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ABSTRACT 

The effect of air pollution on human health has been studied 

extensively since the 1930's. Different study methods have 

produced results indicating that specific air pollutants, 

singly or in combination, impact on lung function. 

This report reviews study results of two research methodo­ 

logies involving human volunteers: environmental chamber 

studies and epidemiology studies. Chamber studies allow 

precise assessment of the change in lung function which may 

result from exposure to a known pollutant concentration for a 

specific time period. The exposure time in such studies is 

relatively short, making it difficult to adjust for the 

effects of adaptation and the clinical 

function changes may not be apparent. 

significance of lung 

Epidemiology 

improved 

detected 

examine respiratory morbidity among 

free-living populations. Recent epidemiology studies utilizing 

techniques and study designs have 

selected air pollutants in study 

studies 

measurement 

effects 

populations with 

of 

respiratory illness. The results of these 

studies and their impact on future research are discussed. 





5 

TABLE OF CONTENTS 

Page 

ABSTRACT 3 

TABLE OF CONTENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

2 

3 

RESEARCH METHODS 

ENVIRONMENTAL CHAMBER STUDIES . 

3. 1 Sulphur dioxide . 

3.2 

3.3 

4 

Nitrogen dioxide 

Ozone 

3.4 Other pollutants 

3.5 Pollutant mixtures and ambient air 

pollution . 

3.6 Summary . 

EPIDEMIOLOGY STUDIES . 

4. 1 

4.2 

4.3 

Early studies 

Recent cohort studies 

Summary 

7 

1 1 

1 2 

1 2 

1 3 

1 4 

5 REFERENCES 

1 4 

1 5 

1 5 

1 5 

1 8 

2 1 

22 

APPENDIX A: Respiratory illness and air pollution 

A. Epidemiologic studies 3 1 

APPENDIX B: Respiratory illness and air pollution 

B. Environmental chamber studies 49 





7 

RESPIRATORY ILLNESS AND AIR POLLUTION 

INTRODUCTION 

One of the many problems facing governments in the world today 

is the promulgation of laws to limit the levels of pollutants 

which are to be allowed within their environments. It is, 

first of all, not easy to ascertain what the concentrations 

of these various materials are in air, water, food, and soil. 

Having surmounted that technical hurdle, the far larger 

barrier then looms of determining which substances should be 

controlled, based on adverse human health effects, and com­ 

plicated by economic considerations. Determining what 

constitutes an "adverse human health effect", which at first 

glance may seem to be simple, is extremely difficult. We are 

dealing with a multitude of substances which may, singly or in 

combination, cause effects so subtle as to be lost in the 

general array of human complaints or so delayed in action as 

to render cause and effect relationships virtually impossible 

to deduce, much less prove. This paper reviews research 

efforts to determine the association between adverse health 

effects in the human respiratory system and 

pollutants. 

selected air 

2 RESEARCH METHODS 

There have been numerous attempts to investigate the possible 

relationships between levels of air pollutants and adverse 

human health effects. These fall into three categories, based 

on approach: 

1) Laboratory animal studies, in which small and shorter­ 

lived species are exposed to unusually high levels of a 

single substance or a mixture of several substances in 

an attempt to predict human responses based on those in 

animals. 
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2) Environmental chamber studies, in which groups of human 

volunteers are subjected to controlled and measured 

levels of one or several substances over a period of 

time rarely exceeding eight hours. Selected physio­ 

logical parameters are measured before and after ex­ 

posure to determine whether any acute adverse effects 

result. 

3) Epidemiological studies, in which researchers seek to 

determine health effects through examination of general 

or selected populations exposed to pollutants in ambient 

air. There is no interference with subjects' usual 

living pattern. These studies may focus on mortality or 

morbidity and fall into three main design categories: 

al the cross-sectional design in which a sample 

of people to be measured is randomly drawn 

from one or more locations; the number of 

cases of a disease is counted and histories 

are taken to determine what exposures people 

have had to the risk factors being studied. 

