
Primary Environmental Indicators

Air quality

This section examines air quality trends in North America
and the United Kingdom for the six air pollutants that reg-
ulations target: sulphur dioxide (SO2), nitrogen oxides
(NOx), volatile organic compounds (VOCs), carbon monox-
ide (CO), total suspended particulates (TSPs), and lead
(Pb). The primary synthetic sources of these pollutants
are automobiles and industrial activity such as smelting,
mining, fossil fuel production, pulp and paper produc-
tion, chemical production, and manufacturing.

Air quality in Canada, Mexico, the United King-
dom, and the United States shows the clearest trend of
improvement among all environmental categories during
the last two decades. The continuing improvement in the
quality of the air in North America proves that reports
predicting there would be a sharp decline in air quality af-
ter the signing of the North America Free Trade Agree-
ment (NAFTA) were incorrect. For example, The Environ-
mental Implications of Trade Agreements, released by the
Ontario Ministry of Environment and Energy in 1993, pre-
dicted that pollutants such as sulphur dioxide would in-
crease by more than 4.5 percent annually in North Amer-
ica as a direct result of NAFTA. However, data from
Environment Canada, the United States, and the Organi-
sation for Economic Cooperation and Development
(OECD) show that sulphur dioxide levels in North America
are continuing to fall. 

Measuring Air Quality

Air quality can be measured in two ways: by considering
either ambient levels or emissions. Ambient levels are the
actual concentration of a pollutant in the air. They are
usually reported in parts per million (ppm), parts per bil-
lion (ppb), or micrograms per cubic metre (µg/m3). In
Mexico, ambient air quality is reported to the public using
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a national pollution index, Índice Metropolitano de la Cal-
idad del Aire (IMECA; Metropolitan Index of Air Quality).
Pollution levels exceeding 100 points on the IMECA scale
are considered a threat to human health (OECD 1998: 81). 

Ambient Air Quality
In order to evaluate ambient air quality in Canada, the
United States, and the United Kingdom, monitoring sta-
tions are maintained in most cities with populations
greater than 100,000 where air pollution can be a prob-
lem. In Canada, the Canadian National Air Pollution Sur-
veillance Network (NAPS) began a comprehensive
national program of tracking common air contaminants in
the mid-1970s. By 1995, the network consisted of 140
monitoring stations using over 400 instruments in 52 ur-
ban centres across the country (Environment Canada
1996b: h 8). In the United States, 4800 monitoring sites
report air-quality data for one or more of the six National
Ambient Air Quality System pollutants to the Aerometric
Information Retrieval System (USEPA 1996a). In the Unit-
ed Kingdom, there are 107 automatic monitoring sites or-
ganized in three networks: urban, rural, and hydrocarbon.
Data from the sites are processed by the National Environ-
mental Technology Centre (NETCEN), a private company
contracted by the department of the Environment (NET-
CEN 1998: 18).

In Mexico, monitoring of air quality began later
and is less comprehensive than it is in Canada, the United
States, or the United Kingdom. Although there was limit-
ed monitoring of air pollution as early as 1986, efforts to
create a comprehensive air-quality monitoring system in
Mexico did not begin until after the General Law of Eco-
logical Balance and Environmental Protection (LGEEPA)
was passed in 1988. The law prohibits emissions of pol-
lutants that might cause ecological damage and provides
guidelines for ambient air quality and emission limits for
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fixed and mobile sources of pollution. Although it does
not designate national objectives for air management, it
does provide for the setting of state and local quantitative
environmental goals or targets (OECD 1998: 85). Al-
though no national ambient time-series data are available
for Mexico, such data from 1988 are available for Mexico
City. There are also data available from the early 1990s for
Guadalajara and Monterrey.

Monitoring of air quality in Mexico has recently
been expanded. As of early 1997, networks measuring
trends for SO2, NOx, CO, ozone, PM-10, VOCs and lead
were operating in Mexico City, Guadalajara, Monterey,
Ciudad Juarez, Tijuana, Queretaro, Mexicali, Tula, Aguas-
calientes, Minatitlan, and Toluca. As well, about 20 other
cities have installed measuring equipment that is not yet
operational (OECD 1998: 80–1). 

Emissions
In addition to records of ambient air quality, Canada, the
United States, and the United Kingdom also record emis-
sion statistics. Mexico only recently began recording
emission estimates and has no reliable, comprehensive
emission data (OECD 1998: 88). Although emission statis-
tics provide some useful information regarding air quality
trends, they are less reliable indicators than ambient con-
centrations because they are estimates generated by mod-
els rather than actual measures. In addition, frequent
revisions in the calculation methods used to estimate
emissions make comparisons between years less mean-
ingful than comparisons of annual ambient levels. 

The models used to generate emission estimates
are based on many factors, including the level of industri-
al activity, changes in technology, fuel consumption rates,
vehicle miles travelled (VMT), and other activities that
cause air pollution.1 These models estimate the pollution
that human activities generate; they do not include re-
leases of the pollutant from natural sources. Emissions
are usually reported in kilograms or tonnes. 

The data show that there is not a simple or predict-
able correlation between emissions caused by human ac-
tivities and ambient air quality. For instance, the United
States has about 10 times the population, industry, and
pollution emissions of Canada and yet does not always
have higher ambient pollution levels, because natural
sources and meteorological factors such as temperature,
sunlight, air pressure, humidity, wind, rain, and topogra-
phy affect ambient air quality. Hot summers, for example,
cause higher ozone levels. The EPA is currently developing
models that will adjust for such meteorological conditions.
In this section
Each pollutant in this section is described and then com-
pared to Canada’s National Air Quality Objectives for the
protection of human health and the environment.2 Cana-
da’s standards are used because they include a broad
range of environmental effects and are comparable to the
requirements in the United States and other parts of the
industrialized world (Environment Canada 1990b: 26).
When pollution levels are within the range from “good” to
“fair,” there is adequate protection for the most sensitive
persons and parts of the environment (Environment Can-
ada 1991c: 26). The objectives established by the World
Health Organisation (WHO) are cited in the endnotes for
comparison. Mexico’s IMECA standards for health, which
are more lenient than Canadian objectives, are included
with Canadian standards when referring to Mexican data. 

Sulphur dioxide

Sulphur dioxide (SO2) is a colourless gas that in sufficient
concentrations has a pungent odour. The largest contribu-
tors to emissions of SO2 are industrial and manufacturing
processes, particularly the generation of electrical power.
Environmental factors such as thermal inversion, wind
speed, and wind concentration affect measured levels.

SO2 is a precursor to acid rain.3 Acid rain in large
enough concentrations can cause the acidification of
lakes and streams, accelerate the corrosion of buildings
and monuments, and impair visibility. It was originally
thought to damage forests and crops as well as endanger
wildlife and human health. After ten years of study, how-
ever, the United States National Acid Precipitation Assess-
ment Program (NAPAP) concluded that acid rain has had
no significant effects on wildlife, forests, crops, or human
health (Bast, Hill and Rue 1994: 74–81). In fact, there have
been cases in which acid rain has had a positive effect on
soil and lakes as it can enhance vital nutrients and reduce
pH levels where alkalinity is a problem.

Table 1 shows some of the effects of SO2 on the en-
vironment and on human health at different levels of con-
centration. Figure 1 shows that the ambient level of SO2

decreased by 60.7 percent in the United States between
1974 and 1995 and 61.5 percent in Canada between 1975
and 1994. In the United Kingdom, SO2 levels declined by
92 percent between 1976 and 1996. The United States
has met annual “good” objectives since 1981; Canada has
met annual “good” objectives since 1978;4 the United
Kingdom has met annual “good” objectives since 1992. 
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Figure 1a: Sulphur Dioxide (ambient levels) in the United States and Canada
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Sources: Website of the United Kingdom’s Department of Environment, Transportation and Regions 
(UKDETR). Data calculated as a mean of UKDETR sites. SO2 measured at Central London, Cromwell 
Road, and Glasgow Hope Street only.
Figure 1b: Sulphur Dioxide (ambient levels) in the United Kingdom
Sources: Environment Canada 1996c; US Environmental Protection Agency (USEPA) 1996a.
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Table 1: Sulphur Dioxide (Ambient Levels)

Good Fair Poor Very poor

Annual objectives 0–.011 ppm .011–.023 ppm >.023 ppm NA

24-hour objectives 0–.057 ppm .057–.115 ppm .115–.306 ppm >.306

1-hour objectives 0–.172 ppm .172–.344 ppm >.344 ppm NA

Effects on human 
health and the 
environment

• no effects • increasing damage to 
sensitive species of 
vegetation

• odorous, increasing 
vegetation damage 
and sensitivity

• increasing sensitivity 
of patients with asth-
ma and bronchitis

Source: Environment Canada 1991c: (2)11. World Health Organization (WHO) guidelines (as reported in US EPA
1995c: 7–4): Annual: .015–.023 ppm; 24hr: .038–.058 ppm, 1hr: .130 ppm; 10 min: .190 ppm. 
Figure 2 shows ambient concentrations of SO2 in
three Mexican cities. In Mexico City, SO2 levels fell 50 per-
cent between 1988, when measurements were first record-
ed, and 1996. In Guadalajara, SO2 levels fell 30 percent
between 1994 and 1996. In Monterrey, SO2 levels in-
creased 18 percent between 1993 and 1996. While all three
cities currently meet the Mexico’s IMECA standard as well
as Canada’s 24 hour “good” health standard, none of the
cities meet Canada’s annual “good” health standard, which
allows less than one-tenth the IMECA level of pollution.

In the case of emissions, figure 3 shows that levels
in the United States fell 41.2 percent between 1970 and
1995; Canadian emissions fell 60 percent between 1970
and 1994; emissions in the United Kingdom fell 68 per-
cent between 1970 and 1996. The largest factor contrib-
uting to the decline in emissions has been the increased
use of control devices by industry. Improvements in the
processes used, smelter closures, acid-plant adoption,
the use of low-sulphur coal, the adoption of coal blending
and washing procedures, and the conversion to cleaner
fuels (e.g., natural gas and light oil) have also contributed
to the decline (USEPA 1996a: 29). Federal environmental
policy that mandates the use of scrubbers rather than per-
mitting power generators to switch to low-sulphur coal
may have impeded more dramatic emission improve-
ments in the United States.5 In the United Kingdom, the
European Community’s ban on the burning of natural gas
kept sulphur dioxide emissions higher than necessary un-
til the ban was lifted in 1990.

In spite of this record of reducing emissions and
meeting the strictest health standards, in 1991 Canada
signed the Canada/United States Air Quality Agreement
for the reduction of SO2 and NOx emissions. Canada’s ob-
ligations under this agreement include the establishment
of a permanent national limit on SO2 of 3.2 million
tonnes by the year 2000 (USEPA 1995d: ES-1). In the Unit-
ed Kingdom emission reduction goals are 50 percent by
the year 2000, 70 percent by 2005 and 80 percent by
2010 from a 1980 baseline. As of 1996 the United King-
dom was ahead of schedule in meeting these targets.
(United Kingdom, Dep’t of Environment, Transportation
and Regions [UKDETR] 1998a: 23).6

These reductions, warranted or not, may be
achieved more cost effectively with methods other than
increased regulation. For example, the 1990 United
States Clean Air Act has allowed the introduction of trade-
able emissions permits. The Chicago Board of Trade now
trades sulphur-dioxide pollution credits on the open mar-
ket. Environmental groups can now further reduce emis-
sions levels by purchasing these credits and retiring
them.7 Mexico is also experimenting with pollution cred-
its for SOx and NOx under the “Mexican Pollutant Release
and Transfer Register.”

Nitrogen oxides

Nitrogen and oxygen combine naturally through light-
ning, volcanic activity, bacterial action in soil, and forest
fires to form a variety of compounds referred to as nitro-
gen oxides (NOx). The combustion of fossil fuels by auto-
mobiles, power plants, industry, and household activities
also contribute to NOx emissions. A reddish-brown gas
called nitrogen dioxide (NO2), a member of the NOx fami-
ly, is regularly tracked by environmental agencies since it
combines with volatile organic compounds (VOCs) in the
presence of sunlight to form ground-level ozone, which
contributes to the formation of urban smog.

