
replaced by tanks that will not corrode; landfills can be sited in locations where leachates will not
contaminate underlying groundwater; and the impacts of spills of hazardous materials reduced by restricting
access to recharge areas.
All levels of government in Canada are starting to take some of the actions necessary to protect our
groundwater supplies, but there is a long way to go before these measures are fully effective. At the same
time, universities and government research institutes are investigating what happens to water underground
and what can be done to preserve it and even improve its availability to us. Both as a society and as
individuals, we must keep in mind groundwater's susceptibility to contamination.
Groundwater is just as important as the sparkling lakes and rivers of our postcard image of Canada. This
national treasure may be "hidden," but it must not be forgotten.
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Introduction
We tend to think of water in terms of a particular purpose: is the quality of the water good enough for the
use we want to make of it? Water fit for one use may be unfit for another. We may, for instance, trust the
quality of lake water enough to swim in it, but not enough to drink it. Along the same lines, drinking water
can be used for irrigation, but water used for irrigation may not meet drinking water standards. It is the
quality of the water which determines its uses.
Scientists, on the other hand, are interested in other aspects of water quality. To them quality is determined
by the kinds and amounts of substances dissolved and suspended in the water and what those substances do
to inhabitants of the ecosystem. It is the concentrations of these substances that determine the water quality
and its suitability for particular purposes.
Drinking water, for example, is regulated by guidelines stringent enough to protect human health. Lack of
such guidelines can lead to a variety of health problems.
Water is the lifeblood of the environment, essential to the survival of all living things -- plant, animal and
human -- and we must do everything possible to maintain its quality for today and the future.

Canada: a water paradise?
Here in Canada we are fortunate. We have extensive supplies of water. Our pristine rivers and lakes filled
explorers and settlers with a sense of majesty and awe. Today, they continue to impress Canadians and
visitors alike. Yet under the pressures of human development, many of these waters are losing their
unspoiled quality.
It is no wonder. We dispose of human wastes, animal wastes and chemical substances into the environment
at such a rate that even some of the largest lakes and river systems -- the Great Lakes and the St. Lawrence
River, for example -- are having serious difficulty cleansing themselves and sustaining life.

Factors Influencing Water Quality
The water of even the healthiest rivers and lakes is not absolutely pure. All water (even if it is distilled)
contains many naturally occurring substances -- mainly bicarbonates, sulphates, sodium, chlorides, calcium,
magnesium, and potassium.
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Many factors affect water quality. Substances present in the air affect rainfall. Dust, volcanic gases, and
natural gases in the air, such as carbon dioxide, oxygen, and nitrogen, are all dissolved or entrapped in rain.
When other substances such as sulphur dioxide, toxic chemicals, or lead are in the air, they are also collected
in the rain as it falls to the ground.
Rain reaches the earth's surface and, as runoff, flows over and through the soil and rocks, dissolving and
picking up other substances. For instance, if the soils contain high amounts of soluble substances, such as
limestone, the runoff will have high concentrations of calcium carbonate. Where the water flows over rocks
high in metals, such as ore bodies, it will dissolve those metals. In the Canadian Shield, there are large areas
with little soil and few soluble minerals. Consequently, the rivers and lakes in these areas have very low
concentrations of dissolved substances.
Another factor influencing water quality is the runoff from urban areas. It will collect debris littering the
streets and take it to the receiving stream or water body. Urban runoff worsens the water quality in rivers
and lakes by increasing the concentrations of such substances as nutrients (phosphorus and nitrogen),
sediments, animal wastes (fecal coliform and pathogens), petroleum products, and road salts.
Industrial, farming, mining, and forestry activities also significantly affect the quality of Canadian rivers,
lakes, and groundwater. For example, farming can increase the concentration of nutrients, pesticides, and
suspended sediments. Industrial activities can increase concentrations of metals and toxic chemicals, add
suspended sediment, increase temperature, and lower dissolved oxygen in the water. Each of these effects
can have a negative impact on the aquatic ecosystem and/or make water unsuitable for established or
potential uses.

How does water clean itself?
Water is purified in large part by the routine actions of living organisms. Energy from sunlight drives the
process of photosynthesis in aquatic plants, which produces oxygen to break down some of the organic
material such as plant and animal waste. This decomposition produces the carbon dioxide, nutrients and
other substances needed by plants and animals living in the water. The purification cycle continues when
these plants and animals die and the bacteria decompose them, providing new generations of organisms with
nourishment.
Unfortunately, there are many toxic substances which are affected only slowly, or not at all, by this and
other processes. These are called persistent and are of great environmental concern.

Human Health and Water Quality
In Canada we are lucky to have plentiful supplies of good drinking water sources. Water-related illnesses -typhoid fever, cholera, dysentery -- are almost unknown in this country today. Waste and wastewater
treatment, the development and enforcement of drinking water guidelines, public health practices and
education -- all have resulted in a decrease in water related illnesses in Canada. Developing nations are less
fortunate: 80% of their diseases are water-related.
The price Canadians must pay to prevent water-borne disease is constant vigilance against bacterial
contamination. Periodic beach closures and local epidemics are evidence that the battle is never won. These
problems underscore the need for maintaining strict control over water quality and for improving water and
wastewater treatment.
Of serious concern today are the toxic chemicals that enter our waters from many different sources,
including industry, agriculture and the home. Little is known about the effects of these toxic substances on
human health; often the effects do not become noticeable for long periods of time, and it is difficult to
distinguish them from the effects of other factors that impact on our day-to-day life (e.g., nutrition, stress,
air quality). Much more remains to be done to control toxic chemical pollution. Meanwhile, we can all
contribute to the prevention of water pollution by not abusing the water or the land.
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Water Quality Facts
Approximately 57% of Canadians are served by wastewater treatment plants, compared with 74% of
Americans, 86.5% of Germans, and 99% of Swedes.
In developing nations, 80% of diseases are water-related.
Of all Canadians, 26% rely on groundwater for domestic use.
One drop of oil can render up to 25 litres of water unfit for drinking.
One gram of 2,4-D (a common household herbicide) can contaminate ten million litres of drinking
water.
One gram of PCBs can make up to one billion litres of water unsuitable for freshwater aquatic life.
One gram of lead in 20 000 litres of water makes it unfit for drinking. Older homes often contain
plumbing made of lead or soldered in lead, which can then leach into water.
The nitrates in fertilizers promote excessive growth of algae and larger aquatic plants, causing
offensive algal blooms and driving out sport fish.
Methane gas can often be seen bubbling up from the bottom of ponds; it is produced by the
decomposition of dead plants and animals in the mud.
Calcium and magnesium -- both essential elements for man - account for most water hardness. Death
rates for certain types of cardiovascular disease have been found to be higher in soft water areas than
in hard water areas in many parts of the world.
Copper is another essential element -- for optimal absorption and metabolism of iron and for bone
formation -- and fairly common in natural water. More than one milligram per litre may make water
unpalatable.

What you can do
In the face of this planet's overwhelming environmental problems, each individual effort to protect water
quality is vital. Together, individual actions can and do make a difference to water quality and the
environment as a whole. You can start by taking the following actions:
Avoid hazardous household products
Most proprietary household chemicals are safe to use and are environmentally friendly, when used according
to the directions on the package. However, some have a harmful cumulative effect on the environment when
they are over-used or incorrectly disposed of.

Check the label for hazard warnings. The symbols used on hazardous household chemical products are
shown below:

The warning symbols are based on shape: the more corners a symbol has, the greater the risk. Read the
label to find out how to use the product safely and what precautions to take.
Buy only those environmentally hazardous products you really need, and buy them in quantities you
will be able to completely use up, so that you will not have to worry about disposing of the leftovers
later.
Use "environmentally friendly" products now available in your supermarket and drugstore.
The federal government endorses products that are environmentally friendly. Look for the
Environmental Choice EcoLogo. Products bearing this label have been tested and certified by the
Canadian Standards Association. Each dove represents a sector of society - consumers, industry, and
government – linked together to improve and protect the environment. The logo identifies the products
that maximize energy efficiency and the use of recycled or recyclable materials and minimize the use
of environmentally hazardous substances. Consumers can make informed choices.
Don't misuse the sewage system
Don't throw waste down the drain just because it's convenient. Toxic household products can damage the
environment and return to us through water and food.
toss items such as dental floss, hair, disposable diapers and plastic tampon holders into the
wastebasket, not the toilet – these items create many problems at the sewage treatment plant;
always use up completely (or pass on for other people to use) the unused contents of oven, toilet bowl
and sink drain cleaners; carpet and furniture cleaners and polishes; bleaches, rust removers and
solvents; paints and glue; and most other acid and alkali products;
save food scraps (except dairy and meat) and compost them; don't dump them down the drain;
choose latex (water-based) paint instead of oil-based and use it up instead of storing or dumping it.
Don't use pesticides or other hazardous materials in your garden
Adopt alternative pest control methods, such as:
hand pulling weeds
snipping and discarding infested leaves
dislodging insects with insecticidal soap or a water hose
practising companion planting
setting ant and roach traps instead of using chemical sprays
applying a natural insecticide such as diatomaceous earth, available in garden centres
fertilize with natural materials such as bone meal or peat
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Don't dump hazardous products into storm drains
Storm drains empty directly into nearby streams in many areas. The contents of storm sewers are generally
not processed at sewage treatment facilities and can therefore do immediate harm to fish and wildlife. Beach
closures are a typical example of storm water pollution in many communities.
DON'T pour oils, paint compounds, solvents and other products into storm sewers, onto the street, or
into your driveway
DO take them to local recycling or disposal facilities. Some communities even organize hazardous
waste disposal days; contact local health and environment officers or waste disposal companies for
details. If nothing comparable exists in your community, introduce and promote the idea
DO contact your local Fire Department, which will normally accept unwanted remainders of barbecue
starter fluids, lighter fluids, gasoline and furnace oils.
Don't forget about water quality – even when you're having fun
power boats can pollute the water through gasoline leaks and spills. Consider using a sailboat,
rowboat, canoe or kayak. If you use a powerboat, keep the engine in good repair to avoid leaking oil,
gasoline and solvents;
if you are a cottage owner, make sure you have a proper sewage disposal system;
while camping, always bury biodegradable waste at least 60 meters (200 feet) from any water source.
Use only biodegradable soaps, and take your non-biodegradable garbage with you for proper disposal.
Take further action
There is more you can do! For instance:
read up on environmental issues
be willing to change your attitudes, behaviour and expectations
write away for more information on environmentally-friendly products and methods
urge and support federal, provincial and municipal action on environmental issues
join and support local and national environmental groups that work to solve environmental problems;
they are always in need of more volunteers and different talents
boycott environmentally harmful products and let the stores know why
attend public hearings, participate in advisory boards, address review committees, request information
– as a citizen, you have these rights and should seize these opportunities
inform your friends and educate your children
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The Effects of Water Pollution
Pollution is not always visible. A river or lake may seem clean, but still be polluted. In groundwater, on which
over one quarter of all Canadians rely for their water supply, pollution is especially difficult to discern. Nor
are the effects of pollution necessarily immediate; they may take years to appear.
When pollution makes water unsuitable for drinking, recreation, agriculture and industry, it eventually also
diminishes the aesthetic quality of lakes and rivers. Even more seriously, when contaminated water destroys
aquatic life and reduces its reproductive abilities, it eventually menaces human health. Nobody escapes the
effects of water pollution.