This means that both the cause and the 

effect measurements are made at the same 

point in time. 

bl the case-control (or case-comparison) design 

involves selecting people with an illness 

(case) and people without an illness 

(control or comparison) The exposure that 

both groups had to air pollutants is 

estimated from personal histories and 

statistical analysis determines whether the 

cases had significantly greater exposure to 

pollutants. 
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C ) the cohort study is one 

subjects (the cohort) 

selected 

years) 

period 

and 

of 

changes 

in which a group of 

is followed for a 

time (often months or 

in levels of air 

pollution are compared to changes in health. 

Each approach to studying the effects of air pollutants on 

human health has advantages and disadvantages. The animal 

laboratory studies provide the opportunity to control all the 

factors that might influence response but it is uncertain how 

applicable results in non-human animal species are to human 

populations. Failure to reproduce in another animal a cause­ 

effect association that is suspected in man may be a reflec­ 

tion of man's unique characteristics in regard to that par­ 

ticular association. 

Environmental chamber studies resulted from speculation about 

effects of air pollution in human volunteers. Studies in the 

1960's tested responses of healthy subjects to one or a 

combination of air pollutants. More recently chambers have 

been adapted to expose subjects to ambient air that is 

monitored for concentratons of selected components. Early 

studies indicated that selected pollutants could cause reduced 

lung function in healthy subjects. It was then hypothesized 

that there would be a more pronounced reduction in persons 

with hyper-reactive airways or with actual disorders. 

Therefore, volunteers with hyper-reactive airways disease, 

such as asthma, were selected for chamber studies along with 

healthy subjects. Chamber studies have the advantage of 

controlling the environment and the period of subject 

exposure. It is, however, difficult to relate chamber study 

results to air pollutant exposure effects in free-living 

populations because the exposures are for short time periods 

and, until recently, only exposed volunteers to selected 

pollutants, not to ambient air mixtures. There are also 

ethical considerations about chamber studies because volun­ 

teers are exposed to selected pollutant concentrations greater 

than those in ambient air and the studies are designed to 

potentially induce an adverse respiratory response. 
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Epidemiologic 

determine the 

study techniques 

relation between 

have also been employed to 

air pollutants and health 

effects. Acute episodes of increased concentrations of 

pollutants and subsequent increased mortality and morbidity 

were documented by cross-sectional studies as early as the 

1930' s ( 25, 26, 27, 28, 29). These studies identified the need 

for further research to examine the respiratory effects of a 

range of air pollutant concentrations. Such studies were 

economical because data on both exposure and response were 

gathered at the same time during a brief period. Because the 

increase in pollutant concentrations was large and occurred 

over a few days during the acute smog episodes, the 

association between cause and effect was easily distinguished. 

Usually, however, cross-sectional studies are limited to 

research of causes that are reasonably permanent 

characteristics of individuals (for example, blood type) so 

that there is a high probability that the status of the cause 

in people is the same at the time of the study as at the time 

the disease was induced. In the studies referenced above, the 

likely cause of increased morbidity and mortality was 

increased pollutant concentrations. Particular pollutants 

could not be identified as causing the responses and little or 

no allowance could be made for confounding factors such as 

age, sex or social status. 

Case-control (or case-comparison) studies, a second type of 

epidemiological study, have not been used often to research 

the effects of air pollution in persons with acute respiratory 

illnesses. The study approach is to select some people with a 

disease and some without. Then the frequency with which each 

person was exposed to the possible causative agent must be 

determined through personal histories recalled by the 

subjects. This methodology eliminates the possibility of 

quantifying the subjects" exposure because air pollution 

concentrations have not necessarily been monitored near the 
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subjects. 

"low" periods 

agents cannot 

is also not possible to identify what 

aside from the 

response. 