Table 2 lists the effects of the subgroup NO2 upon
the environment and health. The ambient level of NO2

shows a 37.3 percent decrease in the United States be-
tween 1975 and 1995, a 41.9 percent decrease in Canada
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Figure 2: Sulphur Dioxide (ambient levels) in Mexico
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Note: The Mexican Health Standard of 100 on the Índice Metropolitano de la Calidad del Aire (IMECA; 
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Figure 3: Sulphur Dioxide (emissions estimates) in Canada, the United Kingdom 
and the United States
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between 1977 and 1994, and a 37.8 percent decrease in
the United Kingdom between 1977 and 1996 (figure 4).
Canada and the United States have met annual “good” ob-
jectives since monitoring began in 1975 and 1977, re-
spectively.8 In the United Kingdom, annual “good”
objectives have been met since 1986. 

In Mexico City, concentrations of NO2 have in-
creased 25 percent between 1988 and 1996. In Guadala-
jara NO2 levels increased by 11 percent between 1994 and
1996. In Monterrey, NO2 levels declined about 4 percent
between 1993 and 1996 (figure 5). All three cities have
met Mexico’s IMECA standard since monitoring began in
1988. None of the cities meet the Canadian annual
“good” standard.

Emissions data for NO2 are unavailable. American
emissions in the broader NOx category, however, show an
increase of 5.6 percent from 1970 to 1995; Canadian
emissions increased 50 percent from 1970 to 1994; Brit-
ish emissions declined 3.4 percent from 1970 to 1995 (fig-
ure 6). The increases in the emission of NOx in Canada are
puzzling in light of the reduction in ambient NO2; the es-
timates may be inaccurate or the increase in other nitro-
gen oxide emissions may have exceeded the reduction in
nitrogen-dioxide emissions. 

Table 2: Nitrogen Dioxide (Ambient Levels)

Good Fair

Annual objectives 0–.032 ppm .032–.053 ppm

24-hour objectives NA 0–.106 ppm

 1-hour objectives NA 0–.213 ppm

Effects on human 
health and the envi-
ronment

• no effects • odorous

Source: Environment Canada 1991c: (2)11. WHO guidelin

Table 3: Ozone (Ambient Levels)

Objectives Good Fair

Annual objectives NA 0–.015 ppm

1–hour objectives  0–.050 ppm .050–.082 ppm

Effects on human 
health and the 
environment

• no effects • increasing injury
some species o
vegetation

Source: Environment Canada 1991c: (2)11. WHO guidelin
Volatile Organic Compounds (VOCs)

Volatile organic compounds (VOCs) are a subgroup of hy-
drocarbons (HCs); they enter the atmosphere through
evaporation of automotive fuel (from the fuel tanks of au-
tomobiles), paints, coatings, solvents, and consumer
products, such as lighter fluid and perfume. VOCs also
occur naturally as a result of photosynthesis. They are
important because under the right conditions they com-
bine with NO2 to form ground-level ozone, which con-
tributes to urban smog. Regulators target emissions of
VOCs to combat the secondary pollutant, ozone. The am-
bient level of ozone and the emission levels for VOCs and
hydrocarbons are presented in this section. Table 3
shows the effects of ozone on human health and the
environment.

The level of ambient ozone decreased 25.7 per-
cent in the United States between 1976 and 1995 but in-
creased 31.3 percent in Canada between 1979 and 1994
(figure 7). Although ozone levels in Canada have in-
creased, Canada is still much better off than the United
States as American ozone levels have consistently been
much higher than those in Canada. However, the current
level in Canada still exceeds annual “fair” objectives.9

Poor Very poor

>.053 ppm NA

.106–.160 ppm >.160 ppm

.213–.532 ppm >.532 ppm

• odour and atmospher-
ic discoloration; in-
creasing reactivity in 
asthmatics

• increasing sensitivity 
of patients with asth-
ma and bronchitis

es: 24hr: .080 ppm, 1hr: .210 ppm.

Poor Very poor

>.015 ppm NA

.082–.150 ppm >.150 ppm

 to 
f 

• decreasing perfor-
mance by some ath-
letes exercising heavily

• light exercise produces 
effect in some patients 
with chronic pulmo-
nary disease

es: 8hr: .050–.060 ppm, 1hr: .050–.100 ppm. 
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Figure 4: Nitrogen Dioxide (ambient levels) in Canada, the United Kingdom 
and the United States
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Sources: Environment Canada 1996c; USEPA 1995c, 1996a; UKDETR 1998a.
Notes: In 1986, the US EPA increased its monitoring sites from 48 to 216. UK figures before 1987 are 
an average of three sites (central London, Cromwell Road, and Stevenage) only.
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Figure 5: Nitrogen Dioxide (ambient levels) in Mexico
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Source: Mexico, Ministry of the Environment, Natural Resources and Fisheries, 1997.
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Figure 6: Nitrogen Dioxide (emissions estimates) in Canada, the United Kingdom 
and the United States
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Figure 7: Ozone (ambient levels) in Canada, the United Kingdom and the United States
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The ozone levels in the United States may be due to a
difference in naturally occurring VOC emissions but may
also be due to differences in data collection: since ozone
does not form in cold weather, Canadian data is collect-
ed from May to September while American data is com-
piled the year round. In addition, ozone concentrations
vary considerably with meteorological factors such as
temperature, wind speed, cloudiness, and precipitation,
and physical factors such as terrestrial relief. In the Unit-
ed Kingdom, ozone levels declined 14 percent between
1977 and 1996. Most of the observed decreases in
ozone levels are the result of cuts in VOC emissions from
industries and other combustion sources as well as from
automobiles.

Mexico measures ambient ozone levels in three
cities. In Mexico City ozone levels increased slightly be-
tween 1988 and 1996; ozone levels in Toluca increased
43 percent between 1994 and 1996; Monterrey’s ozone
levels declined 9 percent between 1993 and 1996. Mex-
ico City and Toluca exceed Mexico’s IMECA one hour
standard of .11 ppm. Monterrey meets Mexico’s stan-
dard (figure 8). 

Ambient ozone levels do not directly or predictably
reflect emissions. A 1991 National Academy of Sciences
report, Rethinking the Ozone Problem in Urban and Re-
gional Air Pollution, concludes that current ozone reduc-
tion strategies may be misguided, partly because they do
not account for naturally occurring VOCs. In the United
States, VOC emissions declined 9.5 percent from 1980 to
1995; Canadian VOC emissions increased 28.7 percent be-
tween 1980 and 1994; in the United Kingdom, VOC emis-
sions decreased 3.3 percent between 1980 and 1995
(figure 9). VOC emissions have decreased primarily
through reformulation of petroleum-based products (es-
pecially paints and industrial coatings) and containment
and storage procedures that reduce evaporation.

Table 4: Carbon Monoxide (Ambient Levels)

Good Fair

8-hour objectives 0–5 ppm 5–13 ppm

1–hour objectives 0–13 ppm 13–31 ppm

Effects on human 
health and the 
environment

• no effects • no detectable impair
ment but blood chem
istry is changing

 Source: Environment Canada 1991c: (2)11. WHO guideli
Carbon monoxide

When fuel and other substances containing carbon burn
without sufficient oxygen, carbon monoxide (CO), a co-
lourless, odourless gas, is produced. Trace amounts of CO
occur naturally in the atmosphere but most emissions
come from automobiles. Table 4 shows the effects of CO
upon human health and upon the environment. CO reduc-
es the capacity of red blood cells to carry oxygen to body
tissues. Since CO poisoning occurs as a result of short-
term exposure, health guidelines do not include annual
recommendations for ambient CO levels. 

Ambient levels of CO have improved significantly
in all the countries examined. In the United States, annual
ambient CO concentrations in 1995 were 63.7 percent
lower than in 1975; Canadian levels declined 73.3 percent
between 1974 and 1994; in the United Kingdom, ambient
CO declined 86 percent between 1976 and 1996.10 The
United Kingdom and Canada have been in the “good”
range since monitoring began. The United States has met
“good” standards since 1993 (figure 10). In Mexico City,
CO levels decreased 3.2 percent between 1988 and 1996.
Guadalajara experienced a 9.8 percent decrease in CO be-
tween 1994 and 1996 and, in Monterrey, CO levels fell 16
percent between 1993 and 1996. All three Mexican cities
are the “good” to “fair” range according to Canadian Stan-
dards. (figure 11).

Carbon monoxide emissions declined 33 percent
in the United States between 1970 and 1995. There was
a 13 percent decline in Canadian CO emissions between
1970 and 1994 (figure 12). In the United Kingdom, there
was a 28 percent decrease in emissions between 1970
and 1995. These reductions can be attributed to cleaner
automobiles (catalytic converters oxidize CO into non-
poisonous CO2) and more fuel-efficient industrial pro-
cesses, and in some countries fuel duties kept down

Poor Very poor

13–17 ppm >17 ppm

>31 ppm NA

-
-

• increasing cardiovascu-
lar symptoms in smok-
ers with heart disease

• increasing cardiovascular 
symptoms in non-smok-
ers with heart disease, 
some visual and coordina-
tion impairment

nes: 8hr: 9 ppm; 1hr: 26 ppm. 
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Figure 8: Ozone (ambient levels) in Mexico
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Figure 9: Volatile Organic Compounds (emissions estimates) in Canada, the United Kingdom 
and the United States
19.0

20.0

21.0

22.0

23.0

24.0

2.0

2.5

3.0

3.5

4.0

4.5

M
ill

io
ns

 o
f 

T
on

ne
s 

(U
ni

te
d 

S
ta

te
s)

M
ill

io
ns

 o
f 

T
on

ne
s 

(C
an

ad
a,

 U
ni

te
d 

K
in

gd
om

)

United States Canada United Kingdom
1980 1982 1984 1986 1988 1990 1992 1994

Sources: OECD 1997; United Kingdom, Department of the Environment (UKDE) 1994.
Note: No data for Canada or the United States, 1981–1984.



The Fraser Institute Environmental Indicators 17
Figure 10: Carbon Monoxide (ambient levels) in Canada, the United Kingdom 
and the United States
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Figure 11: Carbon Monoxide (ambient levels) in Mexico
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consumption. To meet strict motor-vehicle regulations
adopted in the early 1970s, exhaust-gas recycling sys-
tems (EGRS) were installed and some older vehicles were
retired. This has led to vastly reduced emissions per vehi-
cle. For example, North American cars built in 1993 emit-
ted 90 percent less NOx, 97 percent less hydrocarbon,
and 96 percent less CO than cars built two decades earli-
er (Bast, Hill, and Rue 1994: 111). These reductions in
emissions are expected to continue as older cars contin-
ue to be retired. The most cost-efficient way to continue
reducing emissions may be to target poorly tuned, pollut-
ing vehicles for repair or replacement.11

Total suspended particulates 
and PM–10s

Suspended particulates are small pieces of dust, soot,
dirt, ash, smoke, liquid vapour, or other matter in the at-
mosphere. Sources may include forest fires and volcanic
ash as well as emissions from power plants, motor vehi-
cles, and waste incineration, and dust from mining. The
smallest particulates pose the greatest threat to human
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and the United States

Sources: USEPA 1995b; Environment Canada 1986
Note: Data available only for points shown on the g
methodology in 1985 and 1990.
health because they are able to reach the tiniest passages
of the lungs. As a result, in 1987 the United States Envi-
ronmental Protection Agency changed its regulatory fo-
cus from total suspended particulates (TSPs) to
suspended particulates that are 10 micrometers or small-
er (PM-10s) (USEPA 1995c: 2–16). Canada, Mexico, and the
United Kingdom continue to measure TSPs. These regula-
tory differences make direct comparison of current par-
ticulate emissions difficult.