Accelerated Aquatic Plant Growth: Too Much, Too Fast
The growth and reproduction of aquatic plants is stimulated by eutrophication, a natural process which,
over geological time, turns a lake into a bog and eventually into land. But today, in many places, this process
is tremendously accelerated by high concentrations of phosphorus and nitrogen (from fertilizer, for example)
which enrich the water with nutrients, causing the aquatic plants to bloom. As the plant growth explodes, it
chokes off the oxygen supply normally shared with other organisms living in the water. When the plants die,
their decomposition uses up even more oxygen. As a result, fish suffocate and die, and bacterial activity
decreases.
Yet if phosphorus and nitrogen inputs are reduced or stopped, the system can recover by itself. In the late
1960s, Lake Erie experienced such an extreme case of eutrophication that fish were dying and the
decomposing algae, washed up on bathing beaches, had to be removed with bulldozers.
The phosphorus (phosphate) in laundry detergents washed into the lake was the main culprit. A law was
passed to reduce the substance. In 1972 laundry detergent phosphate contents were cut by approximately
90% and Lake Erie made a remarkable recovery.
Since 1989, the Phosphorus Concentration Regulations have required that all household, commercial and
industrial laundry detergents contain no more than 2.2% phosphorus by weight. On July 1, 2010 the
Regulations were amended and now household laundry detergents, household dish-washing compounds and
household cleaners can contain no more than 0.5% phosphorus by weight. The long title of the regulations
was changed to Concentration of Phosphorus in Certain Cleaning Products Regulations.
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Water – The Transporter
Water plays an important role in the transformation of the Canadian landscape by moving large amounts of
soil, in the form of sediment. Sediment is eroded from the landscape, transported by river systems, and
eventually deposited in a lake or the sea. For example, the Fraser River carries an average of 20 million
tonnes of sediment a year into the marine environment.
The sediment cycle starts with the process of erosion, whereby particles or fragments are weathered from
rock material. Action by water, wind, glaciers, and plant and animal activities all contribute to the erosion of
the earth's surface. Fluvial sediment is the term used to describe the case where water is the key agent for
erosion. Natural, or geologic, erosion takes place slowly, over centuries or millennia. Erosion that occurs as a
result of human activity may take place much faster. It is important to understand the role of each when
studying sediment transport.
Any material that can be dislodged is ready to be transported. The transportation process is initiated on the
land surface when raindrops result in sheet erosion. Rills, gullies, streams, and rivers then act as conduits for
sediment movement. The greater the discharge, or rate of flow, the higher the capacity there is for sediment
transport.
The final process in the cycle is deposition. When there is not enough energy to transport the sediment, it
comes to rest. Sinks, or depositional areas, can be visible as newly deposited material on a flood plain, bars
and islands in a channel, and deltas. Considerable deposition occurs that may not be apparent, as on lake
and river beds. A knowledge of sediment dynamics is an integral part of understanding the aquatic
ecosystem.
Canada's waterways move many millions of tonnes of sediment annually in this never-ending cycle of
erosion, transportation, and deposition. Sediment is measured and classified according to its dynamic
characteristics:
suspended load (suspended in the water);
bed load (rolling or bouncing along the bottom);
bed material (stationary on the bed).

Why is Sediment Important?
Sediment carried in water has a variety of effects. What are they and why are they important?

Toxic chemicals
Sediment plays a major role in the transport and fate of pollutants and so is clearly a concern in water
quality management. Toxic chemicals can become attached, or adsorbed, to sediment particles and then
transported to and deposited in other areas. These pollutants may later be released into the environment. By
studying the quantity, quality, and characteristics of sediment in the stream, scientists and engineers can
determine the sources and evaluate the impact of the pollutants on the aquatic environment. Once the
sources and impact are known, action can be taken to reduce the pollutants. The association of toxic
chemicals with sediment is an issue of national importance.

Navigation
Deposition of sediment in rivers or lakes can decrease water depth, making navigation difficult or impossible.
To ensure access, some of the sediment may be dredged from the stream or harbour, but this may release
toxic chemicals into the environment. To determine how much dredging needs to be done and how often,
water levels must be monitored, and the rates of sediment transport and deposition estimated.
Sedimentation of navigation channels is a concern in the Fraser River (British Columbia), the Mackenzie River
(Northwest Territories), and the Great Lakes - St. Lawrence system (Ontario and Quebec).

Fisheries/Aquatic habitat
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Streamborne sediment directly affects fish populations in several ways:
Suspended sediment decreases the penetration of light into the water. This affects fish feeding and
schooling practices, and can lead to reduced survival.
Suspended sediment in high concentrations irritates the gills of fish, and can cause death.
Sediment can destroy the protective mucous covering the eyes and scales of fish, making them more
susceptible to infection and disease.
Sediment particles absorb warmth from the sun and thus increase water temperature. This can stress
some species of fish.
Suspended sediment in high concentrations can dislodge plants, invertebrates, and insects in the
stream bed. This affects the food source of fish, and can result in smaller and fewer fish.
Settling sediments can bury and suffocate fish eggs.
Sediment particles can carry toxic agricultural and industrial compounds. If these are released in the
habitat they can cause abnormalities or death in the fish.

Forestry
Some forestry practices have negative impacts on the environment. Extensive tree cutting in an area may
not only destroy habitat but increase natural water runoff and accelerate soil erosion. These can lead to
increased flow and sediment loads in nearby streams. They can also release chemical substances occurring
naturally in forest soils, and allow them to contaminate rivers or lakes. Both the chemicals and the additional
sediment can harm fish and other organisms. Sediment problems resulting from forestry practices are
prevalent in British Columbia, Ontario, Quebec, New Brunswick, and Newfoundland.

Water supply
Sediment can affect the delivery of water. When water is taken from streams and lakes for domestic,
industrial, and agricultural uses, the presence of sediment in the water can wear out the pumps and turbines.
As this increases maintenance costs, it is important to determine the amount of sediment in the stream so
that the appropriate equipment can be chosen when designing a water supply plant.

Energy production
The amount of sediment transported affects both the size and the life expectancy of reservoirs created for
power generation. A dam traps sediment that would normally be carried downstream, and that sediment
decreases the size of the reservoir and thus its use for power generation. Therefore, it is necessary to know
the amount of sediment to ensure the effective design of reservoirs for the long term.

Agriculture
Some farming practices increase soil erosion and add toxic chemicals to the environment. Thus, productive
soil is lost to farms, sediment and pollutants are added to streams, and maintenance costs of irrigation
systems are increased. Sediment data and information are necessary in the evaluation of cropping practices
and their environmental effects. Sediment-related problems associated with agriculture occur across the
country.
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Dredging and can it do any Harm?
Dredging is the removal of sediments or earth from the bottom of water bodies using either a type of scoop
or a suction apparatus. This material, often called spoils, is then deposited along the shore, formed into
islands, or transported elsewhere away from the site. Dredging is usually done to increase the depth or width
of water channels for navigation or to allow increased flow rates to accommodate larger volumes of water.
Dredging can disturb the natural ecological balance through the direct removal of aquatic life. For example,
in estuaries (part of the river mouth where fresh water and seawater are mixed), oyster beds can be
destroyed; in the freshwater environment, those bottom-dwelling organisms on which fish depend for food
may be eliminated from the food chain. In addition, when spoils are deposited directly in a water system,
they may smother the remaining organisms, and silt or sediments released from dredging activities can
cover and destroy fish feeding and breeding habitats.
Furthermore, contaminants accumulate over long periods of time in the sediments. Some toxic substances
which may reside in the sediment (e.g., mercury) can re-enter the water system when the sediments are
dredged. Such contaminants then endanger the health of water users, particularly the organisms that live in
the body of water. Nutrients are also released by dredging. These can cause eutrophication of the system,
resulting in oxygen depletion and possibly the death of fish and other aquatic organisms.
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How is Sediment Sampled?
Sediment quantity and quality are sampled in a variety of ways:
Specially designed suspended-sediment samplers are used to collect water/sediment samples that are
analyzed for sediment quantity and sometimes quality.
Bed-load samples are usually taken by lowering a specially made sampler to the stream bed. Resting
there, the sampler traps the material moving along the bottom.
Bed-material samples may be taken simply by hand from exposed bars or stream banks, or by
samplers from the stream bed. Some samplers scoop sediment by simply digging into the bed, while
other kinds extract a core from the bed.

Once collected, suspended-sediment samples are analyzed for concentration and particle size. This is usually
done in a laboratory. The concentration is the ratio of sediment (dry weight) to the total water-sediment
mixture, expressed as milligrams per litre (mg/L). The particle size is simply the size of the sediment
particles. Depending on their size, they are classified as sand, silt, or clay.

To find out how much material is transported by a river, one can combine the concentration with the stream
discharge, or flow. This gives the sediment load, which indicates the total amount of sediment transported
over a certain time period, whether an hour, a day, month, or year. In such a way, it has been estimated
that at Montreal the St. Lawrence River transports 2.3 million tonnes of sediment in suspension each year, or
the equivalent of 230 000 truck-loads of soil.
Water, and more specifically the hydrologic cycle, plays a major role in driving the sediment life cycle. The
amount of water and its distribution over time influence how and when sediment is sampled.
In Canada, sampling is usually for suspended-sediment data. Most of this sampling is done during high-flow
conditions (spring, summer, and fall rainstorms), when most of the sediment is transported through the river
system. However, a few samples may be taken at other times throughout the year, to better define the
sediment regime. Bed-load sampling is typically undertaken in the spring, when high discharge mobilizes the
stream bed. Bed-material may be sampled during the summer, when low-flow conditions may expose parts
of the stream bed, making sampling easier.
Once the samples have been analyzed, the data on concentrations, particle sizes, or loads can be applied to
engineering and environmental questions.
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Suspended Sediment Load in Select Canadian Rivers
Glaciers retreated 10 000 years ago, leaving large amounts of easily erodible material across much of
western Canada. In mountainous areas (e.g., the Fraser, Peace, and upper Mackenzie rivers), steepness and
abundant water supply enable large amounts of sediment to be carried away. In contrast, the flat and dry
conditions of the Prairies result in much lower sediment loads. In eastern Canada, where much of the land is
bedrock, there is a limited sediment supply and therefore smaller loads.

Sediment Data and Information
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The measurement of sediments in streams in Canada dates back to 1948, in Saskatchewan. The federal
government has conducted a national sediment program since 1961 in cooperation with the provinces,
territories, and other interested agencies, such as hydroelectric companies. Data-collection techniques are
standardized across the country to maintain data quality and comparability. Provincial governments also
collect sediment data either as part of a regular sampling program or for specific studies. Consulting
engineers and planners, as well as university researchers, also carry out sampling for site-specific projects.
These data have been used extensively to address reservoir sedimentation, environmental impact
assessment, sediment-associated contaminant transport, and other concerns.
Sediment data and information are available from a variety of sources. A large amount of data is contained
in a national computer data base operated by Environment Canada. The data base contains historical and
current data for about 750 stations throughout the country, about 300 of which are currently monitored.
The types of data that are stored in the national computer data base are as follows:
suspended-sediment concentrations
suspended-sediment loads
suspended-sediment particle size
bed load
bed-load particle size
bed-material particle size
sediment quality
The data are published annually on CD-Rom and are available from the Water Survey of Canada
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Introduction
Water works for us in many ways, making our lives easier and more enjoyable. But we must take great care
not to overuse and abuse this precious resource.
Water is a basic necessity of life, not only for people but for every type of plant and animal as well. Water
accounts for about 65% of our body weight. If we lost as little as 12% of it, we would soon die.
Water is essential not only for survival but also contributes immeasurably to the quality of our lives. Since
the dawn of time, human beings have harnessed water to improve their lives. In some ways, the history of
civilization is the story of how we have made water work for us in ever more ingenious ways. As early as
5000 B.C., our predecessors used irrigation to increase crop production. Archaeologists have found masonry
sewers dating back to 2750 B.C. and water-flushed toilets dating back almost as far.
Water played -- and continues to play -- a special role in the growth of our nation. The fur trade, which
stimulated the exploration of Canada's vast interior, was totally dependent on water for transportation.
Water powered the grist mills and sawmills along small and large rivers in the Maritimes and Upper Canada,
making possible the production and export of grain and lumber, two early economic staples. As Canadian
industry diversified, water was put to new uses: as a coolant, a solvent, a dispersant, and a source of
hydroelectric energy.
Water transportation is still the most efficient way to move bulk goods. Water is also the basis of cheap
energy. It is a raw material in the manufacture of chemicals, drugs, beverages, and hundreds of other
products. It is an essential part of the manufacturing processes that produce everything from airplanes to
zippers. In other words, we depend on water for most of our technology, comforts and conveniences, and of
course for personal hygiene and to flush away our waste products.
Many people think it makes no difference how much water we use or what we use it for. Actually, the way we
use water is very important. Some uses are incompatible with others. Some uses remove water from the
natural cycle for longer periods than others. Worst of all, most uses actually lower the quality of the water.
Water quality is everybody's business because ultimately we all draw from the same supply of water. Most
Canadians live downstream from somebody else, not to mention the fact that the same basic supply of
water, replenished over and over again through the hydrologic cycle, has been used millions of times over in
the long history of the earth. We are now aware of limits to the reuse of water, when and where it is
returned to nature diminished in quantity and quality. Therefore, we must learn to understand water use
much better: where we use it, what to measure, what the main uses are, how they compete and interfere
with each other, and how to manage the growing competition.