Cohort studies are designed so that exposure to air po11utants 

determined prior to or during 

monitored 

symptoms. This means that air pollutant concentrations can be 

measured continuously 

with respiratory diseases 

such 

the 

other 

as 

air 

General impressions of "high" pollution periods and 

can 

be. Since the study occurs after the effect it 

po11ution 

pollutants 

to determine whether 

po11ution 

This methodology 

types 

control must 

of 

be identified 

for 

themselves, 

a 

that 

the 

but 

have 

individual 

confounding 

study and 

intermittent 

the air pollutants are monitored. When the study 

causative 

variables, 

might have caused a 

subjects are 

they develop respiratory 

selected time period. Subjects 

symptoms, 

asthma or bronchitis, are monitored at the same time 

is complete 

analysed for associations between the two types of variables. 

episodes 

be 

variables and the health variables can be 

permits accurate quantification of exposure 

and response at the time they occur which is not possible with 

studies. 

sectional studies and can be inconclusive if there are no high 

during 

measurement is critical to this method's success 

rigorous. 

It is more expensive than cross- 

the 

This 

selected 

type of 

study period. Good 

study, 

conducted, can potentially distinguish causative 

the array of exposure variables being measured. This advantage 

makes it the method of choice for studies of acute respiratory 

health effects of air po11ution. 

3 ENVIRONMENTAL CHAMBER STUDIES 

Certain 

been 

air pollutants, singly and in combination with other 

pollutants, and their effects on 

studied extensively. These pollutants, most of which are 

regulated by national governments, 

oxides of nitrogen 

respiratory 

(NO ) , 

include 

and quality 

if we11 

agents 

function 

from 

have 

sulphur dioxide 

carbon monoxide (co) 1 

ozone (03) and particulates 
X 

(TSP). Results of studies on these 

po11utants are discussed in detail below. 



1 2 

3 . 1 sulphur dioxide 

In chamber 

volunteers Jaeger et al. 

on either 
3 µg/m ) so

2 
included light exercise with exposure at levels varying from 

3 
0.10 to 1 ppm (285-2850 µg/m ) so

2
, they concluded that 

exercise 

al. (34) detected small but significant increases 

resistance 

oronasally, as opposed to only oral breathing, the method used 

in several previous studies. This conclusion was supported in 

a study by Kirkpatrick et al. (38) 

observed 

induced bronchospasm. Tan et al. (37) detemined that 

treatment prior 

atopics but had varying responses in asthmatics. The majority 

of these chamber studies indicated that so
2 

had some adverse 

effect 

3.2 

Chamber 

very 

on 

volunteer 

for 3 hours. 

increased 

by 

studies 

after 

Koenig 

lung 

volunteers 

results. 

with 

Orehek 

volunteers to 0.1 

carbachol 

asthmatics 

subjects' 

significant 

to 

of 

group 

SO -induced 
2 

so 
2 

et 

=. 
( 3 2 ) 

However, when 

so
2 

exposure could block the response in 

function 

Nitrogen dioxide 

lung 

et 

inhalation, 

al. 

results were 

determined there 

after 

exposure with 

al. ( 35) also demonstrated exercise- 

decrease 

had 

in 

( 3 9), 

using 

some 

analyzed 

healthy 

exposure to 0.5 ppm (1425 

Sheppard 

bronchoconstriction. Linn et 

both 

3 
ppm (205 µg/m ) N0

2 

versely and some who did not respond. 

Eight 

subjects 

atopic 

healthy 

was 

high but all exposures were for a few hours only 

subjects to so
2 

alone. 

function disorder 

after 

They 

and asthmatic 

no effect 

et 

and 

yielded 

al. ( 3 3 ) 

for an hour 

together 

in 

there 

airways 

breathing 

asthmatics 

selected 

and asthmatic 

subjects. The level at which a response was induced was fairly 

exposed 

studies of the effects of N0
2 

in healthy subjects and 

variable 

exposing 20 asthmatic 

prior to 

subjects who responded ad- 

concluded that 

low levels of N0
2 

can adversely effect some asthmatics. 

Asthmatic, bronchitic and normal volunteers were exposed to 
3 

0.50 ppm (1025 µg/m) N0
2 

for two hours accompanied by light 

exercise by Kerr et al. (40). The results were varied but 

reported more symptoms than bronchitics. When all 

was a 

in selected lung function variables but 



1 3 

no decrease was detected when groups were analyzed separately. 

