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DI SCLAI MER

This report has been reviewed by the Corvallis Environmental Research
Laboratory, U.S. Environmental Protection Agency, and approved for publica-
tion. Approval does not signify that its contents necessarily reflect the
views and policies of the US. Environnental Protection Agency nor does
mention of trade nanes or conmercial products constitute endorsenment or
recommendation for use.

The nethods, results, and conclusions found in this study do not neces-
sarily reflect the opinions of the sponsoring agencies or the organizations
who provide data. Specifically, with regard to the data supplied by the
G oup Health Association (GHA), it is recognized that: (1) The soci o-deno-
graphic characteristics of the GHA nenbership may not be representative of
the soci o-denmographic characteristics of the entire netropolitan Washington
popul ation; (2) utilization of medical services by GHA menbers nay also be
different than utilization of nedical services by the general Washington
popul ation; and (3) only within-plan utilization is accounted for, i.e
some GHA nenbers may, at times, seek outside medical care which is not
recorded in the data.



FOREWORD

Effective regulatory and enforcenment actions by the Environmental Protection
Agency would be virtually inpossible wthout sound scientific data on pollu-
tants and their inpact on environmental stability and human health. Responsi -
bility for building this data base has been assigned to EPA's Ofice of
Research and Devel opment and its 15 major field installations, one of which
is the Corvallis Environmental Research Laboratory (CERL) in Oregon.

The primary mission of the Corvallis Laboratory is research on the effects of
environmental pollutants on terrestrial, freshwater, and marine ecosysterns;

the behavior, effects and control of pollutants in |ake systens; and the

devel opment of predictive models on the novement of pollutants in the biosphere.

This report was initiated by the Washington Environnental Research Center,
O fice of Research and Devel opnent, Washington, D.C. and conpleted at the
Corval lis Environnental Research Laboratory.

A.F. Bartsch
Director, CERL



ABSTRACT

This study has attenpted to assess some of the acute health effects of
air pollution. Specifically, the investigation has tested the hypothesis
that air pollution can aggravate the health status of a population and can
result in increased utilization of certain types of nedical care services

The study period was 1973-1974 and centered in the Washington, D.C
Metropolitan Area. Statistical nodels were formulated, explaining health-care
utilization of a group practice nedical care plan. Primary interest was
focused on the effects of mobile-source air pollutants including carbon
nmonoxi de, nitrogen dioxide, non-nethane hydrocarbons, and photochenica
oxi dants. Meteorological conditions, as well as other variables thought to
i nfluence the consunmption of nedical services, were included in the nodels
as explanatory variabl es.

The statistical results indicated that air pollution levels had a very
limted effect on the health-care utilization of the group practice.

This report is not an official National Bureau publication since the
findings reported herein have not undergone the full critical review accorded
the National Bureau's studies, including approval by the Board of Directors.

This report was prepared under contract nunber 68-01-3144 to U. S. Environ-
mental Protection Agency and the U S. Departnent of Transportation. This
report covers the period from January 1, 1973, to Decenber 31, 1974; and
work was conpleted as of March 1976.
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SECTION |

I NTRODUCTI ON

BACKGROUND

A nunber of investigators have exam ned the health effects of air pollu-
tion episodes in cities such as New Yor&/and Boston.?/ They have | ooked at
the effects of air pollution on indices of health (including nortality rates,
pediatric and adult clinic visits, emergency hospital admssions, and so on).
Al though estinmates of excess nortality, clinic visits, and hospital adnissions
(over expected values of these indices) were conputed, the studies did not
assess the economic inpact of such air pollution episodes. Mreover, the air
pollutants considered in these studies were primarily those from stationary
sources (e.g., sulfur dioxide and smokeshade).3/

The absence of economic inputation in these studies represents a serious
deficiency. The ultimate objective of policies designed to deal with air pol-
lution problems is to attain ambient |levels of pollution at which the corres-
pondi ng margi nal social costs and benefits are balanced. Consequently, there
is a critical need for the translation of physical effects (e.g., increased
air pollution-associated illness) into econonmic terns that can be conpared to
the societal costs associated with nore stringent air quality criteria and
abatenent activities.

RESEARCH OBJECTI VES

This study will attenpt to assess the health effects and related inpacts
O air pollution in the Washington Metropolitan Area. A mgjor output of this
research will be the quantification of the econonmic costs of air pollution due
to its debilitating effects (if they exist) on the health status of the exposed
popul ation.  Special attention will be focused on nobile-source air pollution
(e.g., carbon nonoxide, nitrogen oxides, and photochenical oxidants).

Specifically, the objectives to be acconplished by this research are as
foll ows:

(1) Atest of the null hypothesis that there is no significant asso-
ciation between air pollution in Metropolitan Washi ngton and
heal th effects.

(2) I'f the null hypothesis is rejected, an investigation of the
relationship between specific pollutants and specific health
effects.

(3) An assessnment of the economic inpacts of the air pollution-health
association both in terns of direct costs (e.g., nedical treatnment
expenditures) and indirect costs (e.g., work-days-lost).

1/ See, for exanple, Greenburg et. al.[19]
2/ See Hei mann [23].
3/ For a Survey of studies that have dealt with the health effects of air pollu-
tion, see Lave and Seskin [28].
1



AN OVERVI EW OF THE RESEARCH

The study area of this research is the Washington, D.C. Metropolitan Area
during the period 1973 and 1974. The nation's capital is of particular interest
because mobile-source air pollution is a domnant factor in Wshington, whereas
stationary sources (e.g., power plants) are the chief contributors of air pol-
lution in other major eastern seaboard cities. In view of the controversies
surrounding environnental |egislation of regulations on nobile-source em s-
sions, the results for the Washington area may be extrenely significant for
policy purposes.

The data for this study came from several sources. The Goup Health As-
sociation, a prepaid group practice nedical care plan with approximtely 100,000
nmenbers, provided the health data. The air pollution data used in the research
came from the Governnent of the District of Colunbia, Department of Environ-
mental Services. Finally, the neteorol ogical data were provided by the National
Weat her Servi ce.

Section |l presents a summary of our findings. In Section IIl we shall
explore the nethods that have been previously used to investigate the associa-
tion between air pollution and human health, and shall provide sone illustra-

tions fromthe literature. Section IV includes a description of the study

area (Metropolitan Washington, D.C.) as well as a description of the primry
source of health data (The Group Health Association). In Section V, the

medi cal data and our nethod of compiling them are described in detail. Section
VI discusses the conpilation of the air pollution and meteorological data. In
Section VII, the statistical nethods used in the analysis are examned. Section
VIIl presents the empirical results. Finally, Section IX presents sone policy
inplications, economc consequences, and future research needs.



SECTION ||

SUMVARY OF FI NDI NGS

We have analyzed health care utilization, air pollution, and weather
data in an effort to test the null hypothesis that there is no significant
association between air pollution levels in Mtropolitan Washington, D.C. and
health effects.

According to an analysis of these data for 1973, there did not appear
to be a significant relationship between photocheni cal oxidant readings (as
measured by the maximum | -hour average) on any given day and the nunber of
unschedul ed visits on that day to three of the four departnents at the
main clinic (Pennsylvania Avenue) of a local group practice nedical plan.
These included the urgent visit clinic and the internal nedicine and pedia-
tric departnments. The only exception was for unscheduled visits to the
opht hal mol ogy departnment. Here a suggestive relationship between oxidant
| evel s and unschedul ed visits was noted for further investigation.

We then exanmined the 1974 data in an effort to replicate the 1973
findings. In general, the results were conparable to those for 1973
Again, a positive and statistically significant relationship was exhibited
between the oxidant readings and unscheduled visits to the ophthal nol ogy
depart nent. In addition, a suggestive relationship between oxidant |evels
and utilization of the urgent visit clinic was seen. This relationship was
further supported by the results of an analysis involving oxidant pollution
data nonitored at another station. Finally, for 1974 oxidant data from one
of the nonitoring stations, a positive and statistically significant associ-
ation was seen with unscheduled visits to the pediatric department. This
rel ationship, however, did not hold when oxidant data from the other
monitoring station were substituted.

Looking at both the 1973 and 1974 results together, the magnitude of
the association between unscheduled visits to the ophthal nol ogy departnent
and photochem cal oxidant levels indicated that a 10 percent decrease in
oxidant levels was related to between a 1.1 and 4.3 percent decrease in
unschedul ed utilization of the ophthal nology department. The statistically
significant 1974 result pertaining to the urgent visit clinic indicated that
a 10 percent decrease in oxidant levels was related to a 0.5 percent decrease
inurgent visits. The single positive and statistically significant 1974 result
pertaining to pediatric visits indicated that a 10 percent decrease in oxidant
levels was related to a 0.9 percent decrease in unscheduled pediatric visits.
These sonewhat mi xed findings warranted further investigation

Thus, we performed statistical analyses in an effort to uncover lag or
episodic effects of the air pollution levels on the health care utilization.
No such effects were found. In this connection it should be noted that the
oxi dant readings in these data were sufficiently high to trigger six air
pollution alerts in 1973 and one alert in 1974 by the Metropolitan Washington
Council of Covernments (COG and were anong the highest ever recorded in the
Metropolitan Washington Area.



Next, we investigated the effects of three other air pollutants
related primarily to nobile sources (non-nethane hydrocarbons, nitrogen
di oxi de, and carbon nonoxide) and one air pollutant prinmarily related to
stationary sources (sulfur dioxide).

W did not uncover any consistently signficant relationship
bet ween unschedul ed utilization in any department and the levels of
non- net hane hydrocarbons or the levels of nitrogen dioxide during 1973.
Unfortunately, 1974 data on these two air pollutants were not satisfactory
to permt a replication of these anal yses.

Qur enpirical results involving carbon nonoxide did suggest an
association between unscheduled utilization of the ophthal nmol ogy depart-
ment and, to a lesser extent, unscheduled utilization of the pediatric
departnent during 1973. However, each result held for only one of the
two nonitoring stations providing air pollution data. Furthernore, the
significant and positive associations between carbon nonoxide |evels and
departrment utilization were not found using 1974 data.

The last air pollutant we exanm ned was sul fur dioxide. Two
nmonitoring stations provided sufficient sulfur dioxide data in 1973 to
pernmt separate analyses. The findings from these anal yses indicated
two positive and statistically significant associations: one between
sul fur dioxide levels and unscheduled visits to the internal medicine
departnent, and the other between sulfur dioxide |evels and unschedul ed
visits to the ophthal nol ogy department. Neither association was signifi-
cant when air pollution data from the other nonitoring station were
substituted. Furthernore, the associations failed to hold when 1974 data
were anal yzed.

Table 2.1 presents a summary of the positive and significant
associ ations between unschedul ed departnent visits and |evels of individual
air pollutants. Specifically, it displays the estimated percentage
reductions in unscheduled visits associated with 10 percent reductions in
the relevant air pollution measure.

Since there have been a nunber of studies suggesting the inportance
of interactions between air pollutants and their conbined effects on
heal th, we exami ned the possibility of synergistic effects. In
particular, we concentrated on synergistic effects of oxidants in conbi-
nation with nitrogen dioxide, sulfur dioxide, and carbon nonoxide. No
evidence of interactive effects was found.

W then exam ned the effects of two additional weather variables, a
nmeasure of precipitation and a neasure of tenperature change. Predoni nant
interest lay in the effects that including these variables had on the magnitude
and significance of the coefficients associated with the air pollution
variables. Secondary interest was focused on the influence of the specific
weat her variables on departnent utilization, In nost cases the inclusion
and substitution of particular weather variables did not greatly affect the
magni tude and significance of the coefficients of the air pollution variables.



TABLE 2.1. POSITIVE AND SI GNI FI CANT ASSOCI ATI ONS BETWEEN
UNSCHEDULED VI SITS AND AR POLLUTI ON LEVELS a/

Air pollutantb/ Unschedul ed Visits to Departnents
Moni tori ng Internal Ugent Visit
Station (year.) Pediatrics Medicine Opht hal nol ogy dinic

Phot ochemi cal

Oxi dant s
CAVP 1973 1. 1%
CAVP 1974 0. 9% 4.3% ***
dv. Park 1974 0. 5%

Carbon Mbnoxi de
CAWP 1973 1S **>

D.C. Hosp. 1973 0. 6%

Sul fur Dioxide
D.C. Hosp. 1973 1.5%*

ACS 1973 0. 4%

i/Numbers represent percentage reductions in unschedul ed visits associated
with a 10 percent reduction in the relevant air pollution neasure.

b : . .
—/All air pollution measures are based on maxi mum one-hour averages.

*Significant at the 10 percent |evel.
**Significant at the 5 percent |evel.
***Significant at the 2 percent |evel.

***xSignificant at the 1 percent level.




The only notabl e exception occurred when the variable representing
tenperature change was substituted for the average tenperature variable.
In this case, the air pollution coefficient displayed mixed effects. This
was primarily attributed to the relatively high correlation of average
tenperature with certain air pollution variables.

In general, the weather variables did not exhibit inportant
relationships with unschedul ed department wutilization. However, in
several cases, tenperature change (as neasured by the difference between
the maxi mum daily tenperature and the mininum daily tenperature) was
positively and significantly related to the utilization data. This was
especially true for the pediatric visits.

The next analysis we undertook was a conmparison of the results just
di scussed with those based on an analysis of Metro Transit Enpl oyees
(Metro). Because of small sanple sizes, we examned total departnent
visits rather than only unschedul ed departnent visits. In general, the
results based on the Metro sanple did not display consistently significant
associ ations between visits to the clinic departments and air pollution
levels. The only exception was the association exhibited between visits
by the Metro enployees to the ophthal nol ogy department and photochenical
oxidant levels during 1974. W concluded that the findings for the Metro
sanple were not at great variance with the previous results based on
unschedul ed visitation by the total sanple. However, given the linited
data and the difficulties associated with analyzing small sanples, we
cautioned against overinterpretation of this conclusion.

Finally, we exam ned the findings pertaining to the data from a
smal ler GHA facility located in Takoma Park. In general, the associations
involving the Takona Park data were weaker than the associations based on
the data fromthe main facility. Several possible explanations for this
were presented. Since Takoma Park had no ophthal nol ogy departnent and
since the sanple sizes at Takoma Park were considerably snaller than those
pertaining to the Pennsylvania Avenue clinic, we do not feel that these
results negated our previous findings.



SECTION |11

I NVESTI GATING THE AIR POLLUTI ON-HEALTH RELATI ONSHI P

| NTRODUCTI ON

For nore than half a century, scientists have been accumulating evidence
that associates ill health with air pollution. One hypothesized relationship
between air pollution and human health involves long-term exposure to |ow
levels of air pollution. It is hypothesized that this chronic |ong-term ex-
posure exacerbates existing disease or increases the susceptibility to disease
A second hypothesized relationship is nore subtle and involves an acute re-
sponse in which high concentrations of air pollutants have an inmmediate effect
on heal th.

In a classical framework, testing these hypothesized relationships would
be based on the assunption that the functional specifications were given and
that the relevant variables were known. Statistical theory would then offer
procedures for testing conpeting hypotheses. However, in examnining the asso-
ciations between air pollution and health, the functional fornms of the rela-
tions are not known and there are only conjectures concerning the factors that
shoul d be included. This is especially true with regard to the health effects
of nobile-source pollution where even the qualitative relationship is quite
uncertain. Finally, it should be stressed that for policy purposes it is not
sufficient to know only qualitatively whether air pollution is associated
with ill health; it is essential to quantify the air pollution-health rela-
tionship.

A basic difficulty in investigating the air pollution-health relationship
is isolating the effects of air pollution fromthe effects of numerous other
factors that influence health status. These include physical, socioecononc,
and personal characteristics such as age, sex, race, income, snoking habits,
exercise habits, genetic history, nutritional history, and medical care as well
as other environmental factors such as climate. In order to estimate the
effect of any one of these factors on health the others must be held constant
experimentally or controlled statistically. 1/

An ideal investigation of the association between air pollution and
health woul d control for all of the above factors. Unfortunately, many of
these factors are difficult to nmeasure conceptually (e.g., genetic history),
while others are poorly neasured in existing statistics (e.g., nedical care).
Since we do not even know all the relevant factors, the practical difficulty
is to control for as many factors as possible, either experinmentally or sta-
tistically, explicitly or inplicitly.

An additional problem surrounds the fact that there is a lack of data on
air pollution doses and dose rates. Available air pollution data are usually
inthe formof air pollution level readings at a specific point in a geographi-

1/ Only in the renote case in which a particular factor was uncorrelated with
all the others could one uncover the “true” effect of that factor using a
uni variate approach.



cal area for a given time period. However, |gcal topography, |ocation and

hei ght of buildi ngs, weat her conditi 0NnS, and location of em ssion sour ces,
often lead to considerable differences in the actual anbient air quality
across an area. Consequently , the air pollution neasures are, at best, ap-
proxi mations to the air pollution doses individuals receive. Thus, the data
on the variable of primary interest are crude and any estimated air pollution-
health relationship is subject to additional uncertainty.

LABORATORY AND TOXI COLOG CAL EXPERI MENTATI ON

Laboratory experimentation on humans can sometinmes provide useful infor-
mation. For exanple, short-term fumgation experiments may be helpful in
uncovering the physiological nechanisns by which air pollutants affect humans
However, in many instances it is not practical to perform such experinents
If extrenely high levels of air pollution are hypothesized to harmpeople, it
woul d not be socially acceptable to expose subjects to these levels in order
to nmeasure the physical effects. Mre inportantly, since air pollution con-
centrations of the nmagnitude required to denonstrate these effects in the
| aboratory are seldom experienced in urban air, it is questionable whether
the results of such experinents are valid in assessing the effects of air pol-
lution exposure on the general population. Finally, if the hypothesized
effect is small, it may not be feasible to test for it in the laboratory (e.g.
a slight increase in the nortality rate of subjects with life expectancies of
70 years could require hundreds of thousands of subject-years to ascertain).

Since experimentation on humans may not be practical, |aboratory experi-
ments with animals may be useful in obtaining inmportant know edge of pollution
effects. However, differences in physiology, life span, and dose rate make it

difficult to extrapolate results from animal studies to effects on hunans.
Furthernore , policymakers are nore interested in determning the extent to
which a pollutant increases the frequency of a disease in the general popul a-
tion than whether high concentrations of the pollutant induce the disease in
white mce under controlled |aboratory conditions. Thus, epideniological
studies which examine humans in their natural setting are nore relevant than
are |aboratory experiments. 2/

EPI DEM OLOG CAL  APPROACHES

In review ng these epideniological studies, one is usually faced with two
types of investigations. The first type represents classical epidemology and
attenpts to conpare groups that differ only in their exposure to air pollution.
The ultimate exanple would be a study that [ooked at the incidence of disease
anong sets of identical twins, one of each set living in an area of |ow pollu-
tion and the other living in an area of high pollution. 3/

The second type of investigation examines the incidence of disease in
| arge, geographically-defined groups. &/ Such large groups permit controls

2/ Studies of highly susceptible populations may also be useful in identifying
the potential increment in pollution-related illness and death.

3/ See, for exanple, Cederlof [9].

4/ See Hammond and Horn [- 211



for other inportant factors, but preclude the detailed conparisons that are
possible with nore classical methods. Both types of investigations aid in
exploring the air pollution-health association.

The extensive literature that has evolved from investigations of the air
pol lution-health relationship covers the gamut of epidem ol ogical research.
One of the earliest and mpst common nethods of analysis involved cross tabu-
lations or sinple correlations. For exanple, the preval ance of a disease
(or even death) in specified population groups was correlated with sone index
of air pollution. 5/ The difficulty in using the results of such studies is
that a host of other factors were allowed to vary across populations and it
is inpossible to identify the “pure” pollution effects.

Recogni zing the need to control for other inportant factors affecting
health, sone investigations cross tabulate along several dimensions (e.g.
age, race, incone), while others conpute partial correlations. 6/ However,
even these nore sophisticated statistical techniques wll not produce reliable
estimates of the air pollution-health relationship if the groups being com
pared are not well matched. For instance, if a study conpares urban with
rural groups, the multitude of factors that differ between urban and rura
environments (in addition to pollution levels) cannot be controlled conpletely
by statistical nethods. One is inevitably left with a number of inportant
uncontrol led factors known to vary systematically with urbanization.

An inprovenent in nmethodology is represented by comunity studies. 7/
Wilizing air pollution measurements across areas of a city, such investiga-
tions contrast measures of health status within those areas, hypothesizing
that many relevant factors are constant or vary randomy w thin comrunities.
However, such studies have problenms associated with snall sanple sizes and
the consequent large sanpling variation. 8/ In addition, systematic relation-
ships between such factors as |ow incone and exposure to high air pollution
level s often confound the observed associations.

Thus, two major shortcomings with attenpts to investigate the association
between air pollution and health have been (1) failure to control for the
numerous factors that influence health status and (2) sanple sizes too small
to lend confidence to the results.

MULTI VARI ATE ANALYSES 9/

To a large extent nultivariate analyses of large popul ations can overcone
many of the difficulties in estimating the air pollution-health relationship.

5/ See Stocks [ 37).

6/ See, for exanple, Daly [13].

7/ See, for exanple, the Nashville studies undertaken by Zeidberg and his co-
workers [46-50] or the Buffalo studies done by Wnkelstein and his

col | eagues [40-45] listed in the bibliography.

See the discussion on this topic in Lave and Seskin [28].

8/
9/ Specific multivariate techniques are discussed in Section VII.



Since these techniques can be used to control statistically for a nunber of
confounding factors sinultaneously, they can reduce the likelihood that such
factors will obscure or bias the dose-effect estimates. In addition, the use
of these methods |essens the chances that an estimate will reflect a spurious
associ ation

For exanple, assume that a specific air pollutant that was not damaging
to plants could only be forned in the presence of certain neteorological con-
ditions. Further, assume that these weather conditions were damaging to
pl ants independent of pollution levels. Then if an analysis was undertaken
relating only levels of this air pollutant to plant damage across areas, it
woul d probably uncover a significant positive correlation. That is, the
anal yst night erroneously conclude that this air pollutant caused plant
damage. The difficulty arises because the "true" cause of both the air pollu-
tion and its hypothesized effect (plant damage), i.e., the meteorol ogical con-
ditions, were not controlled in the analysis. Thus, in general, to avoid or
mnimze this type of spurious association, confounding factors nmust be ex-
plicitly taken into account. 10/

Two basic types of multivariate anal yses can be used to explore the air
pol lution-health association. The first, cross-section analysis, investigates
a nmeasure of health status (e.g., nortality rates) across areas having differ-
ent air pollution levels, while controlling for other area differences (e.g.
soci oeconom ¢ characteristics). 11/ The second type, tine-series analysis,
examnes a health nmeasure within a single |ocation experiencing changing air
quality over a period of tinme. 12/ Thus, one advantage of the tine-series ap-
proach is that nmany of the factors (excluding air pollution) which |ead the
nmortality rate to be higher in one area than in another area, should be rela-
tively constant over tine within an area.

In conparing the two approaches, it should be noted that any estimted
relationship between air pollution and health is likely to be different in a
time-series study than in a cross-section study. For exanple, analyzing daily
deaths in conjunction with daily air pollution levels should prinarily un-
cover very short-term effects of air pollution (if they exist) as opposed to
long-term effects one would expect to observe in a conparison of annual death
rates across cities.

RESULTS OF A SIM LAR STUDY

Jaksch and Stoevener [25] attenpted to quantify in nonetary terns the
effect of air pollution on the utilization of outpatient medical services in
the Portland, Oegon area. The study focused on the inpact of suspended par-
ticulate pollution on the consunption of outpatient medical services per dis-
ease episode. To isolate this effect, neteorological conditions in the area
as well as socioecononi c-denmpgraphic characteristics of the patients were con-
trolled. Health data were taken from a five percent ongoing random sanple of
the menbership of the Kaiser Foundation Health Plan, a prepaid group nedica
pl an.

10/ For an excel |l ent discussion of spurious correlation, see Sinon [35].
11/ See, for exanple, Lave and Seskin [29].
12/ See G asser and Greenburg [16].

10



The met hod of analysis involved the application of nultivariate regres-
sion analysis to the data using nmodels with both unlagged and |agged air
pol lution and weather variables. The statistical results indicated signifi-
cant effects of air pollution (as measured by suspended particul ates) on
nmedi cal services used to treat respiratory diseases, but not on nedica
services used to treat circulatory-respiratory diseases

In addition, each nedical procedure, treatnent, and clinic visit was
assigned a dollar value according to the California Relative Value System
This scaling system was used by Kaiser to quantify the nedical services per-
formed,. As an econonic cost, the researchers concluded that air pollution
had a minimal effect on increasing the quantity of outpatient nedical ser-
vices consuned per contact with the nedical system

11



SECTION IV

A DESCRI PTION OF THE STUDY AREA AND THE GROUP HEALTH ASSCCI ATI ON

THE STUDY AREA 1/

The area of study can be roughly described as the section of the Washing-
ton Standard Metropolitan Statistical Area enconpassed by U S. Interstate 495
(the Beltway). Shown in Figure 4A this 164,753 square acre area includes
the District of Colunbia, Arlington County, parts of Fairfax County, and the
city of Alexandria, Virginia as well as portions of Mntgonery and Prince
CGeorges Counties in Maryland. Wth a population of 1,707,668, the study area
accounts for approximately 62 percent of the entire Washington SMSA popul ation
of 2.9 mllion.

Met ropolitan Washington is situated on the western edge of the Atlantic
coastal plain, 35 mles west of the Chesapeake Bay. The Bl ue Ridge Muntains
rise to 3,000 feet about 50 mles to the west with an orographic effect of
warmng and drying westerly winds. The coastal plain to the east of the study
area is essentially flat. Although no topographical barriers exist between
the study area, the Chesapeake Bay, and the Atlantic Ccean, the Washington
Metropolitan Area is too far inland to be affected by summer sea breezes.

The District of Columbia, the largest city in the study area, (population
767,000) is located at the head of navigation of the Potomac River near its
confluence with the Anacostia River. The terrain of the city itself ranges
fromsea level to slightly over 400 feet. Bluffs along the Potonac River and
Rock Creek, and to the southeast and east of the Anacos tia River suggest sone
channeling of the airflow, but, generally, the terrain does not inpede the
free novenent of air about the city.

The Washington area climate has the seasonal and daily variations charac-
teristic of the eastern seaboard, with noderate winters and frequent intervals
of high hum dity and oppressive heat in the summer. During the summer, high
tenperatures average in the upper eighties. The average annual precipitation
is about 40 inches, with no pronounced wet or dry season. Annual snowfal l
averages about 20 inches.

The frequent novenent of cold arctic air nmsses into the Mddle Atlantic
States from Canada results in a prevailing northwest flow of unstable air in

Washington from |late November through April. The unstableness and relatively
high wind speeds attending these air nmsses result in good atnospheric dilution
conditions. In general, the winter and spring months constitute the period of

most frequent unstable weather in Washington (i.e., storminess and high w nds)
and thus result in good atnospheric dilution and good ventilation in the |ower
at nosphere.

The summer and fall nmonths are characterized by a reduction of wnd speed
and the preval ance of southerly winds. These nonths also have a higher fre-

1/ This information was taken from[39].
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FIGURE 4A. THE WASHINGTON METROPOLITAN AREA
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quency of cloudiness and light wind conditions during nocturnal hours per-
mtting a higher frequency of radiational surface-based inversions to form
Consequently, the sumer and fall seasons constitute the period of [|owest
ventilation and hi ghest potential for atnospheric stagnation in the Washing-
ton area.

THE GROUP HEALTH ASSOCI ATI ON

The Goup Health Association (GHA) is the |argest and ol dest prepaid
group practice nedical care plan for persons living in the Washington, D.C
Metropolitan Area. 2/ As of Decenmber 31, 1973, GHA had approxi mately 90,000
menbers. Enrollment by residential location was as follows: District of
Col unbia - 50% Maryland - 35% and Virginia - 15% Until the end of 1973,
GHA operated from four health center |ocations: The Downtown Center (hence-
forth referred to as the Pennsylvania Avenue Center), the Labor-Minagenent
Heal th Center (henceforth referred to as the Takoma Park Center), and two
snal l er centers in Annandale, Virginia and in Northwest Washington. 3/ A
fifth center was opened in Rockville, Maryland at the beginning of 1974.

The menbership of GHA is conprised of basically three types of enrollees:
Federal, metro, and general. The largest group (about 75% consists of Federal
government enpl oyees. The next |argest group (about 15% is made up of enploy-
ees of the Washington netropolitan transit system (Metro). The general nenber-
ship (about 10% includes college students, medicaid participants, and other
m scel | aneous enrollees. Figures 4b and 4c and 4d and 4e indicate the GHA en-
rol I ment distribution by sex and mmjor age groups, respectively, for 1973 and
1974. Figure 4f indicates the GHA enrollment by 5-year age groups for 1973. 4/

Menbers of GHA pay a monthly premum which in turn provides a broad range
of nedical care. The services that are outpatient in nature are provided in
GHA health care centers. Inpatient services are provided in neighboring hos-
pitals. The services provided by GHA include physician visits in the health
centers or in the hospital, hospitalization, surgery, laboratory tests and
X-rays, emergency service, nmental health, and routine physical examninations,
anong other medical services. In 1973, the utilization of GHA facilities had
the follow ng characteristics: 0.97 injections per enrollee, 1.32 X-ray filns
per enrollee, 9.92 |aboratory tests per enrollee, and 3.25 physician visits per
enrollee. 5/ In 1974, the figures were: 0.89, 1.38, 9.60, and 3.29, respective-

ly.

A nunber of factors can affect the utilization of medical services at the
facilities, both fromthe supply side and the demand side. For example, supply,
or capacity to deliver, influences utilization rates. Physicians usually join
the GHA staff in July. Hence, in some instances backlogs may develop in areas
of elective treatment and this, in turn, can bias utilization upward during the

2/ As with other group practices, physicians are organized into a medical group
or partnership, from which they receive their salaries.

3/ The Northwest Washington center closed August 15, 1975.

4/ These data were not available for 1974.

5/ This does not include visits with referral for physicians or retainer physi-
cians; nor does it include (1) hospital calls, of which there were 35,853 for
1973, estimated on a nminiml basis of one call for each hospital day, or (2)
home calls of which there were 619 in 1973.
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summer nonths when the staff has increased. &/ In addition, there is some
novenent of patients between facilities. For ins tance, if staffingis lowin
a particular departrment at a specific center, patients can be shifted from one
clinic to another. A nore extreme situation took place when the new GHA fa-
cility opened in Rockville, Maryland. Patients previously utilizing the
center in Takoma Park now had the option of using a new facility that was in
Some cases nmore convenient.

On the demand side, it should be noted that the Federal “open season,"
i.e., the period in which governnent enpl oyees can join GHA begins in Novenber.
Consequently, since the mpjority of GHA menbers are civil service workers, this
neans that utilization can increase substantially during the winter nonths as
new enrollees join the plan. ,Both the supply and demand factors wll be taken
into account in the subsequent anal yses

Access to the GHA data for this study was indeed fortunate. Anelyaia in
the air pollution-health area has been hanpered by the |ack of basic data. For
exanpl e, very fev neasures of a population’6 health statue are available. In
fact, the only information that i s available on a conprehensive basis consists
of nortality rates. Since many of the health effects of air pollution (par-
ticularly nobile-source pollution) are likely to manifest thenselves in |ess
severe conditions,the scarcity of other health nmeasures has presented a serious
problemto the analys t and, in turn, to the policynaker. The extensive norbidity
data from GHA permt significant questions co be answered on the conpl ex issue
of the health effects of nobile-source air pollution.

8/ This phenomenon is not likely to be an inportant factor in our analysis
since we will be focusing primarily on "urgent" or unschedul ed non-el ective
cases.
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At the same tinme, two additional caveats should be mentioned regarding
the use of these data. The first is that the socio-denmographic character-
istics, such as the racial conposition and inconme distribution, represented
by the GHA nenmbership may not be typical of the socio-denographic character-

istics of the entire netropolitan Washington population. The second, and
related point, is that the utilization of medical services by GHA nenbers

may also be different than the utilization of nedical services by the genera
Washi ngt on popul ati on.
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SECTION V

COWPI LI NG THE MEDI CAL DATA

| NPATI ENT VS, QUTPATI ENT DATA

As noted previously, there are basically two types of nedical services
offered by GHA: outpatient care at health centers and inpatient care in
local hospitals. In this study only outpatient data will be exami ned. The
chief reason for this lies in the fact that the subtle health effects of
exposure to air pollution (especially nobile-source air pollution) are not
likely to manifest thenmselves in a time-series analysis of inpatient data
such as hospital admssions. Exceptions to this mght take place if either
the sanple were restricted to extremely vulnerable individuals (e.g., heart
patients) or if the sanple were limted to emergency roomadm ssions. Neither
of these limtations was feasible for this analysis.

(One caveat that should be nmentioned with regard to the use of outpatient
data is that only within-plan utilization is accounted for. |If a patient re-
ceived nmedical services outside the GHA system such services would not be
captured in the data. By their very nature, inpatient data are nuch |ess sub-
ject to this problem Neverthel ess, despite this disadvantage, outpatient
data would seemto be far nore relevant than inpatient data in examning the
health effects of air pollution on a daily basis.

THE SELECTED OUTPATI ENT DATA

Virtually all registration information recording visits to nine depart-
nments at the GHA Pennsylvania Avenue Health Center and at the Takoma Park
Health Center during 1973 and 1974 was collected for analysis. 1/

The departnments were:

Urgent Visit Cinic (both centers)
Internal Medicine (both centers)
Pediatrics (both centers)
Optonetry (both centers)

Opht hal mol ogy (Pa. Ave. only)

The reasons for selecting these departnents are discussed in the next section.

For each visit, both patient infornmation and service information were
available, Briefly, the patient information consisted of six items: the
Policy group to which the patient belonged, the type of menmbership plan, the
nmenbership status of the patient, restrictions on policy coverage of the
Patient, the patient's sex, and the patient's age.

1/ The study was restricted to these two centers since they account for approxi-
mately 84 percent of all visits made to GHA facilities in the Washington
area.
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In addition to the department and the date in which the service was
rendered, the other service information included the doctor number and the
type of visit. The type of visit will be of particular inportance to this
analysis. 2/ The six possible types of visits are: urgent visit, regular or
schedul ed visit, general physical exam nation, well baby care, unschedul ed
appoi ntment, and OB/ GYN (obstetrics/gynecol ogy).

For our purposes the last category, OB/GYN, is not relevant since we did
not collect utilization data pertaining to obstetrical or gynecol ogical visits.
The urgent visit classification applies only to visits at the Ugent Visit
Ainics. Regular or scheduled appointnents can take place at any of the re-
mai ning four departnents. General physical exanminations are given in both
the internal nmedicine and pediatric departnents. Well baby care only applied
to the pediatric departnment and involves routine checkups of infants follow ng
their birth until the age of three or four. As with regular or scheduled ap-
poi nt nents, unschedul ed appointnents can take place in all departments except
the Urgent Visit dinic where such visits are termed "urgent visits."

THE SELECTION OF DEPARTMENTS

The departnents |isted above were chosen for several reasons. Since
July 1, 1973, the Ugent Visit Cinic (UC) at the Pennsylvania Avenue Center
operated 24 hours a day seven days a week. Prior to that time, it operated
six days a week from 9:00 amto 10:00 pm The ULat Takoma Park operates
9:00 amto 4:30 pm Mondays through Fridays and 9: 00 amto 11: 00 am on Satur-
day. These two clinics operate on a basis whereby GHA nenbers can walk in off
the street and seek immediate treatnent for ailnents without prior appointnents.
At the discretion of the WC staff, members are either treated inmediately or
referred to nore specialized departments. As a general rule visits are offi-
cially recorded in the department in which a nenber receives treatment. Thus,
WC "wal k-ins" referred to other departnents would be recorded as unschedul ed
visits in those departments. In 1973 the two Urgent Visit Cinics saw ap-
proximately 45,000 and 15,000 patients, respectively (see Tables 5.1 and 5.2).3/
Since one mght hypothesize that the type of health effects from air pollution
woul d cause patients to utilize such facilities, and since other investigators
have found that simlar clinic visits have been correlated to air pollution
epi sodes, 4/ data from these clinics were thought to be of particular interest.

The internal medicine departnents at both centers operate between the
hours of 9:00 amand 5:00 pmfive days a week. 5/ In 1973 they saw about
45,000 and 10,500 patients, respectively (see Tables 5.1 and 5.2). The three

2/ W did not feel that the attending physician was a relevant factor for

anal yzing the occurrence of unscheduled visits.

3/ Tables 5.1 and 5.2 present a breakdown of the departnent visitation data for
1973 by type of visit for the Pennsylvania Avenue Center and the Takonma Park
center, respectively. Tables 5.3 and 5.4 present a similar breakdown for
the 1974 data.

/ See Greenburg et al. [18].

/ In addition, the internal medicine department at the Pennsylvania Avenue
Center sees patients between 9:00 am and 12:00 noon on Saturdays and the
internal nedicine departnment at Takoma Park sees patients between 9:00 am
and 11: 00 am on Sat ur days.

4
3
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TABLE 5. 1. 1973 GHA DATA ( PENNSYLVANI A AVENUE)

Depar t nent
Type of ot onetry I nternal Pedi atrics Opht hal - Urgent Visit Tot al
Visit Medi ci ne mol ogy dinic
Ur gent
Visit 0 0 0 0 44,795 44,795
(100. 0% (31.1%
Regul ar
Visit 14, 668 29,925 1,873 5,227 0 51, 693
(97.2% (66.6% (5.99% (70.2% (35.9%
‘Gener al
Physi cal 0 10, 352 6, 924 0 0 17, 276
(23.0% (21.8% (12.0%
el | Baby
Care 0 0 9, 814 0 0 9,814
(31.0% (6.8%
lUnschedul ed
Appoi nt ment 427 4,682 13,078 2,221 0 20, 408
(3.89% (10. 4% (41.3% (29.8% (14.2%
Tot al 15, 095 44, 959 31, 689 7,448 44,795 143, 986
(10.5% (31.2% (22.0% (5.2% (31.1% (100. 0%
Not e: Except for the last row of nunbers, the percentage figures in parentheses all sum by

column (departnent) to represent the conposition of departnent visits by type of visit.
The last row sums across to represent the conposition of total visits by department.




TABLE 5.2. 1973 GHA DATA (TAKOMA PARK)

44

Department
Type of Optometry Internal Pediatrics Ophthal- Urgent Visit Total
Vis - -~ 2r _® _ _ PO, e N2l A
Urgent
Visit 0 0 0 0 15,398 15,398
(100%) (100%)
Regular
Visit 4,503 7,337 704 0 0
0 4% ’ 12,544
(99.4%) (70.3%) (4.3%) (26.8%)
General
Physical 0 2,871 3,012 0 0 5,883
(27.4%) (18.3%) (12.6%)
Well Baby
Care 0 0 3,412 0 0 3,412
(20.8%) (7.3%)
Unscheduled
Appointment 29 235 9,297 0 0 9,561
0.6%) 2. 3%) (56.6% (20.42)
Total 4 P2 10,443 16,425 0 15,398 46,798
9.°7) (22.3%) (35.1%) (32.9%) (100.0%)

Note: Except for the last row of numbers, the percentage figures in parentheses all sum by

column (department) to represent the composition of department visits by type of visit.
The last row sums across to represent the composition of total visits by department.
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TABLE 5. 3. 1974 GHA DATA ( PENNSYLVANI A AVENUE)
Depart nent
Type of Opt onetry | nt ernal Pediatrics Opht hal - Urgent Visit Tot al
Visit Medi ci ne mol ogy dinic
Ur gent
Visit 0 0 0 0 53, 439 53, 439
(100. 0% (35. 4%
Regul ar
Visit 14, 436 33,628 2,008 5,544 0 55,616
(92. 8X) (77.6% (6. 4% (73.6% (36.8%
CGeneral
Physi cal 0 6, 840 6, 816 0 0 13, 656
(15.8% (21.99% (9.09%
Vél | Baby
Care 0 0 6, 442 0 0 6, 442
(20.7% (4.3%
Unschedul ed
Appoi nt ment 1,106 2,849 15, 883 1,993 0 21,831
(7.29% (6.6% (51. 0% (26. 4% (14.5%
Tot al 15, 542 43, 317 31, 149 7,537 53, 439 150, 984
(10. 3% (28.7% (20. 6% (5.0% (35. 4% (103. 0%
Not e: Except for the last row of nunbers, the percentage figures in parentheses all sum by

colum (department) to represent the conposition of departnent visits by type of visit.
visits by departnent.

The |ast

row suns across to represent the conposition of total
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TABLE 5. 4. 1974 GHA DATA ( TAKOVA PARK)
Depar t nent
Type of Opt onetry I nt ernal Pedi atrics Opht hal - Urgent Visit Tot al
Visit Medi ci ne nol ogy dinic
Ur gent
Visit 0 0 0 0 13,793 13,793
(100. 0% (32.5%
Regul ar
Visit 3,768 8, 096 1, 056 0 0 12,920
(99. 0% (73.2% (7.7% (30.4%
Cener al
Physi cal 0 2,464 2,183 0 0 4,647
(22.3% (15.8% (11.0%
el | Baby
Care 0 0 1,823 0 0 1,823
(13.2% (4.3%
Unschedul ed 37
Appoi nt ment (L% 503 8,714 0 0 9, 254
(4.5% (63.3% (21.8%
Tot al 3, 805 11,063 13,776 0 13,793 42,437
(9.0% (26.1% (32.4% (32.5% (100. 0%

Not e: Except for the last row of numbers, the percentage figures in parentheses all sum by
colum (departnent) to represent the conposition of department visits by type of visit.
visits by department.

The | ast

row sums across to represent the conposition of total
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types of visits to the internal nedicine departnments are: regular schedul ed
appoi ntments, general physical, and unschedul ed appointnents. Al though a rela-
tively small percentage of the visits to the internal nedical departnents are
unschedul ed appoi ntnents, there is a procedure whereby patients may call the
physicians and if deemed, necessary an appoi ntnent can be schedul ed within

a day or two. Thus, even though the appointnent will be recorded as being
previously scheduled, it may be air pollution-related. 6/ In addition, since
studi es have linked respiratory illness and cardiac distress to air pollu-
tion, 7/ the internal nedicine department which sees patients with these con-
ditions seemed quite relevant for our analysis

The pediatric departments at both the Pennsylvania Avenue and Takoma Park
facilities follow approximately the same schedule as the internal nedicine
departnments. 8/ In 1973 they saw about 31,500 and 16,500 children, respective-
ly* As shown in the tables, there are basically four types of visits that
occur in the pediatric departnments: regular schedul ed, general physicals,
wel | baby care, and unschedul ed appointnents. Primary attention will be
focused on the unscheduled visits; however, in general, the visitation data
pertaining to small children are of interest because there is evidence in the
literature that the very young as well as the very old are especially suscep-
tible to health effects fromair pollution. 8/

The final departnents from which we collected data were the optonetry
and opht hal nol ogy departnents. As noted above, Takoma Park has no ophthal -
mol ogy department. In addition, their optonetry department only operates
during the hours 9:00 amto 1:00 pmand 2:00 pmto 5:00 pm Monday through
Friday and 9:00 amto 1:00 pmon Saturday. At the main Pennsylvania Avenue
facility, both departments operate five days a week between 8:40 am and 5:00 pm
and on Saturday between 8:30 amand 12:30 pm  (See Tables 5.1 to 5.4 for a
breakdown of these departnents by type of visit.) These departnents see indi-
viduals with eye problens and since eye disconfort is one of the primry synp-
toms that has been related to nobile-source pollution 10/, it was felt that
exam ning the frequency of visits to these departnments would be particularly
relevant for the study. 11/

PREPARI NG THE GHA DATA FOR USE

The visitation data were received from GHA on a magnetic tape. The tape
contained information representing 190,784 visits for 1973 and 195,903 visits

6/ These visits are called "wite-ins." Unfortunately, our data do not permt
i dentification of them

See Cohen et _al. [IIl].

The only difference is that the pediatric departnent at Pennsylvania Avenue
is open until 1:00 pm on Saturdays

See for exanple the study that was undertaken by Pearlman et al. [33]. It
investigated the relationship between illness of the lower respiratory tract
and nitrogen dioxide exposure in school children and infants.

See for exanple Hammer et al. [20].

After the fact, it was learned that the optometry departnents al most exclu-
sively saw patients with problens relating to vision correction; hence
these data were not utilized in the subsequent analyses.
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for 1974, Since interest lay in the day-to-day relationship between GHA uti -
lization and both daily air pollution and daily weather conditions, it was
necessary to aggregate these data on a daily basis

Specifically, for each day of the year at each of the two health centers
in each of the nine departnents, the following itens were calculated and a
new tape containing the information was created

1. The nunber of patient visits affiliated with each of the five
policy groups.

2. The nunber of patient visits in each of the nine nenbership
pl ans.

3. The nunber of patients having each of the five possible nmenber-
ship statuses.

4, The nunber of departnent visits of patients with restricted
policy coverage.

5.  The nunber of department visits by nale patients and the nunber
of departnment visits by female patients.

6. The nunber of department visits of patients in each of five age
categories: under 1 year, 1 to 14 years, 15 to 44 years, 45 to
64 years, and 65 years and older. 12/

7. The nunber of clinic visits in each of the five types discussed
above. 13/

12/ These age classifications were chosen because they correspond to the age
breakdown used by Vital Statistics. In addition, there is reason to believe
that air pollution could exhibit differential health effects across these
age groups. See Lave and Seskin [28].

13/ This information was not all used in this analysis. The neans and standard
deviations of the specific health utilization variables used in the analysis
appear in Appendices A and B.
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SECTION VI

COWPI LING THE AIR POLLUTI ON AND METEOROLOG CAL DATA

THE AIR PCLLUTI ON DATA

The air pollution data used in this research cane from the Governnent of
the District of Colunbia, Department of Environnental Services. The specific

ways in which the raw data were transformed for use in the analysis will be
di scussed bel ow

Metropolitan Washington's primary air pollution problem involves photo-
chemical oxidants. This air pollutant, which is often referred to as photo-
chenmical snpg, is a secondary air pollutant, It is not emtted directly into
the atnosphere by any source, but is created in the atmsphere by conplex
chem cal reactions triggered by sunlight acting on precursors--hydrocarbons
and nitrogen oxides. Figures 6a and 6b show the maxi mum one-hour readings in
relation to the prinmary and secondary national standard (0.08 ppm across
several monitoring stations in the region for 1973 and 1974, respectively.

As can be seen, each station exhibited readings in excess of the standard. 1/

Note, too, that in nobst cases the levels reported at these stations did not
differ greatly.

In addition to measurenents of photochenical oxidants, readings were

also available for its two precursors, hydrocarbons and nitrogen oxides. Wth
regard to hydrocarbons, principal interest is focused on the levels of non-

met hane hydrocarbons. 2/ Levels of non-nethane hydrocarbons are deternined

by nmeasuring separately the total hydrocarbons and nmethane at a monitoring
Station. 3/ In 1973, the primary and secondary standard for non-net hane hydro-
carbons was exceeded on 165 days of the 225 days for which data were valid.
(Bar graphs were not available.)

Probably the nobst frequently nentioned oxide of nitrogen is nitrogen
dioxide (NO,). Nitrogen dioxide is formed when fuels are burned at high
tenperatures with air containing nitrogen. Autonobiles and power plants are

1/ 1t should be noted that the actual air pollution data used in the analysis
were not identical to those data represented in the graphs. The data repre-
sented in the graphs were obtained from publications of the Metropolitan
Washi ngton Council of Governnents and only depict nmaxi mum readings taken at
a nunber of stations throughout the region. For our statistical analyses
we required nore conprehensive data on a daily basis. As noted earlier,
these were obtained fromthe District of Colunbia, Department of Environ-
ment al Services
In fact, the national standards were fornmulated in ternms of non-methane
hydrocarbons because they were thought to be nmobre photochemically reactive
3/ The readings of non-nethane hydrocarbons are probably subject to nore un-
certainty than the other air pollution readings because of difficulties

associated with the measurenent of nethane and the fact that two machines
are involved.

I~
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the principal emssion sources for this air pollutant. |n 1973, the levels
of nitrogen dioxide obtained from the sanpling stations in the Mtropolitan
Washi ngt on Area were sonewhat below the national primary and secondary stan-
dard (0.05 ppm.

Carbon nonoxide is another air pollutant emtted by nobile-sources--
autonobil es, trucks, and pl anes. This colorless, odorless, tasteless gas
is caused by conbustion of fuels with insufficient oxygen. Levels of carbon
monoxi de across the metropolitan region have also been at or above the pri-
mary and secondary national standard (9 ppm nmaxi mum 8-hour average). Figures
6c and 6d show the relation of nonitored levels to the standard at a nunber
of stations in 1973 and 1974, respectively.

Qher air pollutants that would be of secondary interest in a study such
as this one include suspended particulate matter and sulfur dioxide. 4/ Par-
ticulates are fine pieces of dirt and dust that are so snall they tend to
float--suspended in air. Min-made particulates are primarily emtted by
stationary sources (e.g., power plants, businesses, schools, residences
and industrial operations) when fuels such as oil and coal are burned. 5/
Simlarly, sulfur dioxide is a gas formed when a fuel containing sulfur (coa
and oil in particular) is burned. Consequently, stationary sources are, again,
the primary emtters of this air pollutant.

COLLECTI NG AND PREPARI NG THE AI'R PCLLUTI ON DATA FOR USE

Specifically, the air pollution data were taken from[5 & 6]. These
publications by the District Government report air pollution readings noni-
tored at a nunmber of stations within the District of Colunbia (see Table 6.1).

A nunber of missing observations occurred in the air pollution data
series. Consequently, to handle the problem of missing air pollution readings
we adopted the technique of sinple linear interpolation. This nethod replaces
the missing data in a series by a linear interpolation of the nuneric values
before and after the missing point(s). The nmethod can be used to handle con-
secutive mssing observations as well as mssing observations that may occur
at the beginning or end of a series. 6/ The general fornula for linear inter-
polation is:

val ue - val ue

value, = val ue + L t-|
t - t-1 n

where value; is the nuneric estimate used to replace the missing data point
and n is the nunber of consecutive observations that are missing (it can, of
course, equal one). In the case where the nissing observations occur at either

4/ Unfortunately, conprehensive data on suspended particulates were not avail-
able for analysis.

5/ It should be noted that a |arge percentage of total suspended particul ates
can be attributed to natural sources.

6/ It should be noted that in these cases, the estimates are based on |ess
i nformation.
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TABLE 6.1. AIRPOLLUTION PROFILE

. Primary Secondarv Monitoring Type of Number ol iNumher aof Times
Air Pol lutant Standard Standard stat ion* Cauipnent | Method Average Observations Standard Exceeded
or
) R : a,t a,h i
Photochemical| 0.08 ppm 0.08 ppm CAMP Bendix 8000 | Chemiluminescence| max. 1-hr. 331 (35 d 48" (20)(]
Oxidants Cl mveland Par " " ! " " " " " (7!‘[’\ (,}7)
Non-Mothane | 0.24 ppm™ % 0.24 ppm” CAMP Beckman Flame fonization’ 3-hr. 225 165 .
Hvdrocarbons 5 :00am - Y :00am :
. . . T '
Nitrogen 0.05 ppmg’ 0.05 ppm}:"‘h CAMP Rend ix 8001 Chemi luminescence 24-hr. 348 na .
Dioxide
Carbon 9 ppm° 9 ppm’ CAMP Jntertech ASh11  Nondispersive max. I-hr. 137 2 1
Monoxide i . Infrared
i .
35 ppm 35 ppm’ D.C. General |Reckman TR315A " " " " " 310 (311) 0 (0
. ah - a,i . ) ¢
Sulfur 0.14 ppm .50 ppm CAMP Technican Pararosanaline 24-hr (323 o) !
Dioxide a0 |
< . !
0.03 ppm® 0.50 ppm™ "' | Am. Chem. Reckman 90ha Coulomet iC 24-hr 310 1 !
D.C. General |Reckman 906 " " oo 322 0 |
11.C.General leckman 906a " " o (303) ) i
i Am. (‘hem. " " " " ax. |l-hr. 309 0
! D.C. General |Beckman 906 "o " " 322 0 i
~ AN Technic . " tr
i CAMP Technican Pararosanaline (322) (0) |
*Monitoring Station locations 1 - Not to he ex: eeded more than g — Annual arithmetic mean.
CAYP = 427 New Jersev Ave.. N.W once a vear. h - Based on 24-hour averapes.
' b - Nased on max mum one hour i - Based on 8-hour averages.
Cleveland Park Librarv - average. j — Based on 3-hour averages,
Conn. Ave. & Macomb Sts., W, ¢ - hata for 197 .
D.C. Cereral Hospital - d - Data jor 197.
GLh & Mass. Ave.. ST e - Based on 3-hour average
e (6:00am - 9: 00 am
American Chemical Society f - Readings were obtained by nea-
1155 16th St.. N.W. suring separately total hydro-
carbons and rnet hane.
Source: |5 & 6}



the beginning or the end of the series, they are replaced by the increnent
computed from the two nearest nuneric values. 7/

THE METEOROLOG CAL DATA

Since weather conditions are the other najor environnental factors hypoth-
esized to affect illness on a day-to-day basis, they nust be controlled
for in the analysis. Consequently, we obtained neteorological data from the
National Weather Service. These data, in the form of a nagnetic tape, con-
tained daily weather information for 1973 and 1974 fromthe station | ocated
at Washington National Airport. National Airport was selected as being the
nost representative weather station for the Washington Metropolitan Area. 8/
The specific climtological variables that were collected on a daily basis
and that will enter this analysis were neasures of tenperature, w nd, and
precipitation. 9/

Since the study was using daily health data, and since the air pollution
data were also being utilized as daily observations, the daily form of the
weat her data posed no difficulties of conpatibility. Consequently, daily
vectors of each climatol ogical variable were created for use in conjunction
with the health and air pollution data.

7/ The neans and standard deviations of the specific air pollution variables
used in the analysis appear in Appendix C

8/ The alternatives were the weather stations |ocated at either Dulles Inter-
national Airport or Baltinore-Washington International Airport. Dulles is
24 mles from downtown Washington and Baltimore International is 34 mles
from the downtown area.

9/ The neans and standard deviations of the specific weather variables appear
in Appendix D.
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SECTION VI

STATI STI CAL  METHODS

| NTRODUCTI ON

As discussed in Section Ill, techniques of nultivariate analysis my be
the nost promsing approach to investigating the air pollution-health relation-
ship. Consequently, several nultivariate methods were used to analyze the
health, air pollution, and weather data. Before presenting the results of
applying these procedures, two specific nultivariate techniques, discrimnant
analysis and nultivariate regression analysis, wll be discussed.

THE CHO CE OF TECHN QUES

Di scrimnant analysis and regression analysis should not be viewed as two
alternative ways of solving the same problem On the contrary, these tech-
ni ques address different questions under different statistical assunptions and
make different demands on the talents of the investigator. Neither technique
is superior on every count; it is for this reason that both are being enpl oyed
in this study

A discrimnant analysis permts the investigator to draw the follow ng

type of conclusion: "A 20 percent increase in the oxidant