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RESUME

Dans ce document de travail, nous présentons un résumé
de la recherche engagée dans la dé&termination d'un indicateur
de premi®re approximation de la qualité de l'air urbain, tel
que priésenté dans le Onazidme Exposé annuel du Conseil &conomique
du Canada. L'indicateur proposé et 1l'analyse des sources et
des effets de la pollution de l'air présentés dans ce document
visent 3 faire plus de lumiére sur les facteurs 3 l'oeuvre dans
ce domaine d'intérét.

Etant donné que les mesures relatives 3 la concentration
de 1'un ou l'autre polluant de l'air ne peuvent servir de fagon
satisfaisante & indiquer le degré de contamination de l'air
pour l'ensemble des polluants, il faut donc un indicateur qui
cumule les effets d'un certain nombre de polluants. L'indicateur
calculé de la qualité de l'air urbain exprime l'impact possible
combiné de plusieurs polluants, pondéré de fagon & tenir compte
de leurs effets distincts et conjoints sur l'environnement.

L'indicateur de la qualité de l'air urbain présenté
dans ce document porte sur 1l villes canadiennes représentant
environ 60 % de la population des centres urbains de 10,000
habitants ou plus, et il est calculé sur une période de trois
ans (1971-1973). Les valeurs de 1'indicateur laissent voir que
dans l'ensemble, la qualité de 1l'air dans ces centres urbains
s'est améliorée durant cette période. Les mesures utilisées
pour établir 1'indicateur agrégé permettent des comparaisons
entre les villes et entre les impacts relatifs des divers
groupes de polluants. Au cours de cette période, la qualité
de l'air s'est améliorée dans le cas de quatre des cing groupes
de polluants, et de dix des onze villes étudiées.

, Dans 1'établissement d'objectifs en vue de 1'amélio-
ration de la qualité de l'air, les décisionnaires doivent tenir
compte des cofits et des avantages découlant de la ré&duction d'un
polluant parmi plusieurs. Ce document souligne les effets
potentiels des polluants de l'air sur la santé, mais indique
aussi la nécessité de recherches beaucoup plus poussées sur
les effets globaux de la pollution de l'air, afin d'aider a
1'établissement d'objectifs, en particulier quant aux polluants
les plus dangereux.

Les programmes et politiques visant a réaliser les
objectifs énoncés quant a la qualité de l'air, doivent porter
sur la génération des polluants et leur émission dans 1l'atmos-
phére. Dans ce document, nous étudions les niveaux d'émission
et les tendances, ainsi que les principaux facteurs qui y
contribuent. Le document renferme &galement une bréve descrip-
tion des variables pouvant aider a établir le lien entre les
émissions et la qualité& de 1'air ambiant.

Il ressort de ce document quelques idées générales
quant 3 l'orientation que pourrait prendre de nouvelles recherches
concernant la qualité de l1l'air urbain.



ABSTRACT

This discussion paper presents a summary of the
research involved in the determination of a first-approximation
urban air quality indicator, as presented in the Eleventh
Annual Review of the Economic Council of Canada. The proposed
indicator and the associated discussion of the sources and
effects of air pollution presented in this paper are intended
to provide some insight into the factors at work within this
area of concern.

Since the measures related to the concentration of
any single airborne pollutant do not adequately serve as a
proxy for the presence in ambient air of all pollutants, an
indicator which aggregates the effects of a number of pollutants
is required. The calculated urban air quality indicator
expresses the combined potential impact of the several
pollutants, weighted so that their separate and joint effects
on the environment are taken into account.

The urban air quality indicator presented in this
paper covers 1l Canadian cities representing about 60 per cent
of the population in urban centres of 10,000 or more, and is
calculated for three years (1971-73). The values of the
indicator suggest that the quality of air of these urban
centres has improved overall during this period. The measures
that are used to derive the aggregate indicator permit com-
parisons between cities and between the relative impacts of
the various pollutant groups. Over this period, the quality
of the air improved for four of the five pollutant groups,
and for ten of the eleven cities studied.

To set objectives for improvement in air quality,
policy-makers must consider the costs and benefits associated
with the reduction in any one of several pollutants. This
paper emphasizes the potential effects of air pollutants on
human health, but it also suggests the need for much more
research on these and other effects of air pollution to aid
the setting of objectives, particularly with respect to the
potentially most dangerous pollutants.