Table 5 gives details of the effects of particulates
upon health and the environment. Particulates are an irri-
tant to lung tissue and may aggravate existing respiratory
problems and cardiovascular diseases. Once lodged in the
lungs, certain particulates may contribute to the develop-
ment of lung cancer. Data from 1980 to 1993 show, in
Canada, a 46.2 percent reduction in the ambient levels of
total suspended particulates (TSPs). In the United King-
dom, TSP levels fell 48 percent between 1980 and 1994.
A 22 percent reduction in ambient PM-10 levels has been
observed between 1988 and 1995 in the United States
(figure 13). Since 1982, all three countries have achieved
a rating in the “good” range. In Mexico City, TSP levels fell
1 percent between 1988 and 1996; in Guadalajara, TSP
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levels fell 17 percent between 1994 and 1996; and in
Monterrey, TSP levels fell 11.6 percent between 1993 and
1996 (figure 14). All three cities exceed Canadian 24-hour
“fair” standards and are in the “poor” range.

PM-10 emissions in the United States fell 51.9 per-
cent from 1980 to 1995 (figure 15). In Canada, TSP emis-
sions levels declined 13.5 percent from 1980 to 1994. The
United Kingdom saw a 31.6 percent decrease in PM-10
emission between 1980 and 1995. The switch from coal
to fuels such as oil and natural gas that burn more cleanly
and more frequent street cleaning are responsible for
most of the reductions in emission levels.

Table 5: Suspended Particulates (Ambient Levels)

Good Fair

Annual objectives 0–60 µg/m3 60–70 µg/m3

24-hour objectives NA 0–120 µg/m3

Effects on human 
health and the 
environment
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or smaller; EPA no longer measures TSPs, but rathe
Lead

Lead is a soft, dense, bluish-gray metal. Its high density,
softness, low melting point, and resistance to corrosion
make it of value in the production of piping, batteries,
weights, gunshot, and crystal. Until recently, automobiles
were the source of most lead emissions although small
quantities of lead are naturally present in the environ-
ment. Lead is the most toxic of the main air pollutants.
When it is ingested, it accumulates in the body’s tissues.
In high concentrations it can cause damage to the ner-
vous system, seizures, behavioural disorders, and brain

Poor Very poor

>70 µg/m3 NA

 120–400 µg/m3  >400 µg/m3

ty • visibility decreased, soil-
ing through deposition

• increasing sensitivity 
of patients with asth-
ma and bronchitis

es: Total Particulates, Annual: 60–90 µg/m3; 24hr: 150–
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e >60ug/m3) PM-10 (US) TSP (UK)

vels) in Canada, the United Kingdom 
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Figure 14: Suspended Particulates (ambient levels) in Mexico
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damage. In addition, recent evidence suggests that expo-
sure to lead may be associated with hypertension and
heart disease (USEPA 1995c: 2–6). Since lead is the most
toxic of the main air pollutants, environmental and health
guidelines for lead are stricter than for other air pollut-
ants. Canada and the United States are committed to re-
ducing levels as low as technologically feasible, although
no explicit objectives have been set. The WHO maximum
for the protection of human health is shown in figure 16.

The decline in lead emissions and ambient lead
concentration is the greatest success story in the efforts
to reduce air pollution. Ambient lead concentration fell
97.2 percent in the United States between 1976 and
1995, 90.6 percent in the United Kingdom between 1980
and 1995, and 97 percent in Canada between 1974 and
1994 (figure 16). Mexico’s ambient lead concentration fell
82.5 percent between 1990 and 1995. All four countries
meet WHO health guidelines. 

Lead emissions in the United States fell 97.7 per-
cent between 1970 and 1995. In the United Kingdom,
lead emissions declined by 75.6 percent between 1970 to
1994. In Canada, emissions fell 73.9 percent from 1978 to
1995, and automobile emissions fell 87.8 percent from
1973 to 1988 (figure 17). Most of this dramatic reduction
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Sources: Environment Canada 1996a; USEPA 1995
Note: There are no Environment Canada guidelines f
was due to the introduction of unleaded gasoline and the
elimination of lead compounds in paints and coatings.
For example, in Mexico unleaded gasoline was intro-
duced in 1990 and the lead content of leaded gasoline
was reduced in 1993 (OECD 1998: 90-91).12 Reductions in
Mexico’s lead emissions will continue as older cars con-
tinue to be retired and when leaded gasoline is banned in
Mexico City in the year 2000.

Air quality in selected cities: number 
of days exceeding the ozone standard

Sulphur, nitrogen, carbon, and fine particulate matter, as
well as ground-level ozone, contribute to the formation
of urban smog. Since ozone measures are relatively con-
stant over large areas, it is often used as an indicator of
overall urban air quality (USEPA 1995c: 6–1).

Ozone problems occur most often on warm, clear,
windless afternoons. Figures 18 through 21 show that the
number of days when ozone objectives were exceeded in
different cities in the same geographical region tended to
peak and decline in the same years. This strongly sug-
gests meteorological influences. When analyzing this

4 1986 1988 1990 1992 1994

eline (maximum) Mexico United Kingdom

e United Kingdom and the United States

c, 1996a; OECD 1997.
or lead. See text for explanation.
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measure, it is important to understand that when a single
monitoring station registers one one-hour episode above
the hourly standard, this is considered a day above the
ozone standard. It does not mean, however, that the stan-
dard was exceeded for the entire 24-hour period.

In many Canadian and American cities, days when
ozone objectives are exceeded have become infrequent,
although in some areas, especially Los Angeles, smog re-
mains a problem. Even in Los Angeles, ozone levels are im-
proving (figure 18): between 1985 and 1995, the number
of days exceeding the ozone standard fell 50 percent. New
York also saw a major reduction during the same period
when exceedances fell 65 percent between 1985 and 1995.

In Canadian cities, the number of days when ozone
standards are exceeded have not matched the worst
American cases. This is largely due to Canada’s colder cli-
mate. Ozone pollution is recorded almost exclusively in
the summer months from May to September. Data show
that ozone levels in Toronto and Montreal are low but
variable; Calgary’s levels are consistently low, and Van-
couver’s ozone levels are low and show a decreasing
trend. Vancouver did not exceed the ozone standard at all
in 1993 (figure 19).13 The data show that the number of
days when ozone levels are exceeded in Canadian cities is
not increasing despite the overall growth in ambient
ozone concentrations in Canada. While the major urban
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centres demonstrate relatively few ozone episodes,
southwestern rural Ontario records the highest number
of days exceeding the ozone standard.14

Cities in the United Kingdom have variable ozone
exceedences. In 1996, the most recent year for which
data are available, London had 7 days above the standard,
Cardiff had 19 days above the standard, Birmingham had
15 days above the standard, Belfast had 6 days above the
standard, and Edinburgh had 3 days above the standard
(figure 20). It must be noted, however, that the standard
of .050 ppm is stricter than the United States standard
(.12 ppm) or the Canadian standard (.082 ppm). 

Cities in Mexico have shown moderate to extreme
cases of overly high ozone levels (figure 21). In Mexico
City, almost nine days out of every ten show ozone levels
above the acceptable standard. There are three contribut-
ing factors. First, Mexico City is 2,200 meters above sea
level and the higher above sea level, the faster petro-
chemicals react to produce ozone. Second, because there
is little wind to blow pollution away, it lingers over the
city rather than being dispersed over a large area. Finally,
Mexico has long hours of sun light and this helps to trap
smog. Smaller cities such as Toluca still exceed standards
on average about one out of every four days, an improve-
ment over 1994 when they exceeded standards just over
50 percent of all days. 
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Water quality
Assessing water quality

Water quality is among those environmental problems
most difficult to assess on a nation-wide basis. The data
used in this section do not represent complete informa-
tion about ambient water quality due to the lack of avail-
able data and the magnitude and complexity of
measuring water quality. For example, American esti-
mates indicate that taxpayers and the private sector have
spent over US$500 billion controlling water pollution
since the enactment of the Federal Water Pollution Con-
trol Act (1972). Despite this expenditure, there is still no
adequate national database of water quality to evaluate
the results of such efforts.

The effects of both natural and manufactured con-
taminants upon water quality vary with water conditions
(source, velocity, volume, depth, pH level), photosynthet-
ic activity, and variations within a day as well as from sea-
son to season. In addition, inconsistencies in data
collection are apt to occur due to overlapping jurisdic-
tions and budget considerations.

There appears to be an unfortunate trend occur-
ring in this age of fiscal restraint. Those in the field of data
collection and analysis have begun to feel a constant pres-
sure to produce results that justify the budgetary expense
of their department. This, coupled with dwindling re-
sources, has resulted in a concentration upon crisis man-
agement and site-specific studies are, thus, often given
priority over systematic and consistent monitoring. Data
analysis becomes very difficult without a solid database
from monitoring stations. One technician articulates
clearly the problem that occurs when scientific research is
strangled by bureaucracy: “If you are not monitoring, you
are not managing.”

Currently, there are attempts in both Canada and
the United States to start national indexes of water qual-
ity; some regional representatives, however, are resisting
the setting of national standards by a central planning
committee. Due to the enormous geographic size of both
countries, water quality cannot be quantified effectively
with one or two general measures because there are dif-
ferent parameters for different regions. For example, in
Canada the Canadian Council of Ministers of the Environ-
ment (CCME) has decided that a Water Quality Index
should be constructed by technical subgroups, one from
each province and one from the federal government. In
discussion, the CCME established general parameters for
developing a national index of water quality in Canada.

Water pollutants

There are two sources of water pollution: point and non-
point sources.15 Point sources refer to industrial dis-
charge pipes and municipal sewer outlets that discharge
pollutants directly into the aquatic ecosystem. Non-point
sources refer to indirect sources of pollution such as run-
off from agriculture, forestry, urban and industrial activi-
ties, as well as landfill leachates, and airborne matter. Wa-
ter quality also varies due to natural causes: some bodies
of water are of poor quality due to inherent chemical,
physical, and biological characteristics. Water pollution
from human activities includes nutrients, heavy metals,
persistent pesticides, and other toxins.

Nutrients like phosphorus and nitrogen can cause
significant degradation of water quality by accelerating
eutrophication,16 which depletes levels of dissolved oxy-
gen. Phosphorus and nitrogen are found in fertilizers and
livestock manure (Environment Canada 1991c: [9] 26).
Government regulation stipulates a reduction of the
amount of phosphate in detergents in an effort to im-
prove water quality. Lower phosphate levels in lakes and
streams, however, do not always result in higher levels of
dissolved oxygen and improved water quality as plants
continually recycle phosphorus from sediments.

Heavy metals occur in water from the weathering
of rocks. They also reach the water system directly from
industrial and mining activity. The most severe cases of
metal contamination are caused by abandoned mines.
Non-point sources such as urban storm-water and agricul-
tural run-off also contribute to metal contamination. High
concentrations of heavy metals can affect the quality of
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drinking water and harm aquatic life as the metals accu-
mulate in organs and tissues (bioaccumulation).17

Pesticides and toxics like polychlorinated synthetic
compounds (DDT and PCBs) can also accumulate in bio-
logical organisms. The effects of these compounds on an-
imals such as birds include growth retardation, reduced
reproductive capacity, diminished resistance to disease,
and birth deformities.

Water treatment

Industrial and municipal sewage is usually treated before
being released into rivers, lakes, streams, or oceans. Pri-
mary waste-water treatment removes solid waste me-
chanically; secondary treatment employs biological
processes to break down dissolved organic material; ter-
tiary treatment removes additional contaminants, includ-
ing heavy metals and dissolved solids.

Since 1992, “all sewage generated in the United
States [has been] treated before discharge” (Easterbrook
1995: 682). Waste-water treatment has reduced the re-
lease of organic wastes by 46 percent, of toxic organics by
99 percent, and of toxic metals by 98 percent. Although
some individual firms and facilities exceed regulated dis-
charge levels, most serious point-source discharges have
been eliminated. Non-point sources, however, continue
to be a problem. The EPA notes that non-point sources
“are clearly the leading reason for impediment in surface
waters” (USEPA 1993: 18). Efforts to reduce non-point
sources increased in 1987 when amendments were made
to the Clean Water Act. These amendments encourage
states to develop plans to reduce pollution from non-
point sources.

In the United Kingdom about 87 percent of waste
is treated before being released into waterways. Between
1987 and 1997 (UKDETR 1998a: 10), the percent of waste-
water emission complying with government water-quali-
ty standards increased from 79 percent to 96 percent. Pol-
iticians in the United Kingdom have indicated they would
like to increase this to 100 percent.