Kleinman et al (43) also detected a decrement in lung function 

after 31 

Although 

asthmatics were 

the 

exposed to NO 
2 

decrements did not 

during light exercise. 

attain statistical 

significance there was a definite tendency toward lowered lung 

function after N0
2 

exposure. As with the SO 
2 

chamber studies, 

the NO studies 
2 

indicating 

all the studies there was a definite tendency toward a decline 

in lung function after exposure. 

3 • 3 Ozone 

Effects of 

extensively 

healthy, 

exposure 

increased 

had 

subjects. Lategola et al ( 54, 

designed 

that 

groups 

function 

and 

adverse 

during 

the 

of 

non-smoking adults, Golden et al. ( 53) found that o
3 

had 

then, 

in 

ozone 

little 

bronchial reactivity for as long as a week in some 

to duplicate 

study 

Initially there was 

few statistically 

affected lung function adversely but in 

response 

exposure 

adaptive 

exposure 

environmental 

during 

to 

but 

process 

a 

effect 

aircr,aft 

the 

ozone 

in humans 

chambers. 

on 

55) 

airway 

in a 

second weeks' 

significant 

has 

In 

resistance 

series 

conditions, 

nificant effects on symptoms and spirometry in 

significant decrease 

exposure 

indicates that adverse effects may not 

and 

a 

been 

study 

detected 

two 

of 

subjects. They concluded that the threshold 

for reversible airway effects from ozone exposure was 0.3 ppm 
3 (640 µg/m) after three hours. In 1982, Kulle et al. (56) 

chose 24 healthy, non-smoking volunteers and exposed them to 
3 0.4 ppm (850 µg/m o3 for 3 hours per day for 3 weeks. 

in 

were noted. Apparently the volunteers adapted to the 

some lung 

variables but after a few days no further decrements 

exposure, 

decrements were noted. These studies almost all 

ozone levels for a while. Further exposure may 

of 

results 

studied 

of 

but 

studies 

sig­ 

three 

exposure 

further 

indicated 

continuously 

then 

8 

it 

an 

Kulle's work also 

increase 

that some people may adapt to increased 

overcome 

and another decrement in lung function 

may occur if exposure is continued for two or more weeks. 
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3.4 

Other 

decrements to other pollutants. Dahms et al. (50) 

decrement 

exposure to 

function decrements 

volunteers. 

spirometry 

in a study by Hackney et al. (51) but effects varied depending 

on 

Hackney's study with adverse responses detected in 

but not in healthy subjects. 

3.5 

A series of environmental chamber studies in which volunteers 

were exposed to combinations of 0
3
, N0

2
, so

2 
and CO 

to 

Other pollutants 

chamber 

in 

temperature 

ambient 

study researchers have observed lung function 

asthmatics 

cigarette 

Sulphate 

and 

smoke. 

( 4 9) 

exposure 

variables in asthmatics but not healthy volunteers 

humidity. 

Pollutant mixtures and ambient air pollution 

air detected responses to those pollutants singly 

and in combination. In one study (42) little effect was 

after exposure to N0
2 

, so
2 

and 0
3 

significant adverse effects after 

Additional 

significant 

in 

o
3 

exposure 

exposures, 

the 

combination 

results varied. 

previous 

exposed 

exposures 

decrement. 

and 

as 

study 

concentrations 

no 

they 

two studies in which 

to ambient 

to NO 
2 

Von 

and when 

increased 

Linn 

had 

but 

et 

differences in results were due 

healthy 

not 

Hyperventilation 

in groups of asthmatic and healthy 

produced 

Utell 

exposure 

and 

Nieding 

exposed 

effects 

al. 

to 

and 

air while 

in 

co 

to 

et 

et 

healthy subjects with 

a 

al. ( 52) confirmed 

to 

produced 

lower 

al. 

after 

found no 

pulmonary decrement, a result that conflicted with 

caused 

decrease 

( 4 5 ) 

ambient 

asthmatic 

exercising. 