Programs and policies designed to achieve the
benefits expressed by stated objectives with respect to air
quality must relate to the generation of pollutants and their
emission into the atmosphere. This paper considers emission
levels and trends, and the major factors which affect them.
It also describes briefly those variables that may be instru-
mental in establishing the linkage between emissions and
ambient air quality.

Some general directions that further research on
urban air quality might take are suggested throughout this
paper.
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Chapter 1

BACKGROUND

A. Introduction

Objective and Scope

Although much of Chapter 1 of this discussion paper
applies to the examination of any environmental condition,
the short-term objective of the research into first approxima-
tions of prineipal environmental indicatore has been to derive
measures of urban air quality that describe major components
affecting this quality, and provide a basis from which to con-

sider some of the factors at work in this particular subsystem.

We approach the examination of this subsystem with
due reservation. It would be quite straightforward to examine
any subsystem of the entire array of social, economic, and
environmental areas of concern 7f a comprehensive social
research framework existed, one which explicitly incorporated
direct and indirect relationships between all areas or sub-
systems. Such a framework does not exist. However, in
pursuing our research, subsystem by subsystem, the lines
of interconnection may be revealed and through successive
approximation, a total framework may evolve and revised
"second-approximation" indicators for each subsystem may

be derived within a "total reality" perspective.

We have defined our enquiry very narrowly in that
we have not explicitly examined the linkages between all

parts of the environmental subsystem. For instance, we
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know that air pollution can lead to soil and water pollution
since many airborne pollutants eventually return to the surface
in one form or other. Likewise we have not examined how these
three forms of pollution may combine to induce a disutility

in some target population. As an example of this complexity
one may well consider the case in which human activity
generates residuals that are initially found in the air.

Over time, many of these residuals will fall out and contribute
to the levels of residuals in the water and soil environments.
It may be, therefore, that a population could be affected by
the residual in question by breathing polluted air, drinking
polluted water, or eating food that contains the pollutant

as a result of its deposition directly on plant life or its
absorption by plants from soil upon which it has been deposited.
In an indirect way, given that man is at the end of the food
chain, air, water, and soil pollution that affects plant and

animal populations may eventually return to affect man himself.

Although we attempt to keep these complex factors
in mind throughout our investigations, we have only examined,
in an explicit way, some of the direct aspects of air
quality with particular emphasis on the relationship between
air quality and the human population. Thus the scope of
our research was limited by numerous factors not the least

of which was a time and data constraint.




Social Indicators!

Social indicators are considered to be the operative
parameters in the model of a particular socio-economic subsystem
or specific aspects of this subsystem. In this quantitative
dimension, the designated outputs of the subsystem and the
inputs that have a bearing on the outputs are combined to
permit something of an understanding of the functioning of
the subsystem, and to do so in such a way that trends over
time are apparent. In this quantitative orientation, social
indicators are not fundamentally normative in that direct
value judgments as to whether conditions or changes are
necessarily "good" or "bad", "too much" or "too little", are
not inherent in the wvalues of the indicators. Thus, our
first-approximation indicators are quantitative, relative

and non-normative.

Since our present investigations relate to one

aspect of the environmental subsystem, the atmosphere, it

is best to avoid the normative conclusions that are so often
drawn on the basis of a partial view of reality. If, for
instance, the concentration of airborne pollutants is reduced
as a result of, say, the strict imposition of certain regula-
tions on industry, it is impossible to say whether this is a
good thing or not; we would have to know the benefits arising

from the reduction in the negative effects caused by these

1p. W. Henderson, Soeial Indicators: A Rationale and Research
Framework, Economic Council of Canada (Information Canada:
Ottawa, 1974). This work provides the general conceptual
basis for our investigations into environmental, as well as
other, indicators.
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same pollutants and the cost to individuals and the society
of factors such as any reduction in profitability or the
shutdown of marginal plants (along with any associated impact
on investment, employment, and income), before any statement

as to the net total effects could be made.

We seek, therefore, to make statements, though our
derived indicators, of how air quality conditons have changed
from the viewpoint of the possible direct environmental effect
on populations potentially affected by such changes. 1In the
context of the example discussed above, a reduction in the
concentration of airborne pollutants for a given population
will make the indicator of "pollution" fall, regardless of

whether other socio-economic indicators show improvement or not.

