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ABSTRACT

Five hundred and ninety-five healthy Caucasian tecnagers {315 females, 280
males) between the ages of 13 and 19 participated in a community pulmonary fune-
tion survey in Illinois. Of the total, 293 attended Granile City High School South
(highly industrialized and polluted arca). On the average, this teenage population
has smaller lung volumes (13% in males. 14 % in [emales) and [low rates (14% in
mules, 12% in females) than the predicted normal population. There was also a
statistical difference between high school subgroups, with beth the North High School
male and female students demonstrating significantly larger pulmonary functions
than their South High School counterparts. When the relation between air flow
rates and smoking was examined by High School subgroups, evidence was [ound
for a synergistic effect between smoking and air pollution.

INTRODUCTION

This study reports the elfects of air pollution on pulmonary health of adoles-
cents. The site of the study is Granite City, linois, a highly industrialized city which
has been identilied as one of the air pollution “hot spots™ in the nation. Its total
suspended particulate (TSI’) concentrations rank as the highest in the state. !> A
1977 study of industrial emissions in communities east of the metropolitun St. Louis
area ranked Granite City first for TSP, first {or total hydrocarbon, {irst for carbon
monoxide, fifth for sulfur dioxide. and {ifth for nitrogen oxides.! Data available

99






101

In an attempt to differentiate the cffects of cigarette smoking and environmen-
tal location on pulmonary function, we subdivided the students by high school and
smoking history. The term ‘nonsmoker’ refers to those who have not smoked regu-
larly. Table 1 describes the pulmonary function measurements of the students
arranged by school. Although the mean ages are the same, the North High School
males are significantly taller than the South High School males. In addition, the
air flow parameters, FEV,, FEV /FVC and FED,, ., are significantly higher in
the North males than in those from the South.

There are no anthropometric differences between the females of the two schools.
With the exception of the FEF,_ . being significantly greater for the North females,
all other pulmonary function parameters are similar. However, there is a signifi-
cant difference between male and female air flow parameters within each school.
The South temale % Pred. FEV, and % Pred. FEF,, . are significantly larger than
the South male values. The North female % Pred. FEF,. .. is significantly larger
than the North male air flow,

Table 2 shows the pulmonary function measurements on the basis of both high
school and smoking history. The lower air flow rates for smokers as compared to
nonsmokers are clearly evident as is the fact that female students of each high school,
both smokers and nonsmeokers, have significantly larger air flow rates than their
male counterparts. It is also noteworthy that the male nonsmokers of North High
School are significantly taller than the South nonsmoking males.

Although there are significant differences hetween the pulmonary function
parameters within the various student subgroups, all mean values are within nor-
mal limits.” Examination of Table 2 shows, however, that the means for the per-
cent predicted values are at the lower limits of normal. This tecnage population
displays smaller pulmonary funetion parameters than have been seen in other stu-
dents,**!? Because of this difference, regression equations were derived for this
population of teenagers. (Table 3) The correlation coefficients noted are all signifi-
cant at the p 0.05 level.

Further statistical analysis was used to relate years of residence in the commu-
nity to % Pred. FVC and % Pred. FEF,, ... Years of residence in the community
was evaluated in terms of sex of the teenager. Although the females show no signifi-
cant variations in their pulmonary functions, the male population does. Those males
who have lived in the community for five years or less have a significantly lower
mean value for % Pred. FVC and a slightly lower mean value for % Pred.
FEF, .. than do those males who have lived in the community Jonger than five
years. (Table 4)

A breakdown of data by high schools also shows a trend, Those males who attend
North High Schoel and have lived less than five years in the community show a
significantly lower mean % Pred. FEF,, ., than those with more than five years
residence. The difference for % Pred. FVC is not significant. South High School
males show a small difference in % Pred. FVC but no difference in % Pred.
FEF,, ... A slight variation in % Pred. FVC is also noted for South High School
females, but the lower value occurs for females who have lived in the community
for more than five years.
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DISCUSSION

It is well known that pulmonary function in normal, healthy children is elosely
related to growth and development.” Tt has been previously shown that the rate
of pulmonary development increases at adolescence and murked absolute differences
are noted hetween bovs and girls,'® Our data show a mean absolute diflerence in
FVC between boys and girls of 936 ml., a mean difference in FEV, of 360 mL and
a mean diflerence in FET,, . of 0.67 Lisec.

When % Pred. values arc examined, it is noted that the girls demonstrate the
larger relative values for volume and flow. This agrees with carlier studies which
demonstrate that maturity of pulmonary functions is rcached earlier in girls than
in boys.'! It appears that girls reach their functicnal platcau by around age 14
while boys must develop until age 18 to reach this plateau,

Tt is observed that the average individual in this teenage population has smaller
lung volumes and [low rates than the predicted normal population. The males aver-
age 15.3% less in lung volume, 14.4% less in FEV and 11% less in FEF, .. The
females average 14.3% less in lung volumne, 12% less in FEV and 3% less in
FEF.. ...