Types of Water Use
The most obvious and immediate uses occur in its natural setting. They are called instream uses. Fish live in
it, as do some birds and animals, at least part of the time. Hydroelectric power generation, shipping, and
water-based recreation are other examples of human instream uses.

These instream uses are not always harmless. For example, oil leaking from outboard motors and freighters
can cause pollution. Large reservoirs needed for hydroelectric power generation remove water by
evaporation and completely change the river regime for downstream users.
The greatest number and variety of water uses occur on the land. These are called withdrawal uses. This
term is appropriate because the water is withdrawn from its source (a river, lake or groundwater supply),
piped or channelled to many different locations and users, and then is collected again for return to a lake,
river or into the ground. Household and industrial uses, thermal and nuclear power generation, irrigation and
livestock watering all fall into this category.
Most withdrawal uses "consume" some of the water, meaning less is returned to the source than was taken
out. Furthermore, the water which is put back into its natural setting is often degraded. For example, water
leaving our houses contains human and household wastes. The same is true of water used in many industrial
processes. Often this liquid waste is only partially treated, if at all, before it is returned to nature.

Water Use in the Future
As time goes on, more and more water users will compete for what remains the same finite supply. This
implies increases in water efficiency and conservation and doing even more to restore its quality after use.
Nor is conservation restricted to only the uses of water: energy conservation, a desirable goal in itself, also
contributes to water conservation. The reason is that reduced energy consumption lessens the need for
electric power generation, which outranks all other water uses many times.
Paying for the accumulated deterioration of water supply and sewerage systems, and making up for the
years of indifference and neglect our water resources have suffered is very much a part of the challenge to
conserve water for our own use and for that of future generations. But if we do not learn from our past
mistakes now, we will add to an already large environmental mortgage.
We must learn to use only what we need, and need what we use. In the words of one conservation slogan:
"Let's keep it on tap for the future."
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Introduction
Unlike withdrawal uses, instream uses cannot be measured quantitatively because the water is not removed
from its natural environment. Instead, instream uses are described by certain characteristics of the water or
by the benefits they provide to us and the ecosystem.
Flow rates and water levels are very important factors for instream uses. When these conditions are changed
by a dam, for example, it is easy for conflicts to arise. The most common conflict is between hydroelectric
development and other uses with respect of aquatic life, wildlife, water supply and water transportation.
Storage of the spring freshet (a high river flow caused by rapidly melting snow) removes the natural
variability of streamflows on which many life processes depend, in particular, the highly productive
ecosystems of deltas, estuaries and wetlands. To make the best use of our water, all needs must be carefully
assessed and taken into account.

Hydroelectric Power Generation
This water use is the principal source of electricity in Canada today. Billions of dollars have been invested in
its development. With large undeveloped hydroelectric sites still available in Quebec, Newfoundland,
Manitoba, British Columbia, and the territories, this form of energy development will retain its prominent
position for years to come. However, the environmental and human effects to be avoided or mitigated in
such large projects make them increasingly difficult and costly to plan and build.

Water: A powerful source of energy
Hydroelectric energy is produced by the force of falling water. The capacity to produce this energy is
dependent on both the available flow and the height from which it falls. Building up behind a high dam, water
accumulates potential energy. This is transformed into mechanical energy when the water rushes down the
sluice and strikes the rotary blades of turbine. The turbine's rotation spins electromagnets which generate
current in stationary coils of wire. Finally, the current is put through a transformer where the voltage is
increased for long distance transmission over power lines. In Canada, hydroelectric plants satisfy 62% of
electricity demands.
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Water Transport
Inland waterways in Canada have historically played a major role in getting Canadian goods and raw
materials to market. Some traditional uses, such as log driving, have now disappeared. However, water
transport is still the most economical means of moving the bulky raw materials which are our main exports:
wheat, pulp, lumber, and minerals. The main transportation waterways are the St. Lawrence River, which
allows passage of ocean-going ships from the Atlantic Ocean deep into the heart of North America, nearly as
far as the prairie wheat fields; the Mackenzie River, which is a vital northern transportation link; and the
lower Fraser River on the Pacific Coast. Cargo in the hundreds of millions of tonnes is transported along
these routes each year. Reliable and predictable lake and river levels are very important for this use.'

Freshwater Fisheries
Blessed with hundreds of thousands of freshwater lakes and rivers, Canada provides some of the most
spectacular sport fishing in the world. In 1995, over 4.2 million Canadians and visiting anglers took
advantage of this fact, spending $7.4 billon in the process. In 1997, the freshwater fishing industry
contributed $71 million to the GDP and employed 3 500 people. Moreover, coastal rivers provide spawning
grounds for salmon and other fish populations which support major saltwater fisheries.

Wildlife
Many wildlife species live in, on, or near the water and require access to it throughout their lives. Other
species may not use water as their primary habitat, but it is nonetheless essential to their well-being.
Watching, photographing and studying wildlife are all popular forms of recreation for Canadians. About 19%
of Canadians aged 15 years and over participated in these activities as the main or as a secondary reason for
their nature-related trip, according to a 1996 survey, and spent about $1.3 billion that year on them. In
1996, hunting attracted over one in twenty Canadians and accounted for about $800 million of wildliferelated spending. An additional $320 million was spent in 1996 on residential wildlife-related activities. The
majority of Canadians believe that it is important to maintain abundant wildlife and to protect declining or
Section Menu
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Recreation: Importance of Water for Tourism and Recreation in Canada
Water contributes to the quality of our lives. Activities such as swimming, beach activity, boating, canoeing,
and fishing allow us to experience the beauty of our lakes and rivers. More than a third of adult Canadians
(8.5 million people) take part in these activities on 89 million trips or outings during the year. The presence
of water also enhances activities like camping, sightseeing and photographing nature. A significant portion of
the $12 billion that nature-based tourism and recreation contribute to the Canadian GDP results from
activities that depend on clean and abundant water. For example, nearly $2 billion results from expenditures
on recreational fishing alone.
Number of participants, days and trips for water-based activities in Canada in
1996
(Water-based activities include swimming/beach activity, canoeing/kayaking/sailing, power boating
and recreational fishing)

Participation
Total Days
Total
% of
Total
population
age 15 and
over
8 532 000 36.3%
134 520 000 89 423 000

Trips
Same-day

59 239 000

Overnight

30 184 000

Number and percentage of Canadians participating in water-based activities, 1996 (by province
or territory of residence)
Region
Canoeing /
Swimming /
Power
Kayaking /
Fishing
Beach activity
boating
Sailing

Number
Canada

pop. 15+

Number

% of
pop. 15+

Number

% of
pop. 15+

Number

% of
pop. 15+

23.7 2 342 000

9.9 2 183 000

9.3

418 400

17.7

109 000

24.1

40 000

9.0

33 000

7.4

138 000

30.6

29 000

27.0

5 600

5.2

4 600

4.3

13 000

12.5

Nova Scotia

203 000

27.5

75 000

10.2

36 000

4.8

110 000

14.9

New Brunswick

139 000

23.0

61 000

10.2

33 000

5.5

103 000

17.0

Quebec

970 000

16.4

509 000

8.6

386 000

6.5 1 037 000

17.6

Ontario

2 332 000

26.1 1 021 000

11.4

905 000

10.1 1 536 000

17.2

Newfoundland
Prince Edward Island

5 582 000

% of

Manitoba

277 000

32.2

87 000

10.1

124 000

14.4

170 000

19.8

Saskatchewan

218 000

28.8

71 000

9.3

127 000

16.7

171 000

22.6

Alberta

485 000

22.7

183 000

8.6

203 000

9.5

361 000

16.9

British Columbia

818 000

26.6

286 000

9.3

330 000

10.7

537 000

17.5

3 300

16.7

2 000

10.3

2 000

10.4

6 400

32.2

Yukon
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Note: percentage of population age 15 and over
Source: Survey on the Importance of Nature to Canadians in 1996, special tabulations.

Section Menu

Waste Disposal
It has long been convenient to use lakes, rivers, and oceans as receiving bodies for human and industrial
wastes. While water is capable of diluting and "digesting" society's wastes to some degree, there are limits to
what even the largest body of water can absorb. The extent to which instream processes can absorb
contaminants depends on factors such as the nature of the contaminant, how much of it there is compared
to the volume of water, how long the contaminant stays in the water, the temperature of the water, the rate
of flow. Many of our waterways are now overloaded with wastes. This problem can best be resolved by
increased regulation and/or monitoring.
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Introduction
Withdrawal use is directly measurable as quantities of intake, discharge, and consumption. Water intake is
the amount withdrawn from the source for a particular activity over a specific period of time. This measure is
important because it represents the demand imposed by that particular use on the water source at a given
location. Usually, however, most of the water taken out is returned at or near the source. This is called
water discharge.
Water consumption is the difference between water intake and water discharge. Consumption removes
water from a river system and makes it unavailable for further use downstream. The irrigation of crops is by
far the largest consumptive use, followed by evaporation in large open water reservoirs and cooling ponds.
However, because evaporation is difficult to measure, it is seldom recognized as water consumption.
In the global hydrologic cycle, water is never actually lost. For example, the water evaporated from industrial
cooling towers or an irrigated field simply returns to the atmosphere, later to fall again as precipitation
somewhere else on earth.
We determine how efficiently we use water in a particular process or economic sector with the help of two
additional measurements: gross water use and the amount of water that is recirculated. Gross water use
represents the total amount of water used during a process. This would normally be equal to the water
intake, except that more and more users (especially industries) reuse the same water one or more times. In
such cases, the gross water use could be equal to several times the water intake. The difference between
gross water use and water intake is the amount recirculated, which can be expressed as a recycling rate.
This is the number of times that the water is recirculated and indicates how efficient a particular water use is.
In 2006, five main withdrawal uses are estimated to have accounted for a gross water use in Canada of
60 527 million cubic metres (MCM), made up of intake (50 914 MCM in industrial uses and recirculation
(9 622 MCM in industrial uses). About 30% of the intake was consumed (mostly industrial uses and
agriculture), while the rest was discharged back to receiving waters.

* Includes rural domestic use (1.5%)
All industrial values are from 2005 (Statistics Canada Industrial Water Survey, 2005), Municipal values from 2006 (Environment Canada's
2006 Municipal Water and Wastewater Survey) and Agricultural values from 2001 (Statistics Canada Estimation of Water Use in Canadian
Agriculture in 2001).
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The next figure (following page) illustrates the importance of the main water uses in Canada. The
following are explanatory notes for that figure:
* Municipal data exclude water supplied to industry.
** Municipal data include estimates for rural residential water use.
*** Negative mining consumption value results from incomplete reporting of "mine water" intake, or overall annual balance fluctuations in
tailing ponds. An accurate mining consumption value is thus not available.