In Canada, the proportion of waste water receiving
treatment increased from 72 percent in 1983 to 93 per-
cent in 1994 (Environment Canada 1996d, 1996e). Cana-
da’s Wastewater Technology Centre recently shifted its
focus from industrial research to end-of-pipe, pollution-
prevention technologies (Environment Canada 1996b:
10). For example, the Centre is developing technology to
reduce phosphorus and ammonia in waste water, to con-
trol and manage sewer overflows and storm-water dis-
charges, and to improve contaminated sites.

In Mexico, water programs focus on providing
households with access to sanitation (sewage networks
and septic tanks). Since 1990, 1.9 million people per year
on average have been given access. As of 1997, 67 per-
cent of the population is connected to a sewer network.
(OECD 1997: 74) The population served by waste-water
treatment plants remains low, 22 percent, but this is likely
to improve soon as the construction of new waste-water
facilities continues. 

National water quality

Because Canada, the United Kingdom, Mexico and the
United States monitor water quality differently, Environ-
mental Indicators considers each nation separately. Infor-
mation on water quality and wildlife indicators for the
Great Lakes are also presented to provide a case study of
North America’s internationally important freshwater re-
sources. 

The United States

In 1972, the EPA instituted a National Water Quality Inven-
tory (NWQI) under the Clean Water Act. The EPA, in con-
junction with the United States Geological Survey, reports
to Congress upon the criteria for water quality and pollu-
tion. Each state must meet the minimum federal criteria
and may set additional objectives to address problems
particular to its region. Each must also submit biennial
“305b” reports to a regional EPA office (there are ten re-
gions) stating whether they met or exceeded the mini-
mum federal levels. The regional EPA offices amalgamate
the “305b” reports to produce the biennial USEPA Report
to Congress on Water Quality.

The NWQI assesses rivers, lakes, and estuaries
based on water-quality standards for beneficial uses, and
numeric, and narrative criteria for allowing each use.
Designated beneficial uses are the desirable uses that
water quality should support. There are 9 categories:
support of aquatic life, fish consumption, shellfish har-
vesting, supply of drinking water, primary contact (swim-
ming), secondary contact (recreation), agriculture,
recharge of the supply of ground-water, and wildlife hab-
itat. These designated uses replace the 1990 NWQI
“swimmable” and “fishable” objectives.
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The inventory provides a “snapshot” of water qual-
ity. According to the NWQI, 17 percent of rivers, 42 per-
cent of lakes, ponds, and reservoirs, and 78 percent of
estuaries have been assessed to date (USEPA 1995e: Exec-
utive Summary). Table 6 reports the results for 1994.

There are several problems with the NWQI data.
For example, meaningful time-series analysis of the data
is not possible due to annual changes in the water bodies
being assessed, differing methodologies and reporting
techniques, and incomplete data. In addition, the per-
centages reported in table 6 may actually under-estimate
water quality since states have a bureaucratic incentive to
assess those waters where problems are most likely to be
found. The EPA itself notes that “it is likely that un-
assessed waters are not as polluted as assessed waters”
(USEPA 1989: xi).
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Figure 22: Water Quality in the United States

Source: US Geological Survey cited in US Bureau of

Table 6: United States National Water Quality Invent

Good

Fully Supporting Threatened

Rivers (615,806 miles) 57% 7%

Lakes (17.1 million acres) 50% 13%

Estuaries (34,388 miles2) 2% 1%
Several efforts are underway to improve the data
on water quality. The National Water Quality Surveillance
System (NWQSS) and the United States Geological Sur-
vey’s National Stream Quality Accounting Network
(NASQAN) provide limited but consistent data. The 420
monitoring stations in this network, located on major
American rivers, are useful in tracking the progress of
prominent point-source controls, especially municipal
sewage treatment plants. This network, it must be em-
phasized, is not designed to provide a statistical sample
of the water quality of streams throughout the nation.

Figure 22 shows that the percent of readings ex-
ceeding the local clean-water standard for both phospho-
rus and fecal coliform have declined from their peaks in
1975. This seems to indicate a clear success for waste-
water treatment. There has not, however, been a signifi-
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Fecal Coliform Dissolved Oxygen Phosphorus

 the Census, 1997.

ory (1994) Showing Levels for Overall Use

Fair Poor

Partially Supporting Not Supporting Not Attainable

22% 14% <1%

28% 9% <1%

34% 63% 0%
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cant increase in the dissolved oxygen content of water. In
fact, “the most noteworthy finding from national-level
monitoring is that heavy investment in point-source pol-
lution control has produced no statistically discernible
pattern of increases in the water’s dissolved oxygen con-
tent during the last 15 years” (Knopman and Smith 1993;
Smith, Alexander, and Wolman 1987). The United States
has ten EPA water-quality regions: 

1 Connecticut, Massachusetts, Maine, New Hamp-
shire, Rhode Island, and Vermont

2 New Jersey, New York, Puerto Rico, and the United
States Virgin Islands

3 Delaware, Maryland, Pennsylvania, Virginia, West
Virginia, and the District of Columbia

4 Alabama, Florida, Georgia, Kentucky, Mississippi,
North and South Carolina, and Tennessee

5 Illinois, Indiana, Michigan, Minnesota, Ohio, and
Wisconsin

6 Arkansas, Louisiana, New Mexico, Oklahoma, and
Texas

7 Iowa, Kansas, Missouri, and Nebraska

8 Colorado, Montana, North and South Dakota,
Utah, and Wyoming

9 Arizona, California, Hawaii, Nevada, American Sa-
moa, Guam, the Commonwealth of the Northern
Mariana Islands, and the Trust Territory of the Pa-
cific Islands

10 Alaska, Idaho, Oregon and Washington (Alaska did
not submit a 305(b) report for 1994)

The EPA’s NWQI 1994 Report to Congress compiles as-
sessments of data on minimum-requirement water quali-
ty collected during 1992 and 1993 by 61 states, American
Indian tribes, territories, Interstate Water Commissions,
and the District of Columbia. The list of EPA regions above
indicate how immense is the task of writing the Report:
data from many varied geographies administered by mul-
tiple layers of bureaucracy must be collected and ana-
lyzed. Furthermore, the process of compiling “305(b)”
reports is flexible in that states, tribes, and other jurisdic-
tions do not use identical survey methods and criteria to
rate their water quality. The EPA admits that caution must
be the rule in attempting to compare data submitted by
different states and jurisdictions in one reporting period,
or by the same jurisdictions over more than one reporting
period because survey methodology is neither spatially
nor temporally standardized (USEPA 1995e: ES-2).

Canada

Canada does not have legislated water-quality objectives.
The Canadian Council of Ministers of the Environment (CC-
ME) established the Canadian Water Quality Guidelines in
1985 to provide a basis for designing site-specific water-
quality objectives. The guidelines recommend concentra-
tions for supporting and maintaining several categories of
water use including aquatic life, drinking, recreational, ag-
ricultural, and industrial use. Water must meet require-
ments for biological (bacteria, viruses, protozoan),
radiological (radioactive isotopes), physical (taste, odour,
temperature, turbidity, colour), and chemical factors.

In Canada, provincial governments legislate stan-
dards and regulations for water quality although the feder-
al government offers advice and leadership. Municipalities
are responsible for testing drinking water for coliforms
and residual chlorine.

Detailed site-specific reports on water quality pro-
vide “snapshot” evidence that Canadian drinking water is
generally good. Most Canadian municipalities treat drink-
ing water through chlorination, ozone treatment, or ultra-
violet radiation. Environment Canada conducted a four-
year study on the quality of drinking water in the Atlantic
provinces, which revealed that of the 150 substances test-
ed none was present in levels that exceeded the maximum
acceptable guidelines (Environment Canada 1990). A study
carried out in 1986 by the Canadian Public Health Associ-
ation showed that levels of very few of the 161 substances
measured in treated tapwater from the Great Lakes ex-
ceeded the guidelines (Canadian Public Health Association
1986). Further, a study of the Great Lakes by the Toronto
Board of Health in 1990 could detect only 42 of the sub-
stances for which they were testing; none was present in
levels that exceeded the guidelines (Kendall 1990).

Although raw data on Canadian water quality exist
in a federal database, the information is not in a format
that can be used to evaluate water quality on a national
level. The provinces, however, are taking a greater role in
monitoring water quality. British Columbia, Alberta,
Saskatchewan, Manitoba, and New Brunswick have devel-
oped site-specific objectives and maintain a record of
goal attainment. These data provide only a snapshot of
Canada’s water quality.
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Canada, like the United States, tests water at sites
located upstream or downstream from urban centres and
industrial facilities, on transboundary rivers and streams,
and on bodies of water that are used for recreation. Fig-
ure 23 illustrates the success of British Columbia, Alberta,
Saskatchewan, and Manitoba in attaining water-quality
objectives. New Brunswick’s record shows a considerable
decrease in the percentage of sites exceeding objectives.
It should be noted that the number and type of bodies of
water tested, and of pollutants examined, varies from
province to province. Details of provincial reporting are
described below.

British Columbia
Criteria are based on the British Columbia Surface Water
Quality Objectives. The province of British Columbia has
published objectives and attainment records for water
quality since 1987. Since 1985, the province has jointly
operated federal-provincial monitoring stations in part-
nership with Environment Canada under the Canada-
British Columbia Water Quality Monitoring Agreement.
These monitoring stations, operated to assess trends in
water quality, are situated on rivers over which both the
federal and the provincial governments have jurisdiction
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Figure 23: Water Quality in Canada

Sources: Personal communications with L.G. Swain 
Williamson (MB), and Jerry Choate (NB), 1997.
Note: Data from other Canadian provinces are not a
or in which both have an interest. By 1997, Environment
Canada and British Columbia’s Ministry of Environment
were to be operating about 30 sites, including ten new
sites. In addition to these sites established under the
joint agreement, since 1975 Environment Canada has op-
erated six sites monitoring long-term ambient water
quality on rivers of interest to the federal government.
The British Columbia Water Quality Status Report (1996)
provides an extensive review of some 124 bodies of wa-
ter. This report provides a detailed index developed from
objectives and attainment records (including the number,
frequency, and magnitude of objectives exceeded), rating
bodies of water as poor, borderline, fair, good, or excel-
lent. It describes the source of threats to water quality
and recommends methods for maintaining and restoring
British Columbia’s bodies of water. Of all Canadian prov-
inces, British Columbia has developed the most compre-
hensive monitoring and reporting program on water
quality (British Columbia Ministry of Environment 1993:
2–45; Rocchini 1996).

Alberta
Parameters of the Alberta Guidelines Index are placed in dif-
ferent use categories according to information in the CC-
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ME’s Canadian Water Quality Guidelines. The stated goal
is to have water downstream of developed areas equal in
quality to water upstream. Alberta has developed an arbi-
trary category description for objectives met: “not recom-
mended” (70 percent and below); “poor” (71 to 85
percent); “fair” (86 to 95 percent); and “good” (96 to 100
percent) (Saffran 1996; Government of Alberta 1996: 78–
80). Assessment of water quality in lakes and rivers in Al-
berta covers the entire province. There are currently 18
permanent stations that are visited monthly. Data from 12
of these stations are currently used for the Surface Water
Quality Index. Samples are collected on a monthly basis at
two locations (one upstream and one downstream from
the developed area) in each of the province’s six major riv-
er systems (Saffran 1997). The water samples are tested
for an extensive list of pollutants, 20 of which are evalu-
ated against the Alberta Ambient Surface Water Quality Inter-
im Guidelines. More pollutants and objectives are being
added over time.

Saskatchewan
The Saskatchewan Surface Water Quality Objectives are used
as a guide in assessing the quality of surface water in the
province. Priority is given to rivers affected by populated
centres and locations where water quality might be
threatened. Saskatchewan collects data from 15 regularly
monitored stations that test for 70 pollutants (there are
numerical guidelines for some of these pollutants only).
Sites are monitored on a monthly basis for nutrients,
salts, and bacteria, on a quarterly basis for metals, and
three times per year for certain pesticides. Saskatchewan
continues to monitor for long-term trends, and admits
that this data cannot be considered reflective of overall
water quality, but gives instead a “snap shot” of water
quality in the major rivers of southern and central
Saskatchewan (Hallard 1997).