As suggested by the above comments, environmental
indicator statistics, by themselves, can only be of certain
help to those who set goals and objectives and select policies
and programs for society, since these measures represent
only one aspect of the many that should be taken into con-
sideration. However, the usefulness of any economic, social,
or environmental indicator can be increased by supplementing
it with a description and explanation of some of the factors
which influence changes in the indicator. This paper and
the material derived from this research which is included in
the Fleventh Annual Review of the Economic Council of Canada
therefore examine some of the effects of air pollution, the

environmental conditions which give rise to these effects, and



the human activities which contribute to these conditions.
The intent of the investigation is to provide some assistance
to those who set objectives related to effects and to those
who set policies or strategies (related to sources of
residuals) designed to achieve these objectives. This

paper reports on the research undertaken over an eight-

month period and presents our findings in terms of an urban
air quality indicator and several sub-indicators which are
consistent with the definition of social indicators stated

above.

Background

Canada is a vast country. As others have suggested,
if the residuals of human activity in Canada were or could be
distributed over the land, water and air expanses below the
Artic and sub-Artic areas, there is little doubt that "pollution",
in any real sense, would be relatively unimportant. Nature
has a capacity to assimilate or adapt to at least small
concentrations of most elements and compéunds. Op-Eha
problems that may exist, most are the result of the scale
of residual generation in local or regional contexts. Large
urban centres and/or large-scale, geographically concentrated
industrial activity centres are of particular concern in our
investigations. These are the centres of both massive
residual generation and of human populations potentially
"at risk". We recognize that environmental damage may occur
within a nonurban context as well, particularly in cases where

the residuals are slow to degrade by reason of their chemical
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natures (pesticides for example) or because the local
environment is not capable of rapid assimilation of residuals
of most sorts (as in the Arctic and sub-Arctic areas of

the country). In any context, whenever the capacity of

the environment to assimilate residuals is exceeded by

the deposition of residuals into the environment, the
conditions for "pollution" exist. There are conditions

in which an excess of residuals may have no discernible
effects on man, plants, or animals (e.g., gravel deposits,
and sanitary land fill matter) and, as such, these would

not fall into our definition of pollution.

We thus perceive "pollution" to describe conditions
wherein residuals of human activity are in excess of the
environmental assimilative capacity at any moment in time
and, wherein this excess, by itself or in conjunction with
other natural and human conditions, has a significant
potential to affect humans adversely and/or to cause damage
to plant and animal life. This definition permits us to A
talk about "acceptable" levels of pollution. In other words,
it seems realistic to admit that a series of trade-offs
exist within the range from zero pollution generation to a
high degree of pollution, trade-offs that describe real-world
situations where the costs of "pollution" are weighed against
the benefits derived from human activities that lead to

residual generation.

Attention is drawn to the implication that there

are three segments to this conception of the environmental



system; human generation of residuals (from production and
consumption), the resulting conditions of the ambient air into
which these residuals are passed, and the effects or impacts

of these conditions caused by any excess of residuals left

after assimilation, dispersion, and other factors have acted

on the generated residuals. There is, therefore, a time dimension
to be considered as well. For instance, an excess of a residual
in the ambient environment may exist for only a moment, or it

may persist for some time. This excessive residual (which we
label a "pollutant") may dissipate quickly or it may accumulate

in the environment over time.

It should be obvious, because of these time consider-
ations alone, that the linkages between residual generation,
environmental conditions, and the impécts of pollutants are
extremely complex. The linkages which are probably the most

important are listed in Figure 1.

Figure 1
AN ENVIRONMENTAL SYSTEM STRUCTURE

GENERATION

Amount and type of residual genera?ed !
Mcthod of disposition into the environment
Rate of release to the environment

\\\\\\\‘* Linkage

Natural conditions (e.g., meteorological conditions)
Other pollutants (e.g., from forest fires)

Total assimilative capacity of the environment

Time and interactions

CONDITIONS

Ambient environment concentration of pollutants
\\\\\\\\‘Linkagc

Natural conditions

Sensitivity of population at risk or target
Size of population at risk

Time and interactions

EFFECTS

Health impact on humans, animals, and plants
Effects on physical environment




Because we perceive pollution to have some negative
effects, it seems logical to ascertain just what effects
(if any) may have arisen in conjunction with excesses of

residuals in the environment.

B. The Effects of Pollution

Direct Effects

A considerable body of research related to the
effects of pollutants on human populations, plant and animal
life, and the physical environment already exists.? This
research indicates that the effects of pollutants are related
both to the duration and level of exposure on the one hand,
and the susceptibility of the "target" to single and groups
of pollutants on the other. When a single target is exposed
to a number of pollutants, it appears that the effects of the
pollutants within a particular array can be additive, syner-

gistic, or neutralizing, depending on the pollutants.