Notes: Intake plus Recirculation equals Gross Use. Intake minus Discharge equals Consumption (except in the municipal sector, where
consumption has been estimated at 510 or 10 percent of intake (see Note 3). Municipal consumption is an uncertain figure, but has been
estimated. However, the difference between intake and discharge is not consumption, but non-metered sewage. If this non-metered sewage
(including rainfall) was known, then the municipalities would be "net producers" of water, not consumers. Data for some sectors have been
extrapolated and rounded.
Source: Environment Canada water use surveys and studies.

The diagram shows how:
We use water in many different ways and quantities.
Some uses require much more water than others. For example, electrical power generation (excluding
hydroelectric power, which is an instream use) withdraws almost four times as much water as all
manufacturing uses, and 60% more than the four other uses combined.
Some uses are more efficient than others. The manufacturing sector, for example, has a gross use of
almost twice the water intake, thanks to recirculation. The mining industry actually reuses its water
more than twice, on average.
Some uses consume more water than others. Agricultural uses, for example, return very little of the
intake water to its source. In southern Alberta and Saskatchewan, agricultural withdrawals are highest
for irrigation where water supplies are lowest.
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Water Intake in Canada, 2006 (million cubic metres per year)
Region Thermal ManuMining
Total
Rural
MuniAgriculPower facturing
cipal
ture
(Intake

(Intake

(Intake

cannot be

cannot be cannot be separated
separated separated from total
water

from total from total
water

water

use. Total

use. Total use. Total water use
water use water use reported
reported

reported

here)

here)

here)

Atlantic

data not 537.7
available

data not 20.6
available

243.9

Quebec

data not 1 833.1
available

24.2

113.2

1 581.5 219.6

3 771.6

Ontario

26 647.9 3 486.8

42.7

174.1

1 662.5 212.7

32 226.7

Prairies

data not 675.2
available

data not 3 592.4 624.1
available

128.9

5 020.5

62.1

886.2

153.3

3 119.5

458.9

4 786.6 4 883.8 856.3

45082.5

data not 1 246.1
British
Columbia available
and North
National
Total

32 137.5 7 778.9

771.8

141.8

944.0
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(Some values
are not
reported by
region due to
confidentiality
and/or data
issues.
National totals
therefore may
not equal the
sum of the
regions)

Percent of 63.12
Total

15.28

0.90

9.40

9.60

1.68

100

Percent of 63
Total
(rounded)

15

1

9.5

9.5

2

100

Source: Environment Canada. Municipal Water and Wastewater Survey, 2006
Statistics Canada. Estimation of Water Use in Canadian Agriculture in 2001 and Statistics Canada Industrial Water Survey, 2005.

Thermal Power Generation
This industrial sector, which includes both conventional and nuclear power generating plants, withdrew 63%
of the total water intake in 2005. Next to fuels, water is the most important resource used in large-scale
thermal power production. Production of one kilowatt-hour of electricity requires 140 litres of water for fossil
fuel plants and 205 litres for nuclear power plants. Some of the water is converted to the steam which drives
the generator producing the electricity. Most of the water, however, is used for condenser cooling.
Why is so much cooling necessary? Because today's processes can only convert 40% of the fuel's energy into
usable electricity. The rest is wasted. This shows the double cost of inefficient energy use: first, in the
wasted energy, and then in the water required to cool the wasted heat to the temperature where it can be
released safely into the environment. This requires a continuous flow of cooling water circulating through the
condenser. All the cooling water is therefore returned to the environment much warmer. However, the
temperature can be reduced using cooling towers and other such devices.
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Industrial Use
Water is the lifeblood of industry. It is used as a raw material, a coolant, a solvent, a transport agent, and as
a source of energy. An automobile coming off the assembly line, for example, will have used at least
120 000 litres of water -- 80 000 to produce its tonne of steel and 40 000 more for the actual fabrication
process. Many thousands more litres of water are involved in the manufacture of its plastic, glass, fabric
components. Manufacturing accounted for 15% of water withdrawals in 2005. Paper and allied products,
primary metals, and chemicals were the three main industrial users.

Industrial water use data
There have been seven industrial water surveys (1976, 1981, 1986, 1991, 1996, 2005 and 2007). These
surveys were conducted subject to the federal Statistics Act under an agreement between Statistics Canada
and Environment Canada. A detailed report on industrial water use has been released, based on the data
collected in the 2007 survey.
Data from the 2007 Industrial Water Survey are now available. To order data, for more information, or to
enquire about the concepts, methods or data quality of this release, contact Statistics Canada.
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Municipal Use
Can you imagine a city without water? We use it for drinking, cooking, and for other household needs. In
2004, Canadians, on average, used 329 litres of water per person per day.

Water is also needed to clean our streets, fight fires, fill public swimming pools, and water lawns and
gardens.
Municipal water use, including residential, commercial, and public uses, and the water lost from reservoirs
and pipes amounted to about 9.5% of all withdrawals in Canada in 2006. This figure does not include rural
areas where water use is not measured. If rural domestic uses were included, this figure would rise to about
11.5%.
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What is a Fair Price?
Consider for a moment the great contribution water makes to our quality of life -- indeed to life itself. Most of
us rely on municipal water service, and our health depends on the quality of the water supplied. Most
Canadians have been putting this service inadvertently at serious risk by not paying a sufficient price for its
provision. According to the National Round Table on the Environment and Economy, unmet water and
wastewater infrastructure needs in Canada were $38-49 billion in 1996, and capital costs for the following
20 years will be in the order of $70-90 billion.

There is one clear way to deal with this problem. We need to pay realistic rates for water service which are
sufficient to cover their true cost. In other words, we should pay a fair price that will recover the full cost of
water delivered to the tap, one that is based on actual quantity used. Those who use more water should pay
more and those who use less should pay less. Experience has shown that one important result will be users
recognize the real value of this resource, and will use it more efficiently and wisely.
The price Canadians pay for water varies significantly across the country. Analysis of the 2004 Municipal
Water and Wastewater Survey and the accompanying Municipal Pricing Report (2004 statistics) prepared in
2008 indicates that the average domestic water user (assuming 25 000 litres per month) pays $1.26 for
1000 litres. This value has increased substantially in recent years from about 82 cents per 1000 litres in
1991, and nationally, now includes a waste treatment component of about 46.5%. Correcting the problem of
the undervalued water resource would involve minimal change. However, in some cases, economically
rational pricing would also require an increase in water metering, which in turn would reduce demand enough
to postpone the need for new facilities for years, with significant savings for each year of postponement.

Even with the price, water would still be the best bargain going, compared with other liquids we consume -and which, unlike water, are not delivered at our taps year-round. Bottled water, for example, is in great
demand at $1 500 for 1000 litres, or 1000 times the price for the same volume of high quality tap water!
Just compare the price of tap water with the typical cost of some other beverages.
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* All amounts are in Canadian dollars.
** Only tap water includes automatic delivery to the user. This figure includes the cost of waste treatment.

In 2004, the average Canadian daily domestic use of fresh water was 329 litres per person. At least half of
this amount is unnecessary and wasteful. Common causes of waste at home are leaking faucets, faulty
plumbing, and over-use of water for watering the lawn and washing the car. Much of this waste would be
reduced if we had to pay a fair price for water. As our usage becomes more efficient, we would not only
produce less wastewater, we could also afford better treatment for it. In fact, wastewater usually becomes
easier to treat if it is less diluted at the treatment plant, as there is less water to be removed from the
sludge. The result would be multiple savings and a better environment.
The same principle applies to industrial, agricultural, and commercial users. If major industries with their
own water supplies were also charged for the amount they withdraw from their source of water, reuse would
increase and a more efficient use of water would result. In fact, recycling has been called an automatic
solution to the water quality problem. The cleaner the discharge required by regulations, the easier and more
economical it is to reuse that same water instead of pumping in fresh supplies. Realistic pricing of water for
large-volume agricultural uses such as irrigation would tend to lead to greater efficiency in its use, and
therefore to conservation.

Agricultural Use
Farmers depend on water for livestock and crop production. Agriculture was the fourth largest water user in
2005, accounting for 9% of total withdrawals. Water is withdrawn mainly for irrigation (92.4%) and livestock
watering (5.4%). Irrigation is needed mainly in the drier parts of Canada, such as the southern regions of
Alberta, British Columbia, Saskatchewan, and Manitoba. Irrigation is also used in Ontario and the Maritimes
for frost control. Since so much of the water intake evaporates, only a small fraction is returned to its source.
This is a highly consumptive use.

Mining
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This category includes metal mining, non-metal mining, and the extraction of coal. Water is used by the
mining industry to separate ore from the rock, to cool drills, to wash the ore during production, and to carry
away unwanted material.
Although the mining industry had a gross use half that used in agriculture, mining accounted for only 1% of
all water intake in 2005, compared to 9% in the agricultural sector. This was the smallest withdrawal use,
but mining recirculates its water intake to a greater extent than any other sector.
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Introduction
Overall, Canada is blessed with freshwater resources. But their availability varies considerably from season
to season and year to year, and from one region to another. Faced with floods, droughts, and other problems
of water supply, engineers have stretched available resources by means of structures: dams, which hold
back flows for release when they are more useful or less destructive, and diversions, which redirect the
resource to where it is more useful. In fact, dams and diversions often go together: water is stored in a
reservoir formed behind a dam, and then withdrawn by ditch, canal, or pipeline from its natural course for
transfer elsewhere.

Dams
Generally, rivers are dammed to create reservoirs for power production, downstream flood control,
recreation, or irrigation. Canada ranks as one of the world's top ten dam builders. Although the Canadian
Dam Association's register of dams (2003) reports 933 large dams*, there are many thousands of small
dams.

Source: Canadian Dam Association's register of dams (2003)

In Canada, large dams are used primarily for hydroelectric power generation (596 dams), but are also used
for the following purposes:
multi-purposes (86 dams)
tailings (82 dams)
water supply (57 dams)
irrigation (51 dams)
flood control (19 dams)
recreation (7 dams)
other purposes (35 dams)
When a dam is constructed it can have an effect on the water quality of a river system. The land behind it is
flooded which may mean the loss of valuable wildlife habitat, farmland, forests, or town sites. Accumulation
of sediments in the reservoir can have a detrimental effect on water quality by creating increased
concentrations of harmful metal and organic compounds in the reservoir. If vegetation is not removed behind
the dam before flooding, other problems can occur. For example, the eutrophication process may occur at a
faster rate and adversely affect the water quality.
* A large dam is defined as being higher than 15 metres or, under certain conditions, higher than 10 meters.

Diversions
In the past, diverting flow from one basin to another has been primarily based on economic development
through energy generation, irrigation, and industrial output. In Canada, major diversion projects have been
developed by power utilities to increase flows for hydroelectric production, especially in northern projects
such as the Churchill-Nelson region in Manitoba and in the James Bay region in Quebec. Projects have also
been constructed for irrigation purposes and industrial development such as aluminum production.
Interbasin diversions can have undesirable social and environmental consequences. For example, the amount
of water being removed in relation to the amount of water available, existing water demand and uses, quality
of water being transferred, including the potential for the introduction of undesirable non-native species and
pathogens, can all have significant impacts. The implication of introducing non-native species is particularly
significant when major drainage basins are involved.
Social structures may also be affected. Sometimes communities are flooded out or people are forced to
change their livelihood or otherwise modify their traditional way of life.
While, in the past, major diversions and transfers have been used to fulfill water resource and economic
development objectives, it is widely recognized that we have moved away from the era of large scale
diversions and transfers in Canada and the United States. Environmental and social considerations are
making these transfers of water a less desirable option. Present approaches now favour reducing the demand
on water uses.
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Introduction
Just as the quality of the water affects the use we make of it, the reverse is also true. Once we have used
the water, we affect its quality. This circular process indicates that the traditional habit of discharging
untreated sewage and chemical wastes directly into rivers, lakes, estuaries of oceans for eventual
"assimilation" into the environment is no longer acceptable -- either technically of morally.
The explosion in human population and industrial activities, and the rate at which new chemicals and
products are being developed and used pose a global environmental threat. The natural decay processes in
water bodies can no longer cope with these loads.
The approach to controlling pollution depends on:
the type of pollutant: is it degradable? persistent? is it metal? pesticide? dioxin? PCB?
the source: does it come from an industrial pipe? a farmer's field? the atmosphere?
the effects: is it harming fish? birds? plants? humans?