Manitoba
Manitoba’s goal in monitoring water quality is to identi-
fy changes between upstream and downstream loca-
tions, and to develop focused maintenance and
protection programs. The results are cross-referenced
with Canadian Water Quality Guidelines and Manitoba Wa-
ter Quality Objectives. Manitoba uses, with minor modifi-
cations, the water quality index developed by British
Columbia; as applied by Manitoba, this index considers
25 key variables. Manitoba monitors up to 70 water-
quality variables at 35 sites located on 28 rivers and
lakes. Using the subjective category descriptors, “poor,”
“marginal,” “fair,” “good,” and “excellent,” it assigns a
ranking based on the number of objectives met, and the
magnitude and frequency of exceedances, i.e., incidents
when pollution exceeds objectives (Williamson 1996).
Manitoba is particularly concerned about the effects on
water quality of the larger facilities for intensive produc-
tion of livestock and value-added food processing facili-
ties. Programs are underway to reduce the impact of
food-processing waste and to assist the irrigating com-
munity in developing sustainable irrigation practices.
Flooding of the Red River in 1997 slightly elevated fecal
coliform levels and there were trace concentrations of
several organics; nevertheless, bacterial levels remain
relatively low at all sites (Williamson 1997).

Ontario
Ontario has performed periodic water-quality assess-
ments at specific sites; the Toronto waterfront is one ex-
ample. There is no federal-provincial agreement on water
quality, although there is cross-border cooperation be-
tween federal governments through the International
Joint Commission (IJC) on water quality in the Great
Lakes. Ontario has 250,000 bodies of water and measures
from 10 to 200 variables of water quality at thousands of
sites. Four databases contain raw data: Great Lakes, In-
land Rivers and Streams, Drinking Water Surveillance, and
Inland Lakes. The databases are not set up to be cross-ref-
erenced with site-specific objectives (Gemsa and White-
head 1996).

Quebec
Quebec does not set water quality objectives. Instead,
point sources are studied to determine the nature of local
or regional use of a water body and how it must be pre-
served or restored. Goals can vary from one site to the
next on the same river as the use of that river changes.
Nearly 350 sites, measuring nitrogen, phosphorous, fecal
coliforms, pH, turbidity, and suspended solids, are moni-
tored once a month. As well, biological surveys and mea-
surements of toxic chemicals in fish, artificial substrates,
and water are conducted on a monthly basis. Quebec is
currently revising the content of their reports pertaining
to the principal rivers. Since 1978, Quebec has committed
more than $5 billion towards improving waste-water
treatment and, by 1998, about 98 percent of the popula-
tion with access to a sewer system will have its waste wa-
ter treated (Gouyin 1997).
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New Brunswick
New Brunswick is currently writing its own site-specific
objectives but, at the moment, data is cross-referenced
with the Canadian Water Quality Guidelines for aquatic life.
New Brunswick examines 32 variables in various lakes and
rivers throughout the province. Data is collected from
base-line stations providing data over the long term, sta-
tions providing background information for specific
projects in the short term, and downstream stations mea-
suring the effects of point and non-point sources of pol-
lutants. Natural waters in many areas tend to be poor in
nutrients (especially, phosphorous) and acidic—some
natural pH values fall below the Canadian Water Quality
Guideline of pH 6.5. Naturally high levels of aluminum and
iron often exceed the guidelines (Choate 1997).

Newfoundland 
Newfoundland monitors up to 35 water-quality variables
at approximately 56 sites located on rivers and lakes
throughout the province. The goals of the monitoring
program include collecting data on background and am-
bient water quality of major rivers and basins, detecting
and measuring trends in water quality, and assessing
fresh-water aquatic health and the suitability of water
for various beneficial uses. Newfoundland maintains its
own water-quality database, which is updated every two
to three years. A report, the State of Water Quality in New-
foundland, based on the water quality index developed
by British Columbia, is currently under preparation
(Goebel 1997).

Nova Scotia
Nova Scotia follows the Canada Water Quality Guidelines
but has not set site-specific objectives. They do not per-
form ambient monitoring but use short-term projects to
monitor and improve the water in problem areas. Resi-
dents rely equally on surface and ground water for drink-
ing and Nova Scotia’s drinking water is generally good.
Concerns specific to certain areas arise primarily due to
mining and industrial activity (Cameron 1996).

Prince Edward Island 
Prince Edward Island has not established water-quality
guidelines of its own but uses the national water-quality
criteria as developed and maintained by CCME. Currently
26 sampling sites are located in six watersheds. Resi-
dents of Prince Edward Island rely exclusively on ground
water for drinking water, which is judged according to
national guidelines developed jointly by Health Canada
and the provinces. In 1996, “Evaluation and Planning of
Water Related Monitoring Networks on PEI” was incor-
porated into a new agreement, the Canada-PEI Water An-
nex to the Federal/Provincial Framework Agreement for
Environmental Cooperation in Atlantic Canada, between En-
vironment Canada and the province’s department of
Fisheries and Environment. In January 1996, Prince Ed-
ward Island signed an agreement with the federal gov-
ernment to establish a Watershed Inventory Project that
will examine 12 watersheds incorporating 26 rivers. New
initiatives include a new multi-year program to sample
drinking water for pesticides according to several param-
eters, and the release of an educational booklet entitled
Water on PEI: Understanding the Resource, Knowing the Is-
sues (Raymond 1996).

Yukon
The federal department of Indian Affairs and Northern
Development (DIAND) manages the water resources of
the Yukon Territory. Water-quality objectives have not
been set for any water bodies as most water bodies in
the region are considered pristine. DIAND and Environ-
ment Canada jointly operated 19 monitoring stations in
1996. Baseline monitoring of rivers and streams was end-
ed in September 1996 in preparation for the end of the
Arctic Environmental Strategy of the Canadian govern-
ment’s Green Plan. Raw data is collected but due to bud-
getary constraints, it has not been correlated into
readable information. Prevention of pollution through
enforcement of water-use licenses is the sole strategy
used to maintain water quality. Most communities treat
sewage in lagoons, discharging it to ground or wetlands;
two communities discharge treated sewage to surface
water. There are two mines in operation; one of these, a
tank-leach gold mine, has difficulty meeting licensed ef-
fluent conditions (Whitley 1997).

Northwest Territories
The water-quality objectives of the Northwest Territories
comply with the CCME water-quality guidelines and site-
specific water-quality objectives. The federal depart-
ment of Indian Affairs and Northern Development and
the Territory’s Department of Environment currently co-
operate in maintaining 50 active federal, federal-territo-
rial, and territorial stations that monitor water quality.
The federal government has collected data on 30 to 60
variables from about 100 stations reporting on 80 bodies
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of water in the Northwest Territories. Site-specific objec-
tives have been established in some locations to account
for unique natural occurrences and human activity. Sev-
eral individual reports have been generated from the
data (Haliwell 1997).

Effective April 1, 1999, the Northwest Territories
will be divided into two separate territories. The eastern
territory, Nunavut, will be 2,000 kilometres wide and
1,800 kilometres deep. Eighty-four percent of its popula-
tion will be Inuit. How this political division will affect the
collection of data is not yet clear.

The Great Lakes

The Great Lakes (from west to east, Lakes Superior, Mich-
igan, Huron, St. Clair, Erie and Ontario) contain one-fifth
of the world’s freshwater. Over 23 million people depend
on the Great Lakes for drinking water, which provide tre-
mendous economic and ecological benefits to the sur-
rounding area. One quarter of all American industry and
70 percent of American and 69 percent of Canadian steel
mills are located in the Great Lakes Basin (USEPA 1995e:
496). The Great Lakes are exposed to many sources of
point and non-point pollution but it was thought for
many years that the Great Lakes were too big to have se-
rious pollution problems. By the 1960s, however, sewage,
fertilizer run-off, and chemical wastes had caused serious
degradation to Lake Erie, and the other lakes showed
signs of similar trouble. As a result, over the last 20 years
Canada and the United States have spent over $9 billion
to clean up Lake Erie (Hayward 1994: 23). These efforts
have improved water quality. Although discharges from
waste-water treatment plants have increased due to pop-
ulation growth and industrial development, levels of dis-
solved oxygen have steadily improved, resulting in
cleaner discharge. There have been noteworthy reduc-
tions in organic material, solids, and phosphorus as well.
Fish have returned to some harbours from which they had
all but disappeared, and the number of double-crested
cormorants, a water bird that all but vanished from the
Great Lakes in the 1970s, has climbed to 12,000 nesting
pairs (USEPA 1995e: 497).

The USEPA’s National Water Quality Inventory states
that “less visible problems continue to degrade the Great
Lakes.” Six of the eight American states bordering upon
the Great Lakes surveyed 94 percent of the Great Lakes’
shorelines in 1994. These states reported that most of the
Great Lakes’ nearshore waters were safe for swimming
and other recreational activities, and could be used as a
source of drinking water with normal treatment. However,
about 97 percent of the surveyed Great Lakes shoreline is
subject to fish-consumption advisories and shows un-
favourable conditions for supporting aquatic life (USEPA
1995e: 497). The pollutants were “primarily PCBs,” which
impaired 98 percent of the shoreline. PCBs are a bioaccu-
mulative pollutant and, since the 1980s, have only been
allowed in closed electrical equipment. So, although PCBs
are of concern as a pollutant, it is important to note that
they are not coming from new sources.

Despite the improvements, however, the Interna-
tional Joint Commission (IJC), an advisory group of Amer-
icans and Canadians, remains pessimistic about water
quality in the Great Lakes. They recently recommended an
extreme measure: a ban throughout North America on the
production of products using chlorine chemicals. The da-
ta, however, reveal several encouraging trends in the wa-
ter quality of the Great Lakes, particularly for harmful
chlorine compounds. Nitrogen levels have increased but
are still well below the threshold of 10 milligrams per litre
for safe drinking water (figure 24). Phosphorus levels have
declined by one-third in Lake Ontario, 80 percent in Lake
Huron, and have remained stable in Lake Superior (figure
25). Phosphorus targets have been met consistently in
Lake Michigan since 1981 and in Lake Superior since
1985; for the most part Lakes Huron, Erie, and Ontario
have also met their targets since 1986, 1987, and 1988 re-
spectively (figure 26).18

Another important indicator of water quality in the
Great Lakes is the pesticide contamination found in birds’
eggs. The contamination of herring gull eggs fell consid-
erably between 1974 and 1991. Levels of Dichloro-diphe-
nyl-dichloro-ethylene (DDE)19 fell 90.2 percent in Lake
Ontario and 89.2 percent in Lake Superior from peak lev-
els in 1975 (figure 27). Available data also indicate a de-
crease in the already low levels of the pesticides Dieldrin
and Mirex in herring gull eggs. Polychlorinated biphenyls
(PCBs)20 fell 91.1 percent in Lake Ontario, 87.4 percent in
Lake Huron, 85.4 percent in Lake Superior, 80.3 percent
in Lake Michigan, and 67.5 percent in Lake Erie from their
highest recorded levels (figure 28). The level of hexachlo-
ro-benzenes (HCBs)21 peaked in 1977 and fell 97.5 per-
cent in Lake Ontario, 91.9 percent in Lake Erie, and 87.5
percent in Lake Michigan by 1995. Lakes Superior and Hu-
ron fell 92.3 percent and 92.1 percent respectively be-
tween 1974 and 1995 (figure 29). These favourable trends
can be observed in others of the Great Lakes as well
(Council on Environmental Quality 1996).
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Figure 24: Water Quality in the Great Lakes (N

Source: OECD 1997.
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Figure 25: Water Quality in the Great Lakes (P

Source: OECD 1997.
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Figure 26: Industrial Discharge of Phosphorus 

Source: Council on Environmental Quality 1996.
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Figure 28: PCB Levels in Herring Gull Eggs in t

Source: Council on Environmental Quality 1996. 
Note: PCBs = Polychlorinated biphenyls. 