detected a 

lung 

in 

asthmatics 

and 

Another study (44) detected 

contrasted markedly. In the first study the 

ozone 

no 

The 

alone. 

further 

measured 

similar decrements when subjects were exposed to N0
2 

and so
2 

and 

also 

seen 

simultaneously. Kagawa (46) detected significant effects after 

and 

did Hackney. When Avol et al. (48) and Linn et 

al. (47) exposed healthy and asthmatic subjects to ambient air 

significant 

a similar 

conducted. They concluded that the 

pollutant 

during the second study. Avol et al. completed 

subjects were 

subjects 

results 

showed 

statistically significant reductions in lung function when the 
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3 
ozone level was 0.165 ppm (350 µg/m ) and TSP was 

The second study showed smaller mean responses but the ozone 
3 3 

level was 0.156 ppm (330 µg/m) and TSP was 166 µg/m . 

3.6 

Environmental 

evidence, at 

effect 

to 

population-based 

and 

has 

tion 

Summary 

confirm or 

health 

a 

therefore results 

another. 

4.1 Early studies 

Epidemiology 

adverse 

chamber 

least 

human health adversely. Epidemiologists have attempted 

Because 

health 

an 

studies 

refute 

studies 

indication 

with subjects' usual living 

chamber 

in which there was no interference 

responses were measured while subjects continued 

with their normal activities. A difficulty with 

studies is that measurement techniques are critical to success 

and they are still being improved. Also, each 

characteristic mixture 

from one 

resulted in, if not clear-cut 

of 

study 

that 

study 

227 
3 

µg/m . 

patterns. Environmental 

area 

is always the risk that there has not been 

elusive statistical analysis. 

4 EPIDEMIOLOGY STUDIES 

effects of outdoor air. Schoettlin 

effects 

and 

various 

results 

may 

Landau 

study 

not 

( 1 ) 

pollutants 

sufficient 

through 

factors 

epidemiologic 

location 

environmental pollutants, 

represent 

studies can span only a finite period there 

varia- 

in air pollutants during the study period to permit con- 

studies in the 1960's and 1970's mostly measured 

detected 

in asthmatics when the oxidant level 

was greater than 0.25 ppm. 

asthmatic 

the high 

attacks 

exposure. 

(4) the asthmatic attack 

Zeidberg 

with 

increased as 

rate was 

et al 

the degree 

( 2) 

of 

increased. An important aspect of Zeidberg's findings was that 

they determined the adverse effect of so
3 

was greater one day 

after exposure to the highest concentration than on the day of 

In a study of asthmatics by Cohen et al. 

significantly 

found that 

sulphation 

correlated 

each of several pollutants (particulates, so
2

, sulphates 
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and nitrates) after the analysis was adjusted 

temperature. 

pollutants, singly or in 

outdoor study 

increased bronchial reactivity was associated with 

pollutant 

identified. 

Inconclusive 

information. 

correlation with 

visits by people complaining of asthma symptoms and 

=. 
visits was conducted at two different 

data were 

authors concluded that so
2 

was not necessarily 

agent 

was disseminated in a daily pattern similar 

study 

air. 

concentrations. 

because many 

insufficient 

Other 

A 

studies ( 6 ' 12, 14) detected effects of 

combination 

of 

that were 

bronchitics ( 3) 

was due 

while the 

symptoms. 

for 

concluded 

concentrations but specific pollutants could not be 

In the 

but 

( 7) 

strongly 

might 

in 

1970's 

epidemiology 

Goldstein 

increased number of hospital emergency room 

However, 

correlated, 

Houston, 

second 

Samet's 

and 

studies 

Block 

the 

can 

( 5 ) 

study 

the 

found 

of 

provide 

emergency room 

locations. 

to 

the 

change 

present 

a 

increased 

increased 

One 

of 

in 

that 

useful 

strong 

area's 

second area's not. The 

causative 

implicate another confounding variable that 

so 
2 

Another 

Texas, produced inconclusive results 

air monitoring 

air monitoring 

values were missing due 

efforts. 