Water Quality Objectives and Guidelines
There is no single measure that constitutes good water quality. For instance, water suitable for drinking can
be used for irrigation, but water used for irrigation may not meet drinking water guidelines.
In Canada, governments use various measures to protect water quality, among them guidelines and
objectives. The two measures are similar in that both describe how much of a substance we, as a society,
will tolerate in water. But guidelines and objectives are arrived at and applied differently.
Water quality guidelines are scientifically determined and indicate the maximum allowable concentration of
substances for a particular water use such as livestock watering or swimming. These national guidelines
serve as the targets for environmental protection.
Water quality objectives, on the other hand, specify the concentrations of substances permissible for all
intended water uses at a specific location on a lake, river, or estuary. The objectives are based on the water
quality guidelines for the uses at that location, as well as on public input and socio-economic considerations.
Water quality guidelines and objectives not only protect water users and the environment, they also promote
sustainable water management strategies.

Regulations
Ideally, polluting contaminants should be prevented from entering the water. At the most, in some
circumstances, they can be allowed only in low concentrations. All provinces and territories in Canada have
pollution control regulations. In deciding which substances to control, and to determine their concentrations
and how they may enter the environment, a number of questions have to be asked, including:
what are the sources, amounts and effects of various substances?
what happens to them and what do they do after they have entered the water? do they change? to
what?
where do the substances end up?
can they be prevented from reaching the water body or removed by treatment?
An example of a substance successfully regulated to reduce pollution is the phosphate found in laundry
detergents. The Canadian Environmental Protection Act (CEPA) regulates many substances that have a
deleterious effect on the environment.

Technology
Technology can be used in many cases to reduce or eliminate substances that may be harmful to the
environment. Sewage treatment plants, properly operated and maintained, are a means of removing many
toxic substances from wastewater and returning the treated water to a river or lake without causing harm
downstream. Water treatment plants can take river or lake water and make it fit for drinking.
But what happens when contaminants are not removed, even by the most modern water treatment
methods? They may be present only in minuscule quantities, but because they are persistent, they can build
up to very harmful levels. In such cases, we can protect future generations and the ecosystem as a whole in
only one way: preventing the chemicals from entering the water system.

Be a Responsible Consumer
Something all of us, as individuals, can do to protect water quality and the environment is to recycle
products that are not degradable such as glass, cans and motor oil. Many municipalities in Canada have
recycling programs.
Choose non-hazardous products. Most household chemical products and pesticides sold in Canada have
warning labels. These labels tell whether the product is flammable, poisonous, corrosive or explosive. Proper
disposal of these products is important to ensure water quality is not affected.
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Municipal wastewater effluents are the largest single effluent discharges,
by volume, in the country

Pollution Entering Canadian Waters
Across Canada, a high proportion of the population is served by wastewater collection and treatment
systems. The level of treatment ranges from no treatment to very sophisticated and thorough treatments.
Wastewater effluents are released to a wide variety of receiving environments: lakes, ponds, streams, rivers,
estuaries and oceans. Effluents released from wastewater systems do contain pollutants of concern since
even advanced treatment systems are unable to remove all pollutants and chemicals. Furthermore, some
sewer collection and treatment systems are combined with stormwater collection systems that can become
overloaded during heavy rainfalls, resulting in the release of partially treated or even untreated effluents.
The solid material (biosolids and sludges) collected during treatment is disposed of on land, incinerated or
sent to landfills. Treatment of wastewater also releases emissions to air mostly in the form of carbon dioxide
and methane.
The 2001 report "The State of Municipal Wastewater Effluents in Canada" describes the sources and the
nature of contaminants entering municipal sewer systems, levels of wastewater treatment across Canada,
the impacts that wastewater effluents can have on water quality, plant and animal life and human health and
beneficial water uses, such as shellfish harvesting and recreation.

The Effect of the Release of Wastewater Pollutants on Ecosystems and Human
Health
Releases to surface waters
Several environmental and health impacts resulting from insufficient wastewater treatment have been
identified in the scientific literature and actions need to be taken to reduce these impacts. These impacts can
include negative effects on fish and wildlife populations, oxygen depletion, beach closures and other
restrictions on recreational water use, restrictions on fish and shellfish harvesting and consumption and
restrictions on drinking water consumption.
Some examples of pollutants that can be found in wastewater and the potentially harmful effects these
substances can have on ecosystems and human health include:
decaying organic matter and debris can use up the dissolved oxygen in a lake so fish and other aquatic
biota cannot survive;
excessive nutrients, such as phosphorus and nitrogen (including ammonia), can cause eutrophication,
or over-fertilization of receiving waters, which can be toxic to aquatic organisms, promote excessive
plant growth, reduce available oxygen, harm spawning grounds, alter habitat and lead to a decline in
certain species;
chlorine compounds and inorganic chloramines can be toxic to aquatic invertebrates, algae and fish;
bacteria, viruses and disease-causing pathogens can pollute beaches and contaminate shellfish
populations, leading to restrictions on human recreation, drinking water consumption and shellfish
consumption;

metals, such as mercury, lead, cadmium, chromium and arsenic can have acute and chronic toxic
effects on species.
other substances such as some pharmaceutical and personal care products, primarily entering the
environment in wastewater effluents, may also pose threats to human health, aquatic life and wildlife.

Releases to Air
The process of collection and treatment of wastewater also results in the release of certain volatile chemicals
into the air. The chemicals tyically released in the largest volume include; methane, carbon dioxide, oxides of
nitrogen, hydrogen sulfide, mercaptans, chlorine (if used in the treatment process) and various other
chemicals can be released to a smaller extent.

Releases to Land
The process of removing both inorganic and organic suspended solids from the wastewater results in large
quantities of solid waste. In typical treatment facilities, the inorganic solids (grit, debris) and other nonbiodegradable materials are sent to landfill. Many secondary treatment facilities collect the organic solids and
process them in a digester to recover methane gas for energy production. Once the organic solids have been
completely digested (no further methane production), various options are available to the treatment facility.
These solid wastes can be land applied as a soil fertilizer/conditioner, incinerated for further energy recovery,
sent to landfill, or to deep well injection.

Date Modified: 2010-06-14

Main Menu

Environment Canada

Wastewater Management

Main Menu

Wastewater effluents are the largest source of pollution by volume to surface water in Canada. Wastewater
effluents may contain many pollutants and substances of concern including grit, debris, suspended solids,
disease-causing pathogens, decaying organic wastes, nutrients and hundreds of chemicals.
Wastewater is a term typically used to describe liquid wastes from two types of sources. The first source,
sanitary sewage, is generated from homes, businesses, institutions and industries. The second source,
stormwater, is generated from rain or melting snow that drains off rooftops, lawns, parking lots, roads and
other urban surfaces. Wastewater is collected by sewer systems and in most cases is treated before being
released to the environment.
There are two types of wastewater collection systems; 1. a combined sewer, and 2. a separate sewer
system. Combined sewer systems combine both the sanitary sewage and stormwater collection. During
periods of heavy precipitation, overflows caused by overloading the combined sewer collection system may
result in a direct discharge of raw sewage into surface waters. On the other hand, separate sewers have
isolated the sanitary sewage collection from that of stormwater collection.
Below is a simplified schematic showing how pollutants enter the wastewater collection and treatment
system from various sources to their eventual release to the environment.

In Canada, most wastewater systems are owned and operated by municipalities. Much of the Canadian
population is served by wastewater collection and treatment systems; however, wastewater receives various
levels of treatment to remove pollutants prior to discharge, ranging from no treatment to very sophisticated,
thorough treatment. As a result, wastewater quality and the amount of pollutants released to the
environment vary across Canada.
In Canada, all levels of government share the responsibility for managing the collection, treatment and
release of wastewater effluent. The Government of Canada is responsible for managing the risks posed by
substances listed under the Canadian Environmental Protection Act, 1999 (CEPA 1999).

The Wastewater Systems Effluent Regulations are now in force. The Government of Canada worked with the
provinces, territories and engaged municipalities, Aboriginal communities and organizations and other
interested parties to establish the country’s first national standards for wastewater treatment. The
Regulations are established under the Fisheries Act and include mandatory minimum effluent quality
standards that can be achieved through secondary wastewater treatment.

Section Menu
Date Modified: 2012-10-16

Main Menu

Environment Canada

Groundwater Contamination

Main Menu

In this Section:
How we Contaminate Groundwater
Sources of groundwater contamination
Septic disposal systems
Saltwater intrusion
Leaking underground storage tanks and piping
Dense non-aqueous phase liquids (DNAPLs)
Safeguarding our Groundwater Supply

How we Contaminate Groundwater
Any addition of undesirable substances to groundwater caused by human activities is considered to be
contamination. It has often been assumed that contaminants left on or under the ground will stay there.
This has been shown to be wishful thinking. Groundwater often spreads the effects of dumps and spills far
beyond the site of the original contamination. Groundwater contamination is extremely difficult, and
sometimes impossible, to clean up.

Groundwater contaminants come from two categories of sources: point sources and distributed, or non-point
sources. Landfills, leaking gasoline storage tanks, leaking septic tanks, and accidental spills are examples of
point sources. Infiltration from farm land treated with pesticides and fertilizers is an example of a non-point
source.
Among the more significant point sources are municipal landfills and industrial waste disposal sites. When
either of these occur in or near sand and gravel aquifers, the potential for widespread contamination is the
greatest.

Other point sources are individually less significant, but they occur in large numbers all across the country.
Some of these dangerous and widespread sources of contamination are septic tanks, leaks and spills of
petroleum products and of dense industrial organic liquids.
Septic systems are designed so that some of the sewage is degraded in the tank and some is degraded and
absorbed by the surrounding sand and subsoil. Contaminants that may enter groundwater from septic
systems include bacteria, viruses, detergents, and household cleaners. These can create serious
contamination problems. Despite the fact that septic tanks and cesspools are known sources of
contaminants, they are poorly monitored and very little studied.
Contamination can render groundwater unsuitable for use. Although the overall extent of the problem across
Canada is unknown, many individual cases of contamination have been investigated such as Ville Mercier in
Quebec; the highway de-icing salt problem in Nova Scotia; industrial effluents in Elmira, Ontario; various
pesticides in the Prairie provinces; industrial contamination in Vancouver, British Columbia; and so on. In
many cases, contamination is recognized only after groundwater users have been exposed to potential health
risks. The cost of cleaning up contaminated water supplies is usually extremely high.
Contamination problems are increasing in Canada primarily because of the large and growing number of toxic
compounds used in industry and agriculture. In rural Canada, scientists suspect that many household wells
are contaminated by substances from such common sources as septic systems, underground tanks, used
motor oil, road salt, fertilizer, pesticides, and livestock wastes. Scientists also predict that in the next few
decades more contaminated aquifers will be discovered, new contaminants will be identified, and more
contaminated groundwater will be discharged into wetlands, streams and lakes.
Once an aquifer is contaminated, it may be unusable for decades. The residence time, as noted earlier, can
be anywhere from two weeks or 10 000 years.
Furthermore, the effects of groundwater contamination do not end with the loss of well-water supplies.
Several studies have documented the migration of contaminants from disposal or spill sites to nearby lakes
and rivers as this groundwater passes through the hydrologic cycle, but the processes are not as yet well
understood. In Canada, pollution of surface water by groundwater is probably at least as serious as the
contamination of groundwater supplies. Preventing contamination in the first place is by far the most
practical solution to the problem. This can be accomplished by the adoption of effective groundwater
management practices by governments, industries and all Canadians. Although progress is being made in
this direction, efforts are hampered by a serious shortage of groundwater experts and a general lack of
knowledge about how groundwater behaves.
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Sources of groundwater contamination
There are many different sources of groundwater contamination. Groundwater becomes contaminated when
anthropogenic, or people-created, substances are dissolved or mixed in waters recharging the aquifer.
Examples of this are road salt, petroleum products leaking from underground storage tanks, nitrates from
the overuse of chemical fertilizers or manure on farmland, excessive applications of chemical pesticides,
leaching of fluids from landfills and dumpsites, and accidental spills.
Contamination also results from an overabundance of naturally occurring iron, sulphides, manganese, and
substances such as arsenic. Excess iron and manganese are the most common natural contaminants.
Another form of contamination results from the radioactive decay of uranium in bedrock, which creates the
radioactive gas radon. Methane and other gases sometimes cause problems. Seawater can also seep into
groundwater and is a common problem in coastal areas. It is referred to as "saltwater intrusion".
These contaminants can originate from a “point source” or “non-point source” – meaning they can come from
a single source (or point) or, that they don’t have one specific source and come instead from the cumulative
effect of any number of factors or activities.