Figure 29: HCB Levels in Herring Gull Eggs in 

Source: Council on Environmental Quality 1996. 
Note: HCB = hexachloro-benzene.
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The United Kingdom

The United Kingdom’s Department of Environment, of
Transport and the Regions (UKDETR) routinely reports the
results of a series of national surveys monitoring the qual-
ity of water in the rivers and canals of England, Wales,
Scotland, and Northern Ireland. (UKDETR 1998d). A Gener-
al Quality Assessment (GQA) system is used to classify water
quality into categories based on chemical grade (bio-
chemical oxygen demand, dissolved oxygen, and ammo-
nia) from A (for the highest water quality) to F (for water
quality which is of lowest quality). Assessments are also
currently underway for biological grading (comparing the
number of tiny animal species at sites against the range
of those species that might be expected if the sites were
in a pristine, unpolluted condition). Future indicators may
include aesthetics and nutrients (UKDETR 1998d).

Regular monitoring of the chemical and biological
composition of the water in rivers and canals provides
general information about water quality. Three chemical
characteristics are measured: dissolved oxygen, biochem-
ical oxygen demand, and ammonia. Biological quality is
assessed by comparing the number of tiny species (i.e.
macro-invertebrates that live in or on the bed of the river)
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Figure 30: Chemical Quality of Rivers and Can

Source: UKDETR 1998a.
present in a body of water to how many species one
would expect to find if there was no pollution (UKDETR
1998a: 65–66). Figure 30 shows the chemical quality of
rivers and canals between 1980 and 1995. As of 1995, 91
percent of rivers and canals in England and Wales were
considered of “good” or “fair” quality. In Scotland 99 per-
cent and, in Northern Ireland, 88 percent of rivers and ca-
nals were assessed as “good” or “fair” (UKDETR 1998a).
The biological quality of rivers and canals in the United
Kingdom is also fairly high. In 1995, 93 percent of rivers
and canals in England and Wales, 98 percent in Scotland,
and 100 percent in Northern Ireland were considered
“good” or “fair” quality (see figure 31).

Data from the Organisation for Economic Cooper-
ation and Development are available for a variety of indi-
cators of water quality for rivers and lakes in the United
Kingdom (see figures 32–36). Cadmium levels fell 90 per-
cent and 99 percent in the Thames and Severn rivers re-
spectively between 1980 and 1995. In the Clyde river,
cadmium levels increased 9 percent and, in Mersey river,
37 percent between 1980 and 1995. Chromium and cop-
per levels have fallen dramatically in all four rivers. For ex-
ample, copper levels in the Thames River fell 32 percent
between 1980 and 1995.
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Figure 33: Water Quality of Selected Rivers in 

Source: OECD 1997.

Figure 34: Water Quality of Selected Rivers in

Source: OECD 1997.
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Figure 35: Water Quality of Selected Lakes in 

Source: OECD 1997.

Figure 36: Water Quality of Selected Lakes in 

Source: OECD 1997.
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Figure 37: Contaminants in Whiting and Plaice in the Irish Sea
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Figure 38: Contaminants in Cod and Plaice in the North Sea
1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
0

0.03

0.06

0.09

0.12

0.15

0

2

4

6

8

10

M
ill

ig
ra

m
s 

pe
r 

K
ilo

gr
am

 W
et

 W
ei

gh
t

M
ill

ig
ra

m
s 

pe
r 

K
ilo

gr
am

 W
et

 W
ei

gh
t 

 (
PC

Bs
 in

 C
od

 a
nd

 P
la

ic
e,

 D
D

T
 in

 C
o

Cod
Mercury

PCBs DDT
Plaice

Mercury
PCBs DDT
Source: UKDETR 1998a.



The Fraser Institute Environmental Indicators 41
Water quality in the three lakes included in the
OECD report show mixed trends. Nitrogen levels in Lake
Neagh and Bewl Water have decreased. Nitrogen levels in
Lomond have increased slightly. Phosphorus levels in
Lake Neagh and Bewl Water have increased slightly while
levels in Lomond lake have remained the same. 

The statistics available show modest to significant
declines in the amount of toxic chemicals in fish in the
North Sea and Irish Sea. In the Irish Sea, for example,
PCBs found in whiting declined 50 percent between 1982
and 1993 and mercury levels in plaice declined 25 per-
cent between 1982 and 1995 ( figure 37). In the North
Sea, mercury levels in cod declined 22 percent and DDT
levels in cod declined 80 percent between 1982 and 1996
(figure 38).

Twenty-nine private companies supply drinking
water to residents in the United Kingdom. These private
companies supply about 16,800 million litres of water
drawn from rivers, reservoirs and wells. Water quality is
monitored by a grid system to ensure that any contamina-
tion of the water system will remain in a contained area
(Drinking Water Inspectorate: 1) The government has set
up some 55 standards, which the water companies must
follow to ensure that they pass government safety stan-
dards. A survey of British water companies shows that
99.7 percent of all drinking water in the United Kingdom
meets government safety standards. This is a small in-
crease over the results in 1992, when just over 98 percent
were approved, and the government in the United King-
dom is aiming to have 100 percent of water tested meet
the government standards. (UKDETR 1998c: 2)

Mexico

In Mexico, the National Water Commission (CNA), estab-
lished in 1989, has authority over water management, in-
cluding inspection and enforcement of regulations.
The quality of surface water and ground water is
monitored and classified according to a water-quality in-
dex that considers 18 parameters such as oxygen-de-
manding substances, nutrients, and bacteria and defines
six quality classes (OECD 1998: 58). Monitoring is carried
on near developed areas in 24 of Mexico’s 37 hydrological
regions. Only a few areas monitored was the water rated
excellent or acceptable, the upper two classes of water
quality and waters in most regions were rated as polluted
or strongly polluted (OECD 1998: 58). Recent evidence,
however, indicates that water quality in Mexico is begin-
ning to improve. For example, Lake Chapala, Mexico’s
largest lake, has seen a 65 percent reduction in pollution
levels in recent years (OECD 1998: 58).

Data collected by the OECD on the water quality of
Mexican rivers shows mixed trends. Nitrate levels in the
Grijalva river fell 90 percent between 1986 and 1995. In
the Lema river, nitrates fell 23 percent between 1980 and
1994. In the Panuco river, nitrates fell 12 percent between
1985 and 1995. In the Bravo river, however, nitrates in-
creased 30 percent between 1985 and 1995 (see figure
39). Dissolved oxygen levels have improved in all four riv-
ers (see figure 40). Phosphorus levels in the Lema, Punu-
co, and Grijalva rivers have increased while levels in the
Balsas have decreased (see figure 41). Copper levels in the
Panuco decreased 50 percent between 1989 and 1993
(see figure 42). Ammonium levels in the Bravo, Panuco,
and Grijalva rivers declined while levels in the Panuco riv-
er increased (see figure 43). 

The limited data available for lakes in Mexico show
some improvement and some deterioration in quality. Ni-
trogen levels in the Chapala Lake increased 9 percent be-
tween 1980 and 1994 while nitrogen levels in the
Catemaco decreased 88 percent between 1987 and 1995
(see figure 44). Phosphorus levels in Lake Chapala increased
by 14 percent between 1980 and 1994 while phosphorus
levels in Lake Patzcuaro and Lake Catemaco decreased be-
tween the late 1980s and mid-1990s (see figure 45).
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Figure 40: Water Quality of Selected Rivers in

Source: OECD 1997. Data available only for points 

Figure 39: Water Quality of Selected Rivers in

Source: OECD 1997.
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Figure 41: Water Quality of Selected Rivers in 
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Figure 44: Water Quality of Selected Lakes in 

Source: OECD 1997.

Figure 43: Water Quality of Selected Rivers in

Source: OECD 1997.
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Figure 45: Water Quality of Selected Lakes in Mexico (Phosphorus)
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Natural resource use
Forests

Forests are the subject of some of the most emotionally
charged environmental controversies. The fear that we
shall run out of trees dates back more than a century in
the United States. In his address to Congress in 1905,
President Theodore Roosevelt warned that “a timber fam-
ine is inevitable,” and the New York Times ran headlines
in 1908 proclaiming, “The End of the Lumber Supply” and
“Supply of Wood Nears End—Much Wasted and There’s
No Substitute.” Debate in Mexico surrounds the southern
rain forests. The most diverse ecosystems on earth, rain
forests are thought to contain many undiscovered medi-
cines. Concern in Canada and the United Kingdom, as in
many countries, focuses upon forestry’s impact on ecolo-
gy and landscape.

Forests provide habitat, purify air, prevent run-off,
and inhibit erosion by anchoring topsoil. Forests release
water vapour into the air and play a critical role in the car-
bon cycle by absorbing CO2, storing the carbon, and releas-
ing the oxygen. North America’s diverse forest resources
include over 130 species of trees and sustain a wide variety
of plants and animals (Environment Canada 1991c: [10]4).

Canada and the United States play a significant role
in world timber markets. In 1995, American and Canadian
production provided over 50 percent of global wood
pulp, over 25 percent of paper and paperboard, over 15
percent of wood-based panels, and almost 40 percent of
other wood products.22 Despite the Asian financial crisis,
the global demand for North American forest products is
large and likely to remain so. The industry is a primary
contributor to regional economies: one in 15 workers in
Canada is employed directly or indirectly by the forestry
sector (Environment Canada 1996c).

Despite this strong commercial reliance upon the
forests, only a small portion of total forest resources is har-
vested each year in Canada and the United States. Environ-
ment Canada reports that of the country’s 418 million
hectares of forestland, 119 million hectares are accessible
and actively managed for timber production. A mere 0.8
percent of managed forests are harvested per year, averag-
ing 165 million cubic metres of harvested timber, with each
cubic metre contributing $95 to the Gross Domestic Prod-
uct of Canada (Environment Canada 1996c). In Canada,
governments decide how much can be harvested based on
the annual allowable cut (AAC), which is calculated by con-
sidering the quantity and quality of species, accessibility of
the trees, growth rates, sensitivity of the site, and compet-
ing uses. The AAC calculation is not a measure of total new
growth: it is a measure of growth available for commercial
harvesting. The proportion of the AAC harvested was 66.1
percent in 1980; it climbed to 79.8 percent in 1985 and fell
to 73.4 percent in 1993 (figure 46). Data collected by the
Organisation for Economic Cooperation and Development
(OECD) show that the United States consistently harvests
less than the amount of annual new growth (figure 47). The
United States harvested 56 percent of the annual new
growth in 1980, 59 percent in 1985, and 60 percent in the
early 1990s. Forests in the United Kingdom have been ex-
panding since the introduction of the forest expansion pro-
gram after the World War I. In 1970, there was 1.8 million
hectares of land covered by trees, increasing to 2.4 million
by 1995 (Department of the Environment, 1996). Part of
this increase is due to the introduction of Broad-leaved
Woodland Grant Scheme and its successor, the Woodland
Grant Scheme, which provide incentives for private forest-
ry. This success has led the government to set new targets
for increasing forest cover in the United Kingdom. Accord-
ing to its 1995 Rural White Paper, the government wants En-
glish woodland to double over the next 50 years. The
government regulates the forest industry through complex
Forest Design plans but the amount of land under private
ownership has also increased, from 45,000 hectares in
1988/89 to 640,000 in 1994/95 (UKDETR 1996: 73) In the
United Kingdom, annual harvests are about 65 percent of
growth (Gillingham 1998; see figure 48).

In Mexico, annual growth also exceeds harvests. The
latest Mexican data available indicate that harvests are
roughly 17 percent of growth (figure 49), down from 23
percent in 1980. Mexico, however, has lost about 15 per-
cent of its forest land since 1970. This is primarily due to
increases in agriculture and cattle grazing (OECD 1998: 99).
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Figure 46: Forest Harvest and Growth in the United States
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Figure 47: Forest Harvest and Growth in Canada
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Figure 48: Forest Harvest and Growth in the United Kingdom
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Figure 49: Forest Harvest and Growth in Mexico
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In all countries, many of the serious environmental
debates surrounding forests and harvesting practices are
local in nature; examples of such debates are those about
the preservation of old-growth stands and the practice of
clear-cutting. Old-growth forests are those stands that are
over 140 years old, have over a specified number of trees,
and have experienced minimal human disturbance. They
have considerable commercial and environmental value.
Today’s commercial cutting cycle of 50 to 80 years means
that once they are harvested, old-growth ecosystems will
not be re-established. Second-growth forests, however,
also provide commercial and environmental benefits.