Althongh within normal limits, these marked reductions in average pulmonary
function parameters compared to normal predicted valucs could be an carly response
to environmenlal exposure.'? The respiratory system has an obvious and continu-
ous contact with the environment: and the lungs are thus exposed intensely and
on a prolonged busis to any injurious substances which might be olfered by the
cnvironment. '

It has been shown in England that episodes of increased sullur dioxide and par-
ticulate pollution result in an increased morbidity and mortality among those with
chronic lung disease.'” The FEV, has been shown to be significantly less in men
in England exposed to higher pollution levels than in men in less polluted areas.
Furthermore, pulinonary function parameters in school children in grossly polluted
regions are measurably less us compared with those in children in low polluted
regions, '

Ventilalory function in children is u particularly useful measure of air pollu-
tion effects because cigarette smoking, occupational exposures, and frequent changes
of residence do not generally play a role in the observed effect.’ In nearly all
reporicd studies. children residing in more polluted communities of the sulfur
dioxideiparticulate category both in the United States and in other countries, have
shown diminished ventilatory function when compared to their counterparts living
in less polluted areas.'™%17 It has been observed that four major factors — child-
hood smoking, air pollution, social class and past history of respiratory diseases —
can have independent effects on ventilatory function.'® Although smoking and air
pollution apparently have the greatest influence. all four fuctors appear to exert
their effects additively. In this particular study, however, social class does not appear’
to he a determining influence.

As noted earlier, the pulmonary function dala from this group of 595 Granite
City teenagers appear to show a significant environmental response when com pared
to predicted normals. It is additionally possible to detect a statistical difference
between high schools, based on differences in pollution levels within the eity itsclf.
Both the male and female students in the North High School demonstrate pulmo-
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nary function values slightly to significantly larger than their counterparts in South
High School, located in the more polluted part of the city.

When smoking history is examined, both male and female smokers overall have
significantly lower air flow rates than the nonsmokers. These findings arc similar
to previous studies which also showed that objective evidence of lung damage cccurs
in teenaged smokers.'#2 When the relation between air flow rates und smoking
is cxamined by high school subgroups, we find additienal evidence which tends to
confirm our concern over environmental exposure, Both the male and female smokers
in South High School have lower air flow rales than their smoking counterparts
in North High School. This tends to support the Ltheory of addilive ellecls of smok-
ing and air pollution on pulmonary function changes in adolescents.

The importance of all these findings is that diminished repiratory function in
childhood may well have long-term conscyuences, compromising respiratory health
in later life. It has been ';ugﬁested that the fact that air pollution exposure increases
the risk in childhood of both reduced lung function and acule respiratory illness
implies an increased risk for subsequent development of obstructive pulmonary dis-
ease in adulthood.” Tt has also been cbserved that a close relationship exists
between a history of childhood respiratory disorders and prevalence of ventilutory
impairment and obstructive airway disease in adults.® However, these data may
be biased, as parents of children with respiratory diseases may have a better recall
of childhood illness than do parents of children who are currently healthy.

There has been evidence that the effects of air pollution, or the combination
of air pollution and smoking, are polentially reversible. Improvements in impaired
pulmonary function in children living in polluted communities have been shown
when air pollution concentration decreased.®-** Similar studies with adults also
point to the conclusion that removal of air pollution at least slows the development
of obstructive airway problems, and if removed earlv enough, results in a return
to nearly normal functional status.® %

Years of residence in a community would appear to be significant to pulmo-
nary function, particularly in an area with as much air pollution as Granite City.
The data for teenagers indicate considerably lower pulmonary function values for
males who have lived in the community five vears or less than for those who have
lived in the city longer, The effect is similar {or students of both high schools. Females
do not show this effect. This pulmonary function change in males may be due to
an acute reaction to the air pollution of Granite City. Female teenagers may not
show this pronounced effecl because their pulmonary functions develop earlier than
those of males. '™

CONCLUSION

In conelusion, our data provide statistical evidence for an adverse reaction in
this group of teenagers to environmental exposure. Overall, the average lung vol-
ume angd flow rates are reduced compared to normal predicted values. Individuals
in the more polluted South High School area are more markedly affected than those
in the North High School area. Thosc individuals with a history of cigarette smok-
ing have an even greater decrease in air flow rates. There appears to be un additive
effect between smoking and environmental exposure in this group.
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Table 3 Regression Equations Relating Pulmonary Function Variables to Age and
Height in Normal Caucasian Teenagers in Granite City.

Parameter Sex Regression Equation T = E.
FVC (1) F v = 0.027A + 0.021H -— 0.291 0.88 0.412
M y = 0.065A + 0.033H — 2.154 0.84 0.463
FEV, (L) F v = 0.034A + 0.024H — 1.505 0.77 0.378
M y = 0.041A + 0.026H — 1.246 0.75 0.396
FEF,, .. {L/sec) F y = 0.015A + 0.031H — 1.63 0.66 0.699
M v = 0.025A + 0.014H — 1.41 0.64 0.730
A = Age
H = Height in centimeters

r = Correlation Coefficicnt
S E. Standard Error of Estimate in liters