Below are some of the many point- and non-point sources of groundwater pollution, as well as more detailed
explanations of four of these contaminants: septic disposal systems, saltwater intrusion, leaking underground
storage tanks and DNAPLs.
Point sources
On-site septic systems
Leaky tanks or pipelines containing petroleum products
Leaks or spills of industrial chemicals at manufacturing facilities
Underground injection wells (industrial waste)
Municipal landfills
Livestock wastes
Leaky sewer lines
Chemicals used at wood preservation facilities
Mill tailings in mining areas
Fly ash from coal-fired power plants
Sludge disposal areas at petroleum refineries
Land spreading of sewage or sewage sludge
Graveyards
Road salt storage areas
Wells for disposal of liquid wastes
Runoff of salt and other chemicals from roads and highways
Spills related to highway or railway accidents
Coal tar at old coal gasification sites
Asphalt production and equipment cleaning sites
Non-point (distributed) sources
Fertilizers on agricultural land
Pesticides on agricultural land and forests
Contaminants in rain, snow, and dry atmospheric fallout
Source: Adapted from: Cherry, John A. "Groundwater Occurrence and Contamination in Canada." In M.C. Healey and R.R. Wallace, Canadian
Aquatic Resources, eds., Canadian Bulletin of Fisheries and Aquatic Sciences 215: 395. Department of Fisheries and Oceans: Ottawa, 1987.

Septic disposal systems
Roughly 10 percent of the Canadian population is served by private wells and septic disposal systems. These
systems were originally designed for houses that were widely separated from their nearest neighbour, such
as farmhouses and the occasional rural residence. Yet, today, in many parts of the country, individual private
wells are being installed in subdivisions at suburban densities. The primary danger here is that too many
wells may pump too much water for the aquifer to sustain itself.

Septic treatment systems associated with these developments can stress the environment in a number of
other ways. They are often allowed in less than satisfactory soil conditions and are seldom maintained
properly. They are also unable to treat many household cleaners and chemicals which, when flushed down
the drain or toilet, often impair or kill the bacterium needed to make the system work (The same applies in
urban systems). The end results are improper treatment of wastewater -- if not outright failure of the
system -- and the contamination of adjacent wells with septic effluent containing bacterium, nitrates and
other pollutants.
See also Wastewater section
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Saltwater intrusion
Saltwater intrusion can be a problem in coastal areas where rates of groundwater pumping are high enough
to cause sea water to invade freshwater aquifers. The problem can be avoided by appropriate well field
design and by drilling relief wells to keep the salt water away from the fresh groundwater source. Some wells
pumping saltwater in Prince Edward Island, are used as convenient water supplies for shellfish farms.

Leaking underground storage tanks and piping
Leaks of petroleum products have been increasing over the last two decades because underground steel
tanks installed in large numbers in the 1950s and 1960s have become corroded. Before 1980, most
underground tanks were made of steel. Without adequate corrosion protection, up to half of them leak by the
time they are 15 years old.
Groundwater dissolves many different compounds, and most of these substances have the potential to
contaminate large quantities of water. For example, one litre of gasoline can contaminate 1 000 000 litres of
groundwater. This problem is particularly severe in the Atlantic provinces where there is a high usage of
groundwater. In many cases, the problem is noticed long after the aquifer is contaminated, for example,
when consumers start tasting or smelling gasoline.

Dense non-aqueous phase liquids (DNAPLs)
A type of contaminant that is especially troublesome is the group of chemicals known as dense nonaqueous phase liquids, or DNAPLs. These include chemicals used in dry cleaning, wood preservation,
asphalt operations, machining, and in the production and repair of automobiles, aviation equipment,
munitions, and electrical equipment. They can also be generated and released in accidents, e.g., the
Hagersville, Ontario "tire fire." These substances are heavier than water and they sink quickly into the
ground. This makes spills of DNAPLs more difficult to handle than spills of petroleum products. As with
petroleum products, the problems are caused by groundwater dissolving some of the compounds in these
volatile substances. These compounds can then move with the groundwater flow. Except in large cities,
drinking water is rarely tested for these contaminants.
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Safeguarding our Groundwater Supply
Groundwater is an essential resource. It exists everywhere under the Canadian landscape and is vitally
connected to our rich surface water resources. Contamination of groundwater is a serious problem in
Canada. Industrial and agricultural activities are major sources of contaminants, but Canadian households
are equally important sources.
Groundwater moves so slowly that problems take a long time to appear. Because of this, and because it is so
expensive to clean up a contaminated aquifer (if it can be done at all), it is preferable by far to prevent
contamination from happening in the first place. For example, leaking underground storage tanks can be
replaced by tanks that will not corrode; landfills can be sited in locations where leachates will not
contaminate underlying groundwater; and the impacts of spills of hazardous materials reduced by restricting
access to recharge areas.
Once these contaminants are in the groundwater, they eventually reach rivers and lakes. In other words,
once we have a pollution problem, we may be only a step away from a water supply problem.
All levels of government in Canada are starting to take some of the actions necessary to protect our
groundwater supplies, but there is a long way to go before these measures are fully effective. At the same
time, universities and government research institutes are investigating what happens to water underground
and what can be done to preserve it and even improve its availability to us. Both as a society and as
individuals, we must keep in mind groundwater's susceptibility to contamination.
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Introduction
Acid rain refers to rainwater that, having been contaminated with chemicals introduced into the atmosphere
through industrial and automobile emissions, has had its acidity increased beyond that of clean rainwater.
Acidity is measured on a pH scale. For example, vinegar, an acid, has a pH of 3, and lemon juice, another
acid, has a pH of 2. It is generally accepted that rain with a pH less than 5.3 is acidic.

Emissions of sulphur and nitrogen oxides from a variety of sources enter the atmosphere everyday. While in
the atmosphere, these compounds combine with atmospheric water to form acids. The most common acids
formed in this manner are sulphuric acid and nitric acid. When mixed with rain, these acids fall as wet
deposition (acid rain). In the absence of rain, the particulate matter slowly settles to the ground as dry
deposition. Together, wet and dry deposition of acidic substances is known as acid precipitation.

The Long-Range Transport of Airborne Pollutants
On a daily basis, human activities -- industrial, agricultural and residential -- cause vast quantities of natural
and synthetic chemicals to be emitted into the atmosphere. Once released, the substances are dispersed

throughout the globe by air currents that know no boundaries -- provincial or international. This phenomenon
is known as the long-range transboundary air pollution (LRTAP).
Over time, these emissions expose human beings, wildlife and resources to diverse quantities and mixtures
of air pollutants. The resulting harm is difficult to evaluate, since it occurs over varying time frames and over
vast areas having differing degrees of sensitivity. The reversibility of the damage is not yet well understood.
Some of the chemicals in the atmosphere are rendered harmless through exposure to sunlight, but others
are extremely persistent, surviving and circulating around the earth for as long as months or years. They
reach our water systems through dry or wet deposition.
Acid rain, one of the most publicized LRTAP phenomena, originated with emissions from coal-fired
generators, non-ferrous metal smelters, petroleum refineries, iron and steel mills, pulp and paper mills, and
from motor vehicle exhaust. The released sulphur dioxide and nitrogen oxides are converted to sulphuric and
nitric acids in the atmosphere. These acids return to earth through wet sulphate and/or nitrate deposition
(including rain, snow and fog).
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In Canada, the major sources of sulphur dioxide emissions are non-ferrous metal smelters, followed by coalfired generators. Motor vehicles and, to a lesser extent, coal-fired generators, are the major sources of
nitrogen oxides. About half the wet sulphate deposition in eastern Canada is estimated to come from the
United States, while about ten percent of the deposition in the northeastern United States comes from
Canada.
The damage caused by acid rain deposition occurs in environments that cannot tolerate acidification. Many
species of fish, insects, aquatic plants and bacteria develop reproduction difficulties. Some even die. The
decline in the population of any of these aquatic organisms affects the food chain. Dwindling populations of
insects and small aquatic plants and animals are especially serious because the entire food chain is affected.

How Acid Rain Affects Water Quality
The effects of acid deposition on water quality, although complicated and variable, have been well
documented. Impacts from these acidic compounds in the atmosphere can occur directly, by deposition on
the water surface, or indirectly, by contact with one or more components of the terrestrial ecosystem before
reaching any aquatic system. The interactions of acid deposition with the terrestrial ecosystem, including
vegetation, soil, and bedrock, result in chemical alterations of the waters draining these watersheds,
eventually altering conditions in the lakes downstream.
The extent of chemical alteration resulting from acidic deposition depends largely on the type and quantity of

the soils and the nature of the bedrock material in the watershed, as well as on the amount and duration of
the precipitation. Watersheds with soils and bedrock containing substantial quantities of carbonate-containing
materials, such as limestone and calcite, are less affected by acidic deposition because of the high acidneutralizing capacity derived from the dissolution of this carbonate material. Thousands of lakes in Canada,
however, lie on the Precambrian Shield. This vast expanse of bedrock possesses few limestone-type
materials and, consequently, has only a limited ability to neutralize acidic deposition. Consequently, lakes
and rivers in these areas generally show acidification effects, including decreasing pH levels and increasing
concentrations of sulphate and certain metals such as aluminum and manganese.
The map below shows the potential of soils and bedrock to reduce the acidity of acid rain. Red shaded areas,
almost half of Canada's area, are most sensitive to the effects of acid rain.
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Introduction
For thousands of years we have found it necessary to control water -- in order to have it where we want it,
when we want it. Nonetheless, some areas still suffer from drought, and some from flood. This is due partly
to the natural variability of climate and partly to inappropriate land and water use. Now climate seems to be
changing beyond that natural variability, and this is likely to impact on the availability and distribution of
water.
At the same time, other stresses on water are increasing. The amount of fresh water is limited, and the
easily accessible sources have been developed. Not only do more people than ever before have to share this
resource, but the world population is expected to double by 2050, if it continues to grow at the present rate.

A larger population will not only use more water but will discharge more wastewater. Water quality programs
are not fully developed even in the industrialized countries and are nonexistent in most developing countries,
where they are most needed. Furthermore, the costs for managing water supplies are increasing, as are the
demands on limited financial resources.
To sum up, we may now have to consider the effects on water of not only the natural variability of climate
and more population pressure but also what appears to be a change in climate that is brought about by
human activity.

What makes climate?
The climate of a place is the average over a number of years of the day-to-day variations in temperature,
precipitation, cloud cover, wind and other atmospheric conditions that normally occur there. Climate also
includes the variability of individual climate elements, such as temperature and precipitation, and the
frequency with which various weather conditions occur. In other words, climate is the combination of average
weather conditions and weather patterns over time for a particular location.
The climate of the earth is a balanced system of interconnected, interacting elements powered by incoming
energy from the sun. The main factors affecting climate can be distinguished as either internal or external
processes. The internal processes include the circulation of the air and currents of the ocean; the effects of
clouds and large masses of snow and ice; the influence of topography, surface soils and vegetation; the
impact of processes and activities within the biosphere; and regional, seasonal and daily difference in solar
heating. The external factors are solar energy output, atmospheric composition, land features, and ocean
characteristics.
Global scale climatic changes occur when the balance between the rate at which energy enters or leaves the
global climate system is upset by changes in one or more of its major elements. Possible primary causes for
such changes include variations in the aerosol and gaseous content of the atmosphere, changes in the
reflective properties of the earth's surface, and alterations in the intensity of sunlight reaching the earth's
surface. Complex reactions in other factors are likely as the system adjusts to establish a new balance of
input and output energy. Positive feedback refers to the reactions by climatic factors that increase the initial
change, such as additional surface warming due to reduced reflected radiation by less snow cover. Negative
feedback by other factors would oppose and partially offset change, such as storage by oceans of excess
atmospheric heat caused by increased greenhouse gas concentrations.
The change in climate expected within the next four or five decades is believed to be a result of mainly
human activities that are causing changes in atmospheric composition (increasing greenhouse gases and
aerosols) and changes in land features (reducing natural vegetation).
Source: Henry Hengeveld, March 1995, "Understanding Atmospheric Change", (A State of the Environment (SOE) Report No. 95-2),
Atmospheric Environment Service, Environment Canada (pp. 13-18).

The greenhouse effect
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The earth benefits from a certain natural heat-trapping system, the so-called greenhouse effect. The
atmosphere allows most solar radiation to come through to the earth's surface, which then heats up and
sends radiation back outward. Certain gases in the atmosphere absorb the outward radiation and re-radiate
much of it back to earth, keeping it warm, like a greenhouse. This raises the global average temperature to
about 15°C; without those gases, the average surface temperature would be about -18°C.
Now, however, human activity has affected the composition of the atmosphere by adding to the greenhouse
gases, particularly carbon dioxide. The increase in atmospheric carbon dioxide was first noticed in the
nineteenth century. However, regular and accurate measurements were first begun in Hawaii in the
International Geophysical Year of 1957-58.

According to studies of Antarctic ice cores, the concentration of carbon dioxide in the atmosphere remained
relatively constant for 10 000 years, until the mid-1800s, at approximately 280 parts per million (ppm).
Today that concentration is about 360 ppm and continues to rise.

Among the other greenhouse gases caused by human or anthropogenic activity are ozone, methane, nitrous
oxide, and chlorofluorocarbons (CFCs). These gases are found in lower concentrations than carbon dioxide,
but they may be more effective in trapping heat. CFCs are some of the most heat absorbant of the
greenhouse gases: one CFC molecule may have from 10 000 to 13 000 times the impact of a CO2 molecule.
However, these effects are at least partially offset by surface cooling due to depletion of ozone in the lower
stratosphere, which is also caused by these gases.

Scientists usually estimate that the doubling of pre-industrial levels of atmospheric CO2, expected by about
2080, would cause an average global warming of two or three degrees Celsius. If they add the effect of the
other greenhouse gases, increasing at their present rates, they expect an effective doubling by mid century.
Water vapour, a natural greenhouse gas and the most abundant one, will also increase with global warming,
as warmer temperatures would cause more evaporation and increase the atmosphere's ability to hold
moisture.

Global warming
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Although our own climate records cover only about 100 years, we can infer climatic conditions from the
pollens found in layers of mud and from the gas bubbles in ice cores bored through major ice sheets
(including an ice core from the Antarctic that gives a record going back well over 200 000 years). These ice
cores enable scientists to identify correlations between the composition of the atmosphere and regional
climatic conditions in the past. Recent and predicted increases in concentrations of greenhouse gases in the
atmosphere are expected to cause additional warming of average surface air temperatures.

These increases in greenhouse gas concentrations have been related to human activities such as the burning
of fossil fuels and the reduction of forests. Combustion changes the composition of the atmosphere by adding
carbon dioxide and other gases. The large-scale destruction of forests releases large amounts of carbon
stored in trees and forest soils.

These human-induced changes to the greenhouse effect of the earth's atmosphere are expected to result in
global warming and other changes in climate. Most scientists agree that the threat of climate change is
real: what is debatable is the extent of change and how it will vary from place to place.

The models used by climatologists generally agree that the temperature increase, as a global annual
average, might be from 1° to 4°C by the year 2100. They also agree that the effect would be greater in the
high latitudes, especially during the winter months and over large land masses. The warmer temperature
would trigger other changes, such as a change in global precipitation patterns, a decrease in snow and ice
coverage, and a rise in sea levels.
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Climate Change
How do scientists figure out how climate will change?
How can scientists predict the effects of long-term climate change, when predicting daily weather is still a
difficult task? Local variability is what makes weather forecasting seem imperfect: such site-specific and
detailed forecasts are not even attempted by climate change models.

There are two main means of predicting possible climate change: one involves working out analogues from
past climatic and hydrometric records; the other, much more commonly used, uses mathematical simulations
of climate (on computer programs) known as general circulation models or global climate models (GCMs).

More about analogues and GCMs

Analogues
Climatic analogues are developed by choosing warmer-than-average years from the historical record and
identifying what conditions were like, to get an idea of the likely effects of global warming. The limitation of
this method is that our relatively short period of climatic data does not represent conditions that may come
with future climate change, for example, unprecedented long-term increases in temperature, particularly in
wintertime.

Global Climate Models (GCMs)
The GCMs simulate atmospheric circulation, the energy exchanges, and other important
land/ocean/atmosphere interactions. However, they cannot model well other small-scale processes, such as
biological processes, precipitation and cloud cover. These processes have significant effects on the water
resource.
GCMs usually project climate over several decades to more than a century ("climate" being based on average
weather conditions over 10 years or more), but give only large-scale predictions, not the regional ones
needed for planning. This is because grid spacing in most GCMs is between 2 and 5 degrees of longitude or
latitude and it takes several grid distances to simulate a physical feature.
The predictions are complicated by difficulty in simulating the lags in the meteorological system, especially in
the oceans; the effects of low cloud versus high cloud, and amounts of each; and temporary effects due to
solar variability and airborne ash from volcanic eruptions, such as that of Mount Pinatubo.
Also difficult to predict are the results of the interactions of cloud cover, soil moisture, vegetation, and ice.
How any one of these factors might react to a warmer climate is difficult to predict; when reactions from
several such factors might interact, the uncertainty is magnified.
To improve predictions, we need computers with more computing capability. We also need more data on and
understanding of the processes affecting climate. These would help us to build more accurate models and to
validate model results against observed or measured processes.
To sum up, analogues and GCMs do not accurately predict actual future climate; but, they can give us some
basis for preparing for the future.

How might climate change?
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Overall, results from the GCMs suggest that:
The greatest increases in temperature will occur in the high latitudes, in winter, and over land;
The results concerning precipitation are less clear; changes are likely to vary according to the region;
Sea level is likely to rise, possibly by an average rate of about 5 cm per decade over the next
100 years, primarily due to the thermal expansion of water (steric expansion) and the melting of
glaciers. There may be significant regional variations caused by the rise and fall of land masses.
In addition, evidence suggests that extreme weather events (droughts, storms, floods, forest fires, ice
jams, etc.) will be more frequent and more severe. This will have, and indeed may already be having,
serious effects on Canadian ecosystems including economic and social impacts to which Canadians will
have to adapt.

While these pages focus on the nature and effects of long-term temperature trends as predicted by the
GCMs, the potential effects of increasing extreme events are more fully considered on the Climate Change
section of Environment Canada's Website.

How will these changes affect our water supply in general?
GCMs simulating a climate that is based on a doubling of CO2 suggest a global mean increase in precipitation
and evaporation of between 3 and 15 percent. Yet the more useful information, i.e., the location and timing
of these changes, is still uncertain.
There are general indications that:
the present mid-latitude rain belt would shift northward;
snowmelt and spring runoff would occur earlier than at present;
evapotranspiration would be greater, as it would start earlier and continue longer; and
the interior continental region in the northern hemisphere will, in general, experience
drier summers.

Canada and Climate Change
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How might these changes affect Canada?
Impacts of climate change are expected to be greater in some regions than in others; these have been
looked at in greater detail. At the same time, it must be noted that there is greater uncertainty for scenarios
at the regional scale than at the global one. Researchers, through the use of GCMs and other methods,
develop "scenarios" of possible future climates of a region. These scenarios are then applied to the
ecosystem or economic regions to determine how that region would be affected by climate change.
One such investigation is based upon an ecological framework that expresses regional climate through the
development of vegetation and soils.

Source: Rizzo, B and E. Wiken. Assessing the Sensitivity and Canada's Ecosystems to Climatic Change. 21(1), 1992: 43.

The underlying premise is that if all factors are held constant in sites that are affected by extremes, the
vegetation and soil development over time will reflect the influence of climate. Using the data generated by a
general circulation model for doubled atmospheric CO2 concentrations, (i.e., a possible future climate), a
scenario was generated illustrating how the location and quantity of existing ecosystems might change with
time.

Source: Rizzo, B and E. Wiken. Assessing the Sensitivity and Canada's Ecosystems to Climatic Change.21(1), 1992: 50.

As Canada is a large land mass in the northern mid to high latitudes, its interior is expected to experience a
larger than average increase in temperature and a decrease in summer soil moisture. The north would have
a greater increase in winter temperatures and more precipitation than now, particularly in winter.

Pacific coast
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A rise in sea level would threaten low-lying coastal lands, such as the Fraser River delta, with possible
increases in flooding and erosion. The increased precipitation considered likely in winter could promote
landslides and local flooding.
Warmer river temperatures could cause severe pre-spawning mortality in some fish that go up rivers to
spawn (anadromous), such as the Pacific salmon. However, warmer ocean temperatures could create
favourable conditions for species such as tuna, hake, and squid to migrate from the south.
West Coast forest ecosystems could become more stressed as a warmer climate allowed insect pests and
disease to migrate northward. Forests in the drier areas would become more vulnerable to fire.

Prairie provinces
The Prairies, the breadbasket of Canada, already suffer from periodic drought, especially in the south. With
higher temperatures and increased evapotranspiration, drought would probably become more frequent. An
increase in irrigation, if water was available, could bring more soluble salts to the surface, degrading the soil.

With a warmer climate, agriculture could move northward, into more humid (although still dry) areas. The
poor northern soils would be more likely to limit its northern expansion than climate. Conflict between
agricultural, industrial, or aboriginal interests could arise as a result of the spread of farming into new
territory.
The forests could also expand to the north, although more slowly, as trees take much longer to mature than
field crops. Some of the areas presently under forest may not be able to support trees, if the soil moisture,
already low, is reduced much more. Low soil moisture stresses trees, making them more susceptible to
pests, disease, and fire. It has been suggested that 170 million hectares of forest could be lost in the south
and only 70 million hectares gained in the north, as they would be limited by poor soil or rock.

Great Lakes - St. Lawrence basin
Over 42.5 million people live in the Great Lakes -- St. Lawrence basin. Over 29 million of them (including
8 million Canadians) depend on the lakes for drinking water. The quality of the water is already under stress
as the region is a major centre of North American manufacturing.
According to researchers, the average temperature in the Great Lakes basin could go up by about 4.5°C by
2055, with slightly larger increases in winter than in summer. Higher rates of evaporation and drier soils
would reduce runoff, and water levels in the Great Lakes could fall by an average of between 0.5 m and
1.0 m, according to typical scenarios. The St. Lawrence River outflow could be reduced by 20 percent.
Water is used intensively by industries such as primary metals, chemicals, food processing, and timber
products. Water is also important, particularly to the grain and metal producers, for shipping. However, the
biggest single user of Great Lakes water is the electric power industry. All of these industries would be
affected by a significant change in the quantity and quality of the water supply.
While lower water levels would decrease the flow available for the generation of hydroelectric power, a
warmer winter would also slightly lower the demand for electric power for heating. This might be counterbalanced by an increase in summer demand for power to run electric fans and air conditioners. Lower water
levels would reduce the amount of cargo that ships could carry per trip, but a shorter ice season (by 5 to
12 weeks) might provide for a longer shipping season, allowing more trips per year.
Agriculture is the largest industry in the region, and forestry is a major one in the northern parts of the
basin. Although the growing season would be longer, the reduction in soil moisture would be likely to
decrease crop yields over time unless adaptive measures are taken. Higher temperatures and drier soils
could also reduce the extent and health of forests of the basin, and the drying out of marshes would cut back
on wildlife habitat. Some of the present fish species could disappear from the lakes due to warmer
temperatures, while other species could migrate northward from southern parts of the region.

An unreliable "cold" season and a projected decrease in snowfall of from 20 to 80 percent, with the biggest
change to the north of the lower Lakes, would substantially reduce the ski season for southern Quebec and
virtually eliminate it in southern Ontario.
Water quality might also be affected in the following ways:
the dredging needed to offset lower water levels could re-suspend toxic chemicals;
higher water temperatures could decrease dissolved oxygen levels and increase the growth of algae
and bacteria;
less runoff and stream discharge would reduce the flushing out of bays and dilution of organic matter
and chemicals;
lower water levels could cause the disappearance of wetlands, which are valuable habitats; and
agricultural and urban expansion would continue to contaminate runoff with fertilizers and toxic
chemicals.
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The impacts of climate change on water quantity and quality might also increase external pressures on the
Great Lakes water supply. For instance, lower water levels in the Mississippi River system might create an
increased demand for diversion of Lake Michigan water. Infiltration of salt water into the New York City water
supply due to rising sea levels might result in a request for a diversion of Lake Ontario water.

Atlantic coast
A rise in sea level would threaten residential, transportation, and industrial facilities with flooding in low-lying
communities along the coast, such as Charlottetown. The threat to a given area would be lesser or greater
depending on whether the land itself was rising or subsiding. For instance, the Gaspé Peninsula is rising,
while that of Newfoundland is subsiding.
The rise in sea level would increase the incidence of flooding, especially during storms. The serious storm
surge and river flooding that may now affect Saint John, for instance, once in 100 years might in future occur
once in 20 years.
Salt water intrusion could contaminate groundwater aquifers (the main source of regional water supplies),
disturb sensitive estuary ecosystems, and displace freshwater fish populations. On the other hand,
freshwater fisheries and aquaculture could benefit from the longer season resulting from a higher average
annual temperature.
A rise in ocean temperature could affect the distribution and makeup of the fish population, limiting some
species, encouraging others.
While higher temperatures would reduce the extent of sea ice, some scientists think that greater snow
accumulation on Arctic ice caps and longer, warmer seasons at their edges might increase the calving of
icebergs. It is not clear what effects the warmer temperatures would have on ocean circulation, wave
patterns, and the frequency of tropical storms.

The North
A rise in sea level would also flood low-lying areas in northern Canada, such as the Mackenzie River delta,
erode shorelines, and change near-shore ecosystems. However, higher temperatures would lessen the extent
and duration of sea ice and facilitate shipping in the far north.
Inland, milder winters and longer summers would shorten the season for ice roads in many areas, reducing
access to remote communities and to stands of timber. Gradual melting of the southern permafrost would
change water drainage patterns and destabilize the land, affecting roads, pipelines, and buildings. The
season for barge transport on the rivers would lengthen.

A longer growing season would allow agriculture to expand northward from its present limits, where soils and
moisture permitted. The boreal forest would become more productive in the south, although its northward
expansion would be limited by poor soils and slowly thawing permafrost. Fire could become more of a threat,
as well.
An expected increase in precipitation, particularly in fall and winter, would result in a greater accumulation of
snow, although over a shorter season, and the possibility of extensive and earlier flooding in spring. The
higher precipitation could increase the net water supply in northern watersheds, expanding the potential for
hydroelectric power. For instance, that potential in northern Quebec could increase by 15 percent.

Mackenzie River Basin
Much of the Mackenzie Basin is underlain by permafrost. This is a particularly interesting part of Canada
when we talk about climate change and water supply.
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Geographically, it is large; it covers about one sixth of the area of the country. Its settlement pattern is
unusual in that the majority of its population and development is located in the upstream part of the basin.
Oil and gas and pulp and paper are the main industries. Because the aboriginal inhabitants downstream live
almost entirely off the land, a clean and regular water supply is particularly important to them, both for
drinking and for the animals they depend on. As well, the rivers are vital transportation links, as routes for
boat travel in summer and as ice roads in winter.
Canadian scientists are monitoring the current situation in the Mackenzie Basin to discover possible effects of
global warming on northern hydrology, including its impacts on permafrost. They are looking at possible
changes in runoff patterns, snow and ice cover, ice jam flooding, water quality, and water levels. Although it
is too early for predictions, they suspect that:
drainage patterns in low-lying areas might change due to the melting of frost sills, which direct or
impede water flow;
water levels in some areas might drop in late summer and autumn due to increased evapotranspiration
(with an impact on ecosystems in wetlands, small lakes, and deltas);
runoff in other areas might increase due to the loss of permafrost;
an increased sediment load might lead to erosion in some rivers;
higher temperatures might make some water bodies more productive; and
certain slopes might become unstable and vulnerable to landslides (due to permafrost thaw).

Wetlands
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Wetlands are permanently or temporarily submerged or permeated by water, and characterized by plants
adapted to saturated soil conditions. Wetlands include fresh and salt water marshes, wooded swamps, bogs,
seasonally flooded forest, sloughs -- any land area that can keep water long enough to let wetland plants and
soils develop.
They are the only ecosystem designated for conservation by international convention. They have been
recognized as particularly useful areas because:
they absorb the impact of hydrologic events such as large waves or floods;
they filter sediments and toxic substances;
they supply food and essential habitat for many species of fish, shellfish, shorebirds, waterfowl, and
furbearing mammals;
they also provide products for food (wild rice, cranberries, fish, wildfowl), energy (peat,wood,
charcoal), and building material (lumber); and
they are valuable recreational areas for activities such as hunting, fishing, and birdwatching;

As a frontier-type ecosystem, wetlands are particularly vulnerable to climatic variation and extreme events.
Many, especially coastal ones, are unstable to start with, and are easily or frequently changed by erosion,
flooding, or the invasion of salt water.
But water supply is the main concern. In arid and semi-arid areas, the occurrence of hotter, drier summers
and the increased use of water for irrigation could reduce the supply of water for wetlands, either directly or
indirectly (through the effect on the water table), or both. A lower volume of water would increase the
concentrations of the pollutants that tend to settle in wetlands (agricultural chemicals, naturally occurring
salts, atmospheric pollutants).
Small changes in temperature or water supply could have significant effects on wetland biota. A rise in
temperature could allow an undesirable plant species (purple loosestrife, for example) to expand northward.
High temperatures and low concentrations of oxygen favour the growth of the botulism bacterium. A change
in the seasonality of precipitation could harm plants or animals whose life cycles require certain amounts of
water at specific times of the year. Such a change could cause a decline in a plant on which waterfowl
depend.

In the past, wetlands were considered wasteland, and many of southern Canada's wetlands were drained or
filled in so that they could be farmed or built upon. Recently the value of wetlands has been recognized and
efforts have been made to protect these ecosystems. However, they are still disappearing under the pressure
of human activity, and now are threatened by air pollution and climate change as well.
Options to prevent further loss of wetlands include the following:
adding sediment to coastal wetlands to keep up with rising sea levels;
planting grasses to protect coastal sands from erosion;
building dikes or barrier islands;
controlling water levels artificially; and
developing a national policy of protection.

See also: Wetlands section

Permafrost
Permafrost is the term used to describe permanently frozen ground. It is said to underlie from one fifth to
one quarter of the world's land. As the melting caused by a warmer climate could release some of the large
amounts of methane now locked into the frozen soil, this might add substantially to the concentrations of
greenhouse gases in the atmosphere.
The surface layer above the permanently frozen ground can become very mobile during the melt season,
making an unstable base for construction. This layer is also vulnerable to melting when built on, driven over,
or even walked on. Such traces of human activity remain visible for many years in this delicate environment.
A warmer climate might increase the depth of the surface layer.
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Personal Action
What can we do?
Different people give different answers.
Some argue that since we cannot be sure how climate will react to changes in the atmosphere and the
biosphere, we cannot know the outcome of global warming. Why worry if it might not happen?

Others say that because we do not know how the water supply will be affected at the regional level, there's
no point in spending time and resources on what is only a possibility.
Experts have recommended two general strategies:
One has to do with preventing or limiting the cause of climate change, by cutting back on production of
greenhouse gases and planting more forests.
The other has to do with anticipating and adapting to change (as it comes), for instance, moving from
low-lying coasts or planting crops suited to a warmer, drier climate.

It would make sense to follow both of these strategies. Even a concerted effort to limit the greenhouse effect
will not entirely stop the changes in climate: there are time lags between greenhouse gas accumulation and
climate change, and between climate change and its impacts on natural resources. While this time lag makes
it all the more important to reduce greenhouse gas emissions immediately, it also means that we shall have
to adapt to some change in climate.

Adaptive measures include conservation and efficiency strategies that are beneficial even without climate
change. These include using less water, making regional water management more efficient, and instituting
realistic water pricing. They include reviewing levels of protection from hazards such as floods, droughts, and
forest fires. They also include conserving energy, using alternative energy sources and changing agricultural
practices: these would all help to limit future climate change.
We need to manage the water resource more effectively for other reasons – to accommodate to its natural
variation and to cope with the demands of a fast-growing population. More effective management would also
help us to be prepared for changes in the water supply induced by climate change. Further, a strategy for
conserving water quality and quantity, as well as reducing atmospheric pollution makes environmental sense,
regardless of the presence or absence of a specific climatic crisis.

Options for action
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Everywhere:
conserve water and energy; repair leaky systems; plan for strength and flexibility in new structures;
regulate land use to avoid building on areas vulnerable to flooding; establish water metering and
realistic pricing, include water-efficient technology in building codes.
In drylands:
choose appropriate crops; irrigate less wastefully; design new criteria for adjustable, retrofitable
storage structures; consider interbasin transfers and/or recharge of aquifers.
In flood-prone areas:
continue to improve forecasting and warning systems, and evacuation and relief plans; evaluate and
improve present flood-control structures; design new structures to handle more frequent and extreme
events.
On the coasts:
look at building barriers to erosion and salt-water invasion; consider desalinization technologies.
In navigable waterways:
dredge shallows; lighten barge loads; use other means of transport during dry times.

Date Modified: 2010-08-03

Main Menu

Main Menu

Explanatory Notes
This document is intended to serve as a general introduction and overview of Aquatic Ecology for
students participating in the Manitoba Envirothon. It covers a broad range of information about
water and how it interacts physically, chemically, and biologically with other components of ecosystems, including humans. It also contains information about how we humans use water and can
affect water quality and availability. Some aquatics topics are not covered in detail, or at all, in this
document, but are covered in greater detail in other documents provided in the Aquatic Ecology
resources section of the Manitoba Envirothon web site. We encourage students, particularly those
who are aquatics specialists, to study these other documents as well.
Users of this document may start at the beginning and read to the end, or they may use the hot links
provided [underlined blue text] to navigate within the document or jump to particular topics of interest.
By turning on Bookmarks in the Adobe PDF Reader software (select at left margin), one can click on
any of the major topics to access it directly. The (Main Menu (page 1) also lists the main contents
and permits one to jump directly to each topic listed.
The document was created in January, 2013, using information provided in a number of Environment
Canada web sites. This information was converted to PDF format and almalgamated into a single
document. Some minor editing removed subsections that contained information not particularly
relevant to the Manitoba Envirothon. Hot links were inserted to facilitate navigation within and among
the various topics covered in the document. At the end of each topic, a date is listed to indicate when
the information provided for that topic was last updated by Environment Canada.