Even forests that have been clear-cut and replanted
support diverse wildlife populations and contain trees of
various ages, sizes and species. The beautiful wilderness
scenes in the popular movie Last of the Mohicans, for ex-
ample, were filmed in a formerly clear-cut commercial for-
est, not a natural forest (Bast, Hill, and Rue 1994: 24).

Clear-cutting remains a popular method of harvest-
ing. In Canada, almost 90 percent of trees logged are har-
vested by this means. There are two reasons for this. First,
it is economically viable; second, clear-cutting simplifies
reforestation. It allows easy preparation of the site for the
re-establishment and tending of a new forest, and the
open area provides the heat and sunlight needed for the
new trees to grow. In addition, dead stumps support an
extraordinary number of species, including fungi, spiders,
beetles, and centipedes. Finally, leaves and branches con-
tain plant nutrients and are often left as humus to replen-
ish the soil. When clear-cutting is not performed properly,
however, it can damage sensitive watersheds and the ec-
osystems of rivers. Overall it is important to bear in mind
that the area harvested nationally is minimal in compari-
son to the annual extent of natural disturbances (Environ-
ment Canada 1996c). 

Fresh water

Only 2.7 percent of the Earth’s water is fresh water (Envi-
ronment Canada 1991c). Sources of fresh water include
snow, glaciers, and polar ice (77 percent); underground (22
percent); lakes and wetlands (0.35 percent); atmosphere
(0.04 percent); and streams (0.001 percent) (White 1984:
252). Only about 0.01 percent of water sources are both
fresh and accessible in lakes, rivers, soil, and atmosphere.
When discussing the withdrawal (use) of water, it is impor-
tant to remember that water is neither gained nor lost; it
is always returned to the earth in one form or another.
Water is used to provide a source of power, for
drinking, for irrigation, and for diluting waste. The cool-
ing of power-generating plants uses the most freshwater
resources in the United States and Canada, accounting for
38.6 percent and 59.7 percent respectively. In the United
Kingdom, this process accounts for only 2.8 percent of
use, and in Mexico, only 0.2 percent. Industry (other than
electrical cooling) uses 7.9 percent of freshwater resourc-
es in Canada, 5.7 percent in the United States, 5.5 percent
in Britain, and 3.4 percent in Mexico. The public uses 11.3
percent of freshwater in Canada, 11.4 percent in the Unit-
ed States, and 11.5 percent in Mexico. In the United King-
dom the public water supply accounts for 65.4 percent of
water use. Irrigation accounts for 40.2 percent of fresh-
water use in the United States and 83.1 percent in Mexico
due to agriculture and climate. In Canada and the United
Kingdom, irrigation is only 7.1 percent and 1.6 percent of
the total respectively (OECD 1997: 68-71). 

North American water prices are relatively low. The
cost per thousand litres is $0.40 in the United States and
$0.35 in Canada. Prices can be up to three times higher in
European nations. For example, the price per thousand li-
tres is $0.65 in the United Kingdom, $0.77 in Sweden,
$0.85 in France and $1.30 in Germany. It is interesting to
note that, on average, bottled water costs about $497 per
thousand litres.23 As one would expect, lower prices tend
to lead to higher levels of freshwater consumption and
North Americans are the largest consumers of fresh water
in the world. The average daily household use is about 420
litres in the United States and 360 litres in Canada. This is
more than double the amount of water used daily in many
European countries (Environment Canada 1991c: [3]8). 

Total water use, according to data from the OECD,
has decreased in the United States and the United King-
dom but increased in Canada and Mexico. Use decreased
9.5 percent in the United States between 1980 and 1990,
and 30 percent in Britain between 1980 and 1995. Be-
tween 1980 and 1995, water use increased 20 percent in
Canada and 32 percent in Mexico (figures 50–53). 

The United States has 2.5 trillion cubic metres of re-
newable freshwater resources and used 20.9 percent in
1980 and 18.9 percent in both 1985 and 1990 (figure 54).24

Canada has about 2.8 trillion cubic metres of renewable
freshwater resources and used 1.3 percent in 1980, 1.5
percent in 1985, and 1.6 percent in both 1990 and 1993.
The United Kingdom has about 76 billion cubic metres and
used 18.3 percent in 1980 and 6.8 percent in 1995 (OECD
1995). Of its 414 billion cubic metres, Mexico used 13.8
percent in 1980 and 14.5 percent in 1995 (OECD 1995). 
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Figure 50: Freshwater Withdrawals in the 
United States
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Note: freshwater withdrawals refer to the use of ground water (water below the surface and supplying 
wells and spring) and of surface water (rivers, lakes, streams, and estuaries).
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Figure 52: Freshwater Withdrawals 
in the United Kingdom
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Figure 53: Freshwater Withdrawals 
in Mexico
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While this abundance contributes to lower prices,
government subsidies also depress prices artificially. In
some cases, municipalities charge a flat rate for water
use and governments subsidize irrigation. In Canada, the
provinces pay an average of 85 percent of the total cost
of water use (Environment Canada 1996c). Subsidization
policies eliminate the incentive for efficient use of water
resources. Subsidies lead to inefficient agricultural use,
less water recycling, and a greater need for waste-water
treatment facilities. This places further pressure on wa-
ter sources and increases the demand for new dam con-
struction and water diversion projects. To eliminate the
difference between the real cost and the actual price of
water, Environment Canada, in its State of the Environment
Report, recommends that “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” (Environment
Canada 1996c). 

Although people in North America and the United
Kingdom use only a small portion of renewable freshwa-
ter resources, regional water shortages continue to be a
problem. In parts of the United States where water is
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Figure 54: Withdrawals as a Percentage of Re

Source: OECD 1997.
Note: UK data refer to England and Wales only; 1980
scarce, farmers have responded by changing irrigation
technology and cropping practices, and by using recycled
municipal waste water for agricultural purposes (Avery
1995: 68–9). 

Energy resources

Canada and the United States are among the world’s most
intensive users of energy. Environment Canada lists sever-
al reasons why Canada uses so much energy: the cold cli-
mate, an energy-intensive industrial base, a large land
area, and a widely dispersed population. This section
shows, however, that, despite the obstacles to energy ef-
ficiency that confront Canada, the United States, Mexico,
and Britain, energy resources are not being depleted and
that today the energy being used per capita is the same
as, or less than, that used in previous years.

Figure 55 shows that total energy consumption is
rising in North America and the United Kingdom. A better
measure of energy use, however, is per-capita consump-
tion. While per-capita energy use rose steadily before the
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 and 1990 data for Canada are for 1981 and 1991.
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end of the 1970s, it has since leveled off. For example, in
1995 Canada and the United States both used less energy
per capita than they did in 1979. The reduction in the use
of energy per capita reflects improvements in energy effi-
ciency.25 In Mexico and the United Kingdom, energy use
per capita has remained roughly the same between 1980
and 1995 (figure 56).

If the world were close to running out of energy, as
some believe, one would expect to see a decline in the
production of energy and an increase in prices in recent
years. Instead, the opposite is true. In Canada, consump-
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Source: OECD 1997.
Note: MTOE = millions of tons of oil equivalent.
tion as a percentage of production decreased from 76
percent in 1980 to 50.8 percent in 1995. The United King-
dom has seen a similar decline from 69.2 percent in 1980
to 61.1 percent in 1995. Although total consumption in
the United States and Mexico increased between 1980
and 1995, consumption as a percentage of production has
been fairly stable (about 85 percent and 47.5 percent re-
spectively). All four countries are producing more energy
than they are consuming. Figure 57 shows that Canada,
the United States, Mexico, and the United Kingdom are
net exporters of energy.
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Figure 56: Per-capita Annual Consumption of Energy
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Figure 57: Consumption of Energy as a Percentage of Production
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Land use and condition

This section discusses land use and condition in Canada,
the United States, Mexico, and the United Kingdom, ex-
amining at three areas of concern: wetlands, urban
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Figure 60: Land Cover in the United Kingdom

Source: Environmental Data Digest, 1998.
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sprawl, and soil erosion. A general picture of land cover
in the United States, Canada, the United Kingdom and
Mexico can be seen in figures 58 through 61.
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Figure 61: Land Cover in Mexico
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Wetlands

Wetlands are areas of land that are sufficiently saturated
with water to promote aquatic processes. They include
marshes, swamps, and bogs. Wetlands protect land from
flooding and shorelines from erosion, and act as filtration
systems by breaking down nutrients and neutralizing
pathogens. They also provide habitat for a wide range of
species. Canadian prairie wetland, for instance, provides
habitat for 50 percent of North America’s waterfowl (En-
vironment Canada 1991c: [17]10).

In the past, wetlands were considered waste ar-
eas to be drained and made economically productive. In
some cases, farming subsidies contributed to the de-
struction of this sensitive habitat. In the United States,
over 80 percent of natural wetlands were converted to
agricultural use (USEPA 1988: 6). Since the Canadian
Wheat Board Act used to determine grain delivery quo-
tas based on the total area seeded or left fallow, farmers
were encouraged to cultivate marginal land rather than
leave it in its natural state (Environment Canada 1991c:
[26]6). In addition, the Maritime Marshland Rehabilita-
tion Act (1943) was designed to discourage reversion of
arable land to original wetland coverage (Environment
Canada 1991c: [20]6). This trend now seems to be re-
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UKDETR 1998a: 210; OECD 1995.
versing, however, as recent studies show that wetland
loss from agricultural conversion has dropped sharply
(Tolman 1994).

The human impact on wetlands is difficult to quan-
tify as areas of wetlands fluctuate dramatically in size and
number between wet and dry years. In addition, esti-
mates from different studies vary depending on survey
techniques, time frame, region, and definition of wet-
lands. For example, estimates of the loss of prairie wet-
lands in two Canadian studies range from 40 percent to
71 percent (Tolman 1994).

Wetlands are more extensive in Canada than in the
United States, the United Kingdom, and Mexico. Accord-
ing to the Ramsar Convention, Canada contains 13,030,200
hectares of internationally important wetlands compared
to 1,194,000 hectares in the United States, 47,800 hect-
ares in Mexico and 274,900 hectares in the United King-
dom (OECD 1995: 149). Most recent estimates suggest
that wetlands cover 14 percent or 127,000,000 hectares of
Canada’s land base; this is nearly 25 percent of the world’s
wetlands (Environment Canada 1991c: [26]7). Since 1986,
the OECD survey reports indicate that Canada has suffered
no net loss of wetlands. American wetlands have also been
stable since 1980. In the United Kingdom, wetlands in-
creased by 6.5 percent between 1984 and 1990 (figure 62).
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In 1996, Canada, the United States, and Mexico
launched the North America Wetlands Management Pro-
gram, a billion-dollar wildlife-conservation program that
grew out of public concern in the mid-1980s over the loss
of North American wetlands. The program is a partnership
of federal, provincial, territorial, and state governments,
non-governmental organizations, and the private sector.
As of late 1994, Canada had secured 3,355 km2 of wildlife
habitat through the program’s joint ventures (Environment
Canada 1996c). Also in 1996, the US EPA’s Water Program
was implemented, wetlands management was added as a
program priority, and it is currently implementing a 40-
point plan to enhance wetlands protection, make the reg-
ulation of wetlands more fair and flexible, and move to-
wards the goal of no net loss of wetlands (USEPA 1996b).

As more is discovered about the function and value
of wetlands, it is becoming clear that they play a reinforc-
ing, rather than a strictly competing, role in agriculture
and urban development. For example, wetland preserva-
tion can help conserve and purify ground water and pro-
tect against drought. In the United States, degraded or
lost wetlands are now being restored as a means of treat-
ing municipal sewage.

In the United States, 75 percent of wetlands are on
privately owned land.26 Regulations for the protection of
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Note: the graph only considers land with currently co
*no data are available for either urban land or agricu
wetlands are usually imposed without compensation; this
places a heavy burden on the landowners and causes con-
troversy. There is, however, a new approach to the protec-
tion of wetland habitat emerging. Private organizations
such as Ducks Unlimited and the Nature Conservancy
have become the two largest private stewards of Canada’s
1.1 million hectares of non-government conservation
lands (Statistics Canada 1994: 214–15). Ducks Unlimited
also protects wetlands in the United States and Mexico.