concluded the reason for inconclusive results in 

to difficulty with health measurement. Subjects were 

unable to distinguish selected medical 

they experienced. In a study by Samet et al. ( 12) two analysis 

techniques were employed. One produced no significant 

detected a small but significant effect of 

total suspended particulates and so
2 

on increased 

results 

increasing 

indicate 

innovative statistical analyses. Some 

problems 

a 

analytical 

pollutants such as cigarette smoke and N0
2 

Keller 

need 

et 

their 

to 

al. ( 8) 

study 

from others 

results 

respiratory 

for careful, 

techniques 

are not appropriate for application to particular sets of data 

and can produce inconclusive or spurious results. 

interest in the effects of indoor 

from gas cookers 

and heaters was reflected in research. Studies by Weiss et al. 

(10), Hasselblad et al. (11), Comstock et al. ( 1 3 ) 1 Lan and 

Shy ( 1 5 ) and Aderele (20) all detected increased respiratory 
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symptoms in both asthmatics and healthy people if there were 

smokers 

effect was associated most strongly with 

household who smoked and was in most frequent contact with the 

respondent, the mother. 

conclusions; 

were less frequently near the responsive subject smoked in the 

presence 

cigarette smoke 

identified 

of effects of air pollutants on human health 

Gas cookers and heaters have been shown to effect respiratory 

function or symptoms in studies by Speizer et al., Comstock et 

al. and Melia et al. Speizer et al. ( 9) determined that there 

was a 

and increased 

Comstock's study men whose household had gas cooking were at 

greater 

than those whose household had electric cooking. Melia 

( 1 8 ) 

significant association between presence of gas cookers 

measured 

different rooms 

detected no statistically 

the 

studies 

in 

of 

risk 

of 

some increased 

indicating a 

the 

that 

the 

house. 

on 

subject. 

effects 

need 

the 

of 

adverse 

to 

In two of these studies the smoking 

Aderele (20) 

In 

respiratory 

either 

function 

respiratory disease 

of having each of several 

significantly 

in households. 

health 

different 

In a 

significant 

prevalence of having one or more 

living room. However, the prevalence of 

studying the effects 

characterize 

the 

came 

second 

to 

response was greater when smokers who 

case, 

has 

person in the 

and this factor should be accounted for in studies 

before 

the 

the 

been 

age 

respiratory symptoms 

levels 

study 

opposite 

impact of 

clearly 

two. In 

et 

of N02 
( 1 9 ) 

al 

in 

they 

relation between the 

respiratory 

having 

conditions 

average weekly levels of N0
2 

in either the bedroom or the 

one or more 

respiratory conditions tended to be highest in homes with high 

levels of N0
2 

and lowest in homes with low levels. 

effects with 

indoor 

The 

N02 on respiratory function detected 

particular and indoor air pollutant sources 

average person spends approximately 90Z of 

increased 

and 

three 

sources in 

in 

his 

general when 

of air pollutants on human health. The 

time indoors 

( 3 0 ) and monitoring and data analysis should be designed to 

include the impact of indoor environments as well 

pollutant levels on human health. 

as outdoor 
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4.2 

Recently 

previous studies and 

have 

Recent cohort studes 

several epidemiology 

recommendations 

expanded air and health monitoring techniques to include 

indoor and outdoor factors over extended periods of time (3 to 

12 months). These studies, which are described in more detail 

below, were designed 

Frezieres et al. 

to 

( 1 7 ) 

adjust 

studies, 

measured 

for 

by 

the many 

health 

based on results of 

other researchers, 

confounding 

variables involved in human health responses to air pollutants 

by intensive measurement of many variables. 

variables 

asthmatics in Los Angeles, California, for eight months while 

an air monitoring station located within 3 miles of each 

ject's home 

suspended 

recorded 

particulates, 

The subjects completed daily diaries on 

and changes in respiratory medication. They also measured and 

recorded their peak expiratory flow twice daily. All 

were rigorously 

and 

of 

were 

all 

3 

increased 

34 

the other 

who were 

changes 

pollens 

screened by 

in NO O , CO, SO , total 
X 3 2 

and meteorologic variables. 

respiratory 

physician 

effects of changing sulphate levels in the 

asthmatics may 

in 34 

sub- 

symptoms 

subjects 

examination 

asthmatics. 

and 

pulmonary function tests to insure they were atopic asthmatics 

accepted into the study completed it. 

