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Relation of the Pollutant Standards Index (PSI) to Total Mortality
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1. Introduction

Many investigators have examined the health
effects of air pollution and have raised some
limitations concerning the reliability and ap-
plicability of epidemiological studies of air
pollution.'"® Moreover, informations on health
risks from polluted air are limited to the
public which needs reliable and easily under-
standable information on the health effects
of air pollution.

Recently, the U.S. Environmental Protection
Agency (EPA) has developed and proposed a

%

B3

b wadel WESt gl

natural standardized index, called the “Pollu-
tant Standards Index (PSI)”, to provide this
information.®

The PSI is defined as a highly summarized
health related index that converts the pollutant
concentrations in a community’s air to a simple
number on a scale of 0 to 500, based on five
major pollutants- carbon monoxide (CO), total
suspended particulates (TSP), photochemical
oxidants or ozone (03), and nitrogen dioxide
(NO2). The PSI will rise above 100 when any
of the five criteria pollutants reaches a level
judged to have adverse short-term effects on
human health for one day during one year.



The health effect levels for PSI intervals are
good or mederate for 0-99; unhealthful for
100—-199; very unhealthful for 200—300; and
hazardous for more than 300,

A number of epidemiological investigation
has demonstrated a causal association of air
pollution to human health.5® Subsequently,
the numerous cross-sectional studies of morta-
lity and air pollution have devoted to examining
the relationships between geographic differences
in air pollution levels and mortality rates.”V
However, the relationships are causal, but
definitely cause and effect has not shown.
Therefore, the questions concerning air pollu-
tion and effects on human health have con-

tinued to be subject of intense debate,'® and:

in this connection it is useful to reexamine the
health effects of air pollution using the available
data of the past.

This paper is an attempt to examine the
relationship between total mortality rates and
the level of PSI, including climatic and socioe-
conomic conditions, based on a data for 23
SMSAs (Standard Metropolitan Statistical
Areas) in the United States.

. Materials and Methods

The data used for this study include 23
SMSAs in the United States (See Appendix
A). Only the SMSAs for which the statistics
on the Pollution Standards Index (PSI) were
available for the years 1978 —1980 were selected
The three groups (PSI,
socioeconomic, and climate) of the indepen-

for the analysis.

dent variables and total mortality rates as a
dependent variable were selected for the study.
The variables selected for analysis are defined

as listed in Appendix B.

Data for the total mortality rates and socioe-
conomic status consisting of three variables as
reported for 1979 were drawn from the 1982
State and Metropolitan Data Book.'® Informa-
tion on climatic variables as recorded for
1975 were taken from the 1977 County and
City Data Book.! The selection of climate
data was limited to those which the statistics
were available for the year 1975. The 1982—
1983 Statistical Abstract of the United States
was used to obtain information on PSI during
1978-1980.19

The PSI above 100 which represents adverse
short-term effects on human health for one
day during one year was only selected for this
analysis, therefore, annual average number of
days for PSI exceeding 100 during 1978-—
1980 was practically calculated for each SMSA.

Multiple regression analysis was performed
for estimating the effects of PSI on total
mortality rates controlling for several con-
founding factors. Regression model explaining
total mortality rates was generally formed:

TMR u + a(PSI) + b(TEMP 1) + ¢
(TEMP 7) + d(PRECIP) + e(POP DEN) + f
(% = 65) + g(% UNEMP) + «¢ (1),
where the term u is a constant and ¢ is the

random error term. Using the above equation,
multiple regression model was also transformed
into a linear model by taking natural logarithms
of each variable.

HI. Results

Table 1 shows the means, standard devia-
tions of variables selected in this study for the

23 SMSAs. Mean total mortality rates in



Table 1.

Means and standard deviations

of variables (N=23)

Variable

mean Standard Deviation
Total mor.tality rate, 1979 8.20 1.50
(Deaths per 1,000 pop.)
Poliutant Standard Index > 100 69.30 56.81
(days/year)
Meagl Temperature-January 36.61 12.02
(3]
Mean Temperature-July 73.74 5.32
F)
Annual Mean Precipitation (inch) 30.37 12.72
Population Density 946.30 1332.86
(persons per sq. mile)
% Population > 65 10.76 2.88
% Unemployment 6.65 1.33
Table 2.  Correlation matric of the variables* (N=23)
PSI TEMP1 TEMP 7 PRECIP POPDEN % =65 % UNEMP
TMR - 320 -. 036 . 051 . 417 . 359 . 933%* . 5o
PSI . 267 . 142 -. 27 117 -. 381 -.033
TEMP 1 . 069 -. 306 -. 095 . 088 -. 330
TEMP 7 . 309 -. 094 -.048 -. 135
PRECIP . 376 . 207 -, 037
POP DEN . 239 . 038
% = 65 . 434

*  All variables are taken natural logarithms.

** p<0.01

selected SMSAs were 8.20 per 1,000 popula-
tion in 1979. Annual average number of days
for PSI exceeding 100 were 69 days per year.
In particular, Los Angeles-Long Beach, Cali-
fornia showed the largest days of unhealthful
value of PSI exceeding 100, followed by

Riverside-San Bernardino-Ontario, California.
Table 2 examines the correlation coeffici-
ents among the variables taken natural logari-

thms in this study. With exception of Pollutant
Standards index (PST) and January Temperature
(TEMP 1), the total mortality rates (TMR) were
positively correlated to other variables. Signi-
ficant relationships with total mortality rates
were found for percent of population of 65
years and older, and percent of unemployment.
Except these two variables, none of variables
were significantly correlated with each other



Table 3.  Multiple regression analysis of total mortality rates

Regression Standard error Significance

coefficient (B) of B of B R Change
PSI . (004 . 013 . 736 . 102
TEMP 1 . 017 . 040 669 . 084
TEMP 7 . 115 . 152 461 . 043
PRECIP . 080 . 025 . 005 . 057
POP DEN 015 .02 . 239 . 143
% = 65 592 . 060 . 000 . 267
% UNEMP 181 . 065 . 013 . 262
(constant) -. 571

variable. ployment would increase the total mortality

Table 3 shows multiple regression analysis
of total mortality rates on the independent
variables. Using the Equation (1), the following
Equation gives the results:

Ln(TMR) = —.571 + 004 Ln(PSI) + .017
Ln(TEMP 1) + .115 Ln(TEMP 7) + .080 Ln
(PRECIP) + .015 Ln(POP DEN) + .592 Ln
(% = 65) + .181 Ln(% UNEMP)
Adjusted R = 939, F-ratio = 49.433 (p < 0.01).

The of the

total mortality rates is accounted for 94 per-

percent the variation in

cent. The F-ratio tests show a 1% level of
significance of the overall fit.

Percent of population of 65 years and older
was the most important variable, explaining 59
percent of variability (P < 0.001). This
implicates that a hundred percent increase in
the proportion of the population of 65 years
and older is associated with an increase in the
total mortality rates of 59.2 per 1,000 popula-
tion.

The percent of unemployment was also
an important variable. An increase of one
hundred percent in the proportion of unem-

rates by 18 percent. In addition, the regression
coefficient of mean temperature of July was
greater than that of any other climatic variables.
Regarding the PSI, it was suggested that a
hundred percent increase in annual average
days for PSI exceeding 100 would imply an
increase of about 0.4 percent in the total
mortality rates. In other words, one day
increase of PSI exceeding 100 may be related
to an increase of 0.4 percent in the total
mortality rates.

A positive association between total morta-
lity rates as a independent variable and each
dependent variable was found in regression
coefficients. The significance of regression
coefficients in Table 3 also supports that
percent of population of 65 years and older
is stronly associated with total mortality.
However, PSI effects is rather low among the
variables.  Furthermore, the results of the
correlation and regression analyses do not
provide any evidence about which a value of
Pollutant Standards Index (PSI) is more strongly

associated with total mortality rates.



IV. Discussion

To examine the effects of air pollution
on total mortality rates, a new variable of
PSI, as indexed by level of air pollution health
effects was included in the analysis.

From the multiple regression analysis, socioe-
conomic and climatic variables cxplain a greater
percentage of the variation in the total morta-
lity rates than do PSI variable. These findings
are consistent with earlier reports of strong
association between socioeconomic variables
and total mortality rates.16)

Percent of population of 65 years and
older variable is more strongly correlated with
total mortality than any other variables. This
fact makes it possible to interpret with physio-
logical etiology.

It seems that interaction of climatic factors
and total mortality is complex. Regression
coefficients of temperature of July explain
higher percentage of total mortality rates varia-
tion than other climatic variables. Undoubtedly,
influences of climatic factors found to be
related to mortality.17-18)

Although the PSI was a valuable index to
give the relationship of current air quality to
the Primary National Ambient Air Quality
Standard!?’the implementation of PSI would
need further research because the values of PSI
were ascertained for population exposure in a

community rather than for individual exposure.

The results from observational and aggreg-
ated data such as this type of study must be
cautiously interpreted. Furthermore, the vali-
dity of these findings may be affected by several
potential sources of bias, such as units of

observation, more confounding factors not
included in this study, and the applicability
When these
informations are available, it will be possible

of the statistical techniques.

to be more certain about implication of epide-
miological studies of air pollution.

In conclusion, these findings showed that
the effects of PSI on total mortality rates are
likely to be small in magnitude and difficult
to detect reliably at this stage.

V. Summary

Multivariate regression analysis was done to
examine the relative effects of Pollutant Stand-
ards Index (PSI), climatic, and socioeconomic
variables on total mortality rates for 23 SMSAs
of the United States. Socioeconomic variables
explained a greater percentage of the variation
in the total mortality rates than did PSI and
It is concluded that the
effects of PSI on total mortality rates are

climatic variables.

likely to be small in magnitude and difficult
to detect reliably. Some limited conclusions
which need further evaluation are discussed.
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A: Names of the SMSA for which data are
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used

Los Angeles-Long Beach, CA

Riverside-San Bernardino-Ontario, CA

New York, NY-NJ
Houston, TX
Denver-Boulder, Colo
Washington, D.C., Md-Va
Philadelphia, Pa-NJ
Louisville, Ky-Ind

St. Louis, Mo-Ill

Portland, Oreg-Wash

Salt Lake City-Odgene, Utah
Chicago, Il

Kansas City, Ohio-Ky-Ind
Seattle-Everett, Wash
Cincinnati, Ohio-Ky-Ind
Sacramento, CA

Buffalo, NY

Milwaukee, WI

San Francisco-Oakland, CA

20. Tapma=St. Petersburg, Fla
21. Syracuse, NY

22. Rochester, NY

23. San Diego, CA

B: Description of variables selected
Mortality Rates (Deaths per 1,000 population)
TMR: Total mortality rates
Air Quality

PSI: Pollutant Standards Index
(Mean Days by PSI above 100 for one day
during one year)

Weather variables

TEMP 1: Mean January Temperature("F)
TEMP 7:  Mean July temperature(’F)
PRECIP: Mean annual precipitation (inch)

Socioeconomic variables

POP DEN: Population density (Persons per
square mile)

% = 65: Percentage of area population of
65 years old or more

% UNEMP: Percentage of unemployment