Urban sprawl

Urban sprawl causes conflict over the use of land through
urban expansion into agricultural land and human en-
croachment upon wilderness areas. Urban centres were
originally established close to prime agricultural land
and, as populations increased, urban development began
to infringe upon farm land. Further, the spread both of ur-
ban and of agricultural land has meant fewer areas left in
their natural state.

Changes in land use for urban, agricultural, and
protected areas in Canada, the United States, Mexico, and
the United Kingdom have occurred between the late
1950s and the mid-1990s (figures 63 through 66).27 Urban
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Figure 65: Land Use in the United Kingdom
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areas expanded steadily in Canada and the United States
during the decades following World War II. In the United
States, the agricultural landbase remained fairly stable
despite urban expansion. In Canada, where large expans-
es of Crown land were available for conversion to desig-
nated uses, the growth of agricultural and protected
lands kept pace with urban expansion. Urban land occu-
pies less than 1 percent of Canada’s 9,215,430 km2, and
crop and range lands represent 8 percent of Canada’s to-
tal land mass (United States Department of Agriculture
1994). In the United States, developed land occupies 4.9
percent of the total 7,850,945 km2. Crop, pasture, and
range lands account for another 48 percent of total land
mass in the United States. In Mexico, urban and agricul-
tural land account for 27.7 percent of the total 1,908,690
km2 landbase. Urban and agricultural land increased 3
percent between 1981 and 1992. Protected areas in Mex-
ico increased dramatically from 1.5 million hectares in
1981 to 11.5 million hectares in 1996. In the United King-
dom, urban and agricultural land remained fairly stable
between 1980 and 1996 while protected areas increased
dramatically (UKDETR 1998a: 206).
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Agricultural land bases are many times the size of
urban areas. Further, the figures presented above do not
reflect the increasing productivity of agricultural land. Ac-
cording to the indices of the United States Department of
Agriculture (USDA), the American agricultural sector was
158 percent more productive at the end of the 1980s than
at the beginning of the 1960s; in Canada productivity
grew by 206 percent (United States Department of Agri-
culture 1994). This growth in output far outweighs any
threat to farmlands posed by incremental urban expan-
sion on farmlands.

Similarly, wilderness areas are not in danger of dis-
appearing. In all four countries, protected areas have in-
creased since 1959. The ratio of protected areas to urban
and agricultural lands had grown from 6.4 percent to 22.9
percent in the United States by 1987. In Canada, with its
lower population density, this ratio is much higher. By
1986, Canadian protected areas were larger in total area
than urban and agricultural lands combined and this
trend appears to be continuing. In Mexico, the ratio of
protected areas to urban and agricultural lands increased
from 3.1 percent in 1981 to 20 percent in 1992. In the

1992 1996

al land Protected areas
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United Kingdom, the ratio of protected areas to urban
and agricultural lands increased from 6 percent in 1981 to
23 percent in 1996 (figure 67). Protected areas increased
in total size by 10.3 percent in Canada and 1.0 percent in
the United States (OECD 1995; United Nations 1993). In
Mexico, the number of protected areas almost doubled
between 1993 and 1996 (OECD 1995, 1997). Claims about
a “crisis” of urban sprawl are exaggerated. 

Soil erosion

Erosion is the most common soil-degradation problem. It
is a natural process that removes topsoil, reduces the lev-
el of organic matter, and breaks down soil structure. Ero-
sion due to water occurs when precipitation levels exceed
the soil’s capacity to absorb water. Such erosion varies
widely depending on climate, ground slope, vegetation,
and soil type and condition, and causes the accumulation
of silt, affects fish habitat, and pollutes water. Erosion due
to wind occurs as a result of high winds and dry surface
conditions. Some farming practices contribute to erosion:
compacted soil and lost organic matter impede water ab-
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Sources: UN 1993; US Department of Agriculture 19
Centre 1997, Website of the Instituto Nacional de Es
Note: UK 1981 includes 1980 data; UK 1991 includ
sorption; cropping practices (like summer fallow) that
leave soil unprotected can make wind and water erosion
worse. Other farming practices that encourage erosion in-
clude monoculture, improper tilling on slopes, fall
ploughing, and wide-row cropping. Although wind ero-
sion deposits sediments in water, it has a larger impact on
air quality. Airborne soil is abrasive, and can damage
buildings, machinery, vegetation, and human health.

Figure 68 shows the amount of land affected by
wind and water erosion in Mexico. Figure 69 shows the
average rates of erosion from cropland in Canada and the
United States since the early 1980s. Erosion from crop-
lands in the United States declined from 16.6 tonnes per
hectare (t/ha) in 1982 to 12.6 t/ha in 1992. In Canada,
rates were lower than in the United States: erosion from
Canadian croplands declined from 9.5 to 9.0 t/ha be-
tween 1980 and 1991. This reduction has occurred as
farmers continue to adopt sensible farming practices
such as crop rotation, interseeding, and the planting of
winter crops.

In the United States, the USDA has initiated a Crop
Replacement Program whereby it pays participants an an-
nual rent per acre plus half the cost of establishing a per-

1986 1987 1991 1992 1994 1996

United States

Canada

Mexico

United Kingdom

 Urban and Agricultural Areas

94; OECD 1996b; World Conservation Monitoring 
tadistica, Geografia e Informatica, UKDETR 1998a.
es 1990 data.
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manent land cover in exchange for retiring for a period of
10 years cropland at high risk of erosion. Between 1986
and 1992 this voluntary program saw the enrolment of
36,422,722 acres, and thus a reduction of soil erosion by
an average of 19 tonnes per acre per year (United States
Bureau of the Census 1996). As well, the Natural Resourc-
es Conservation Service (NRCS) conserved a total of
41,619,019 acres, including 16,211,566 acres of cropland
(Environment Canada 1991c: [9]10).

Soil erosion, however, does not mean soil loss.
Studies show that only a small percentage of eroded soil
is permanently removed from agricultural lands; most is
merely moved from one field to another (Easterbrook
1995: 388). Further, soil is continuously being created by
natural processes. The average rate of soil creation is
about 0.5 to 1.0 tonne per hectare per year. This is equal
to the rate of soil lost on lands with permanent cover (En-
vironment Canada 1991c: [9]10). Soil loss of less than 5
t/ha is difficult to see; losses in excess of 5 to 10 t/ha can
represent a potential for long-term damage to productiv-
ity (Environment Canada 1991c: [9]10).
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Solid waste

Solid waste has become a leading environmental issue in
recent years. Occasionally, it is even billed as a “crisis” be-
cause of the popular belief that there is a lack of landfill
space. The famous Mobro garbage barge episode in the
mid-1980s, in which the wandering barge appeared night
after night on the news, became the icon of the trash de-
bate in the United States.28

The management of solid waste involves decreas-
ing the amount of solid waste generated (reduce and re-
use) and disposed (recycle and recover). Canada and the
United States have adopted ambitious targets—as much
as 50 percent reduction and recycling of solid waste29 by
the year 2000. The United Kingdom has set targets for the
recovery of 40 percent of all waste generated in England
and Wales by 2005 (UKDETR 1998a). Mexico does not
have any recycling goals.

Reduction and reuse

There are several reasons to expect that the generation
of solid waste will increase as a country’s wealth increas-
es. The first and most obvious is that rising incomes lead
to rising consumption. The increase in single-person
households and in the number of women in the work-
place also may increase the amount of solid waste gener-
ated because both increase the consumption of small
packaged items.

A survey by the OECD tracks the total solid waste
and the amounts generated per capita by municipali-
ties.30 Overall municipal waste increased 38.1 percent in
the United States between 1980 and 1994, 43.7 percent
in Canada between 1980 and 1992, and 44.8 percent in
Mexico between 1991 and 1995. In the United Kingdom,
household waste increased 29 percent between 1980
and 1995 (figure 70). Solid waste generated per capita
increased 21.7 percent in the United States from the
1980 to 1994; 180 percent in Mexico between 1975 and
1995; 23.5 percent in Canada from 1980 to 1992; and
21.4 percent in the United Kingdom between 1980 and
1995 (figure 71).
Most solid waste is buried in landfill sites. The
United States disposes of 56.8 percent of its solid waste
in landfills and incinerates 15.6 percent (United States Bu-
reau of Census 1996: table 360). Canada disposes of 67.2
percent of its solid waste in landfills but only incinerates
3.0 percent (Christenson 1996). The United Kingdom dis-
poses of over 70 percent of its waste in landfills.31 Mexico
buries almost all of its garbage (99 percent) in either land-
fill sites or open air dumping sites (OECD 1997). 

The heavy reliance on landfills has caused the fear
that countries are running out of space for landfills but this
popular belief is unfounded. Although many landfills are
close to capacity, this is because they are designed to have
a short life span. Thus, they are always scheduled to reach
capacity and close within a few years of opening. There is
no shortage of room for landfills. A single square of land,
114 km on each side and about 37 metres deep, could ac-
commodate all of the garbage generated in the United
States for 1000 years.32 Canada would require about one-
tenth of this area. It is not a scarcity of land that inhibits the
siting of landfills and incinerators but rather the high price
of land close to urban areas and political pressure. When a
site is chosen for garbage disposal, it becomes unavailable
for other uses, and communities worry about odour, dust,
litter, and scavenging animals that have been associated
with landfills in the past. New sanitary landfill technology
now being used greatly reduces these problems.

Recycling and recovery

Concern about running out of space for landfills has made
recycling an increasingly popular alternative to disposal.
In the 1970s, many municipalities opened community re-
cycling depots. Local governments, grocery stores, news-
paper publishers, and the plastics, packaging, and soft-
drink industries jointly fund programs such as the Blue
Box program through which household newspapers, bot-
tles, and cans are collected on a designated day. Some
municipalities have expanded collection to include card-
board and rigid plastic containers.
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Figure 70: Total Municipal Solid Waste Generated in the United States, Canada, Mexico 
and the United Kingdom
Sources: OECD 1997, UKDETR 1998a.
Note: OECD Data up to 1985 refer to England and Wales only. UK data up to 1995 refer to household 
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Recycling, composting, and resource recovery all
affect the total amount of waste disposed but recycling is
not always economically feasible. In many cases, manufac-
turing products from recycled materials requires more re-
sources and energy and produces more pollution than
producing the same products from primary raw materials.
In addition, recycling is not always environmentally desir-
able (Wiseman 1992). For instance, McDonald’s decision
to discontinue the use of polystyrene hamburger packag-
ing has several unfortunate resource trade-offs. It requires
30 percent less energy to produce a polystyrene package
than it does to produce the paperboard alternative; this
means 46 percent less air pollution and 42 percent less
water pollution (Scarlett 1991). Finally, recycling is not
possible for all products. For example, it is impossible at
current prices and with current technology to recycle
burned out light bulbs, since these contain glass, interior
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coatings, adhesive cement, and two or three different
metals (Environment Canada 1991c: [25]7).

According to the OECD, paper and cardboard recy-
cling in the United States was 22 percent of consumption
in 1980 but increased to 35 percent by 1994.33 Glass re-
cycling climbed from 5 percent to 23 percent of consump-
tion over the same period. In Canada, paper and
cardboard recycling rose from 20 percent in 1980 to 32
percent in 1992. Glass recycling was 12 percent of con-
sumption in 1980, and rose to 17 percent in 1992. In Mex-
ico, glass and paper recycling remained constant at 4
percent and 2 percent of consumption respectively be-
tween 1991 and 1995. In the United Kingdom between
1980 and 1995, glass recycling increased from 5 percent
to 27 percent of consumption and paper and cardboard
recycling increased from 32 percent to 35 percent (figures
72 and 73).34
Figure 72: Recycling Rates for Glass in the United States, Canada, 
the United Kingdom and Mexico
1988 1989 1990 1991 1992 1993 1994 1995

United Kingdom Mexico
Source: OECD 1997. 
Note: UK data refer to Great Britain only.
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Figure 73: Recycling Rates for Paper and Card
the United Kingdom and Mexico

Source: OECD 1997.
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