Sulphate levels varied more and reached higher peaks than any 

pollutants studies and the analysis focused on 

subjects who had strongly correlated adverse effects 

with increased sulphate levels, 4 

sulphate 

be 

appeared 

levels and 24 whose responses varied. The 

authors concluded the results suggest that as many 

sensitive to levels 

There 

to improve with 

as 9 1. of 

of sulphate in the 

ambient air and that reduction of sulphate levels to below 10 
3 

µg/m would significantly reduce the frequency and severity of 

symptoms and needs for medication in these 

was the first 

were requested to monitor and record 

daily and all 

long-term study of its kind in which subjects 

the 

health 

individuals. 

variables 

This 

twice 

subjects completed the entire study. The 
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measurement of outdoor air pollutants as closely as possible 

to subjects' homes improved the characterization of the 

subjects' environments over previous studies that had 

monitored from distances further from usual environments. 

There was no monitoring of indoor air. 

A study designed by Perry et al. (21) in Denver, Colorado, was 

similar to Frezieres' study and encountered similar and 

different problems. Forty-one asthmatics participated in the 

three-month study although the data from only 24 was included 

in the analysis because of criteria for inclusion of data that 

the researchers determined prior to the start of the study. 

Although all subjects recorded all the information requested 

of them during the study, the researchers had decided to 

eliminate observations for any 12-hour measurement period in 

which the subject reported an upper respiratory infection or 

was outside the Denver metropolitan area for more than 3 

hours. There were two air monitoring stations in the Denver 

area and the researchers had no provisions for estimating 

pollutant concentrations outside the area. Because the study 

took place in the winter there was a fairly high incidence of 

upper respiratory infection. After applying these 

restrictions, any subject whose data was less than 60Z 

complete was excluded from the analysis. Loss of health data 

and a very limited number of days during which high levels of 

suspended particulates were recorded combined to give 

inconclusive results although fine nitrates were associated 

with increased symptoms and increased aerosol bronchodilator 

usage. This study, as that of Frezieres, had long-term 

cooperation of subjects completing daily diaries and recording 

peak expiratory flow and medication usage. There was no indoor 

monitoring. 

There are two more 

completed collecting 

analyzing the data, 

protocols to include 

pollutants. Silverman 

collection in Toronto 

recent studies, one that has not yet 

data and the other that is still 

that have expanded air monitoring 

monitoring of indoor and outdoor 

et al. (16) are completing field data 

and Hamilton, Canada, with an air 
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monitoring network 

and outdoor levels in 

occupation and to estimate the time spent by subjects in each 

(an activity profile). There are fixed air monitoring sites to 

characterize 

placed inside 

monitor the 

personal samplers that the subjects carry 

effects are 

activities diaries as well as simple pulmonary function tests. 

Subjects 

one year and some have intensive air 

personal) 

from 

for 

asthmatics and 18 healthy subjects in that study. In Hamilton, 

the subjects 

monitoring as completed at each 

children). 

and 

The 

indicate differences between fixed location, 

personal 

neighbourhood 

and 

same 

assessed 

Toronto 

2 

are 

to 

preliminary 

monitoring. 

necessary to confirm 

designed to measure simultaneously indoor 

selected 

immediately 

pollutants 

analysis 

4 weeks twice in the year. There are 36 

school 

Holguin 

Fifty-two 

their 

peak 

as 

et al. 

activities, 

( 2 4 ) 

or 

by 

homes 

outdoor 

outside 

in both places. There are also 

daily 

are requested to complete diaries for 

children 

of 

in three tiers, similar 

results 

Further 

refute 

to whether fixed monitoring locations adequately 

quantify the level of pollutants 

exposed. 

first analysis of the data from a 

the 

to 

and 

air. 

and 

their 

of 

subjects' 

symptom, 

monitoring 

investigations 

results 

which 

places 

There are samplers 

with them. 

study 

of daily 

homes to 

Health 

medication and 

six-month data collection period. Twice 

diaries. Three times a day they measured 

indoor 

homes 

air monitoring data 

each 

study. 

within 

ables. 

of 1 2 

There 

NO I co I 
X 
There 

pollutants as 

were 

particulates, 

was 

selected 

the 

a 

two 

to 

mobile 

subject houses. 

outdoor 

those 

van that 

stations. 

in 

daily 

and 

indoor, 

of 

(indoor 

and outdoor 

once (3200 

outdoor 

will 

the 

and 

final 

subject 

be 

is 

have completed data collection and the 

described 

There 

Houston, 

they 

recorded 

Texas. 

carefully selected extrinsic asthmatics completed a 

recorded 

medication use and respiratory symptoms in 

their 

expiratory flow. The air monitoring system was organized 

in Silverman's 

outdoor monitoring stations, located 

2 1/2 miles of each subject's home, that monitored 03, 

pollens and meteorologic vari- 

monitored inside and 

outside homes simultaneously for a minimum of one week in each 

The van monitored the same 

was personal 
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monitoring of more than half the subjects. 

monitoring involved research staff measuring the particulates 

and ozone within 30 feet of a subject from 0700 to 1900. 

Rigorous quality assurance techniques were applied to the air 

monitoring and health data 

asthmatic attacks daily and 8 

The personal 

collection. Of the 52 subjects, 

data from 10 were excluded from the analysis. One 

data were considered to be unreliable, one subject recorded 

subjects had fewer than 5 

asthmatic attacks during the six months of data collection. 

The analysis, 

model, 

using the Korn-Whittemore 

detected a statistically significant 

asthmatic attacks with an increase of 0
3 

decrease in temperature. Neither N0
2 

influenced the model. 

( 3 1 ) 

concentration. 

significance was enhanced when there was a 

statistical 

increase of 

simultaneous 

nor relative humidity 

Although pollens caused significant 

response in some individuals during Houston's high pollen 

concentration (September and October), 

subjects' 

significant effect. 

included in the first analysis. 

included 

4.3 summary 

The Houston study, 

extensive 

season 

data were analyzed 

data 

as the Perry, 

collection 

encouragement by research personnel. 

designed 

analysis, 

to 

4) 

deal with 

together, 

periods 

problems 

environmental or health effects data, 3 ) 

lack of compliance by study 

there 

Fine inhalable particulates were not 

and CO were also not 

in the analysis because the concentrations were very 

low for S0
2 

and CO produces different physiological responses. 

Although the analysis in the first study report included only 

81Z of the subjects' data when the 8 subjects with fewer than 

5 asthmatic attacks during the study were included in the 

statistical model the results were unchanged. 

Frezieres and Silverman 

studies, proves that subjects will participate in long-term, 

with 

Holguin's 

similar studies have 

encountered that affected their validity and reliability. The 

problems overcome by the Houston study design were 1) the 

inaccuracy of individual exposure estimates, 

subject's 

was 

The 

when all 

no 

appropriate 

study was 

2 ) missing 

limitations of 

subjects, 5) 
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confounding by concomitant respiratory diseases, 6) subjective 

symptom reporting, 7) lag time between exposure and event and 

8) confounding by weather. This study design utilized recent 

improvements in air and health monitoring techniques and 

instruments. 

pollution or 

Other studies, following a similar design but 

carried out in locations with different characteristics of 

study population could provide further useful 

information on the effects of air pollutants in humans. 
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Respiratory illness and air pollution 
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The effects of various air pollutants, singly or in combination, 
on respiratory function were studied as early as the 1930's. This 
report details some of the research in this field, concentrating 

on results of two research methodologies: Environmental chamber 
studies and epidemiological cohort studies. 
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