In respect of the concentration consideration,
much of the public awareness and concern has related to
acute exposures of targets; that is short-~-term, high con-
centration exposures particularly associated with "disasters"
at which times the human death rate has jumped significantly
or plant or animal life has suffered significant physical

damage. Generally, research has focused on one and sometimes

2The bibliography to this paper is presented by subject matter
to aid the reader should he or she wish to examine: emissions,
ambient air, emissions and ambient air, impacts, and general.




two pollutants; an association has been found between peaks
of pollutant concentrations of these select pollutants

and the damage suffered by a target, and conclusions have
been drawn as to cause and effect. On the other hand,
research into the possible effects of low-level, long-term
exposure to pollutants is less well developed, although
cross-sectional analysis, which may pick up an association

between some result and generally prevailing environmental

conditions, has been undertaken by a substantial number of
authorities. In all, there has been a tendency to omit a
number of pollutants from equations designed to explain the
observed changes or differences in certain characteristics
of the target population over time or from place to place.
In addition, there has been too little recognition, outside
the field of epidemiology, of the fact that pollution may
either cause a reaction or aggravate arpre—existing condition
in the target population. If, as is the case in most
epidemiological studies, a pollutant or several pollutants
aggravate a pre-existing condition or susceptibility, all
the factors that bear on the total body burden must be known
if we are to understand why such aggravation occurs. For
example, smoking habits probably play a major role in the
susceptibility of certain individuals to the ill effects of
some ambient air pollutants. An alternative way to identify
the various effects is to expose sample populations to
pollutants in a laboratory setting where all other factors

can be controlled. Some such work has been carried out with

plant and animal targets being exposed to one or two pollutants
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for various times and at various concentrations; one cannot
work so freely with human subjects at extreme exposure

levels.

Still, experience derived from medical examinations
of patients (or cadavers) who have been exposed to high
concentrations of pollutants by accident or at work allows
experts to generalize as to possible community effects based
on the specific reaction of these victims.3 To a considerable
extent, critical reaction has occurred at exposure (time and
concentration considered) levels far in excess of ambient
(community) conditions. At the levels of pollution to which
members of the community are exposed or expose themselves
(as in swimming in a stream or lake known to be polluted),
human reaction seems to vary from minor (perhaps best
illustrated by skin’'rashes or eye irritation) to moderate
(hospitalization for a pollution-related cause). Deaths
associated with community-wide pollution generated by human
activity have not been documented in Canada to date (to
the authors' knowledge), with the rare exception of certain
typhoid and paratyphoid deaths connected with accidental
pollution of drinking water. A recent examination, on a
cross-section basis, of morbidity in a number of Canadian

cities revealed no significant role for two air pollutants;

3Numerous incidents of isolated acute exposures that warn

of the possible effects of community exposure to very high
levels of particular pollutants can be found in the literature.
For example, Harry Heimann, "Status of Air Pollution Health
Research, 1966", Archivee of Environmental Health, Vol. 14,
March 1967 (pp. 488-503) provides a summary of such incidents
related to a number of highly toxic pollutants; arsenic
compounds, mercury, beryllium, lead and others.
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lead and particulates.“ This, of course, does not rule out
any yet undetermined effects on morbidity or mortality of
longer-term exposure to low or medium levels of other

pollutants.

Our definition of pollution states that disutility
arises from an excess of residuals in the environment. A
complete examination of pollution-related effects on human
beings, animals, plants, and/or the physical environment,
through direct and indirect channels, would seem to be
required to understand the full impact of pollution. This
reaches far beyond the scope of our present work. Given
the scarcity of research results to do with the effects of
ambient pollution within a Canadian context, we have under-
taken an examination of the human response (in terms of
hospitalization for respiratory conditions) to ambient air
pollutant concentrations for three cities (see Chapter 3).
The objective of this examination was to provide some indica-
tion of the relative importance of several airborne pollutants
generally found and measured in a number of urban centres.
One of our observations is that pollution of ambient urban
air in Canadian cities has only some direct impact on the
respiratory tracts of the segments of the population most
susceptible to hospitalization for these categories of health

conditions.

“Joel Diena, "Have the Health Effects of Air Pollution Been
Oversold? - The Canadian Experience", Proceedings of the
Speceialty Session, 67th Annual Air Pollution Control
Association Meetings, June 1974, Denver, Colorado, pp. 23-27.
Mr. Diena's examination of morbidity related to respiratory
conditions considered lead and particulates only.
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However, from what we have stated before, our inves-
tigations do not imply that airborne pollutants are correspondingly
limited in their full impact. Obviously, long-term, low-level
exposure could be contributing to a wide variety of health
problems, including those that are not sufficiently severe to
warrant hospitalization. Because our indicators are not
"qualitative" and thus do not incorporate consideration of
perceptual disutilities, there may be many direct effects,
real or perceived, besides contributions to respiratory ail-
ments. As well, we have not carried out any analysis of damage

to plants, animals, and the physical environment.

Indirect Effects

Because man is perceived to be a part of the
ecological system, consideration of pollution damage to the
nonhuman environment must be incorporated into any compre-
hensive calculation of the effect of single pollutants or
groups of pollutants. These indirect effects on the human
population are even less well understood than the direct
effects. This situation calls for scientifically based
development of "ecological impact indicators" particularly
since the species affected within even a very small area are
numerous and, therefore, the magnitude of required sampling,
in terms of individual plants and/or animals, would be
extremely large. Briefly, these indicators would "measure
certain variables that indicate the presence or cqnditions

of phenomena that cannot be measured directly".> Some species

SNorman E. Cooke, "Some Practical Details About Environmental
Impact Assessment", Proceedings: Environmental Impact Assess-
ment Seminar, sponsored by the Canadian Manufacturers'
Association, Toronto, October 16, 1973, p. 42.
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could be described by certain indicator groups consistent
~with biological classifications such that, given food chain,
predator-prey, or other relationships, a change in any section
of the groups should bring about some deviation from the
normal in the sample indicators. Such a system of indicators
would be able to pick up changes due not only to destruction
of one part of the biological chain but also those due to

any enforced migration to or from the environment being

monitored.

As man is part of the biological network, the
linkages between the direct effects on plants and animals
of pollutants created by human éctivity, and the eventual
(indirect) impact on man himself must be examined most
carefully in the future. These linkages, at present, are

not specifically defined.

Summing the Effects

Given that the effects of pollution are many and
complex, it was necessary for us to rely on the evaluation
of impacts made by the scientifically oriented experts in
the field. 1In order to compile aggregate measures or
indicators of the potential impact of pollution on a target
population, it is necessary to find a common denominator
for all the pollutants. The base which we have chosen is

the relative severity of impact of each pollutant at a given
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level of concentration.® 1In addition, it is necessary to
incorporate consideration of the fact, derived in laboratory
tests,’ that two or more pollutants jointly may have a

greater impact than merely the sum of the separate effects

of the two or more pollutants. In Chapter 2, the calculations
of relative severity factors and synergistic effects are

presented.

C. The Condition of the Environment

Earlier we defined pollutants as those excess
residuals in the environment that have a significant potential
to cause negative effects on living organisms and the

physical environment. The condition of the environment

6The concentration considered for the gaseous pollutants is
with respect to parts per million in air. The solids which
are measured as a coefficient of haze, the light blocking
characteristics of particulate matter suspended in air, is
converted to an equivalent value by assuming that, at the
criteria for desirable ambient air conditions, the relative
severity of sulphur oxides times the concentration (in ppm)
at criteria is equal to the relative severity of particulate
matter (in coefficient of haze terms) times the relevant
reading at criteria. This ratio, in the case of two
published criteria, implies that 10 coefficient of haze
units approximate 1 part per million of sulphur dioxide.

The San Francisco criteria (see Lyndon R. Babcock, Jr.,

A Combined Pollution Index for Measurement of Total Air
Pollution, a paper presented at the 63Y¥d Annual Meeting
of the Air Pollution Control Association, St. Louis, June
1970, p. 12), and the Province of Ontario criteria (see
Air Quality Monitoring Report, Ontario, 1972, Volume 1,
Ministry of the Environment, Ontario, Toronto, 1974, p. 10)
both support this relative severity criteria ranking.

For instance, 12 volumes of laboratory results on the effects
of various combinations of sulphur-based compounds and/or
particulates on animals have been published by the Hazleton
Laboratories, Inc., Vienna, Virginia. The tests represented
by these reports were carried out over the years 1969 through
1973 and were financed by the Electric Research Council of
the United States.
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that we would hope to have represented by an indicator

is the concentration and the duration of concentrati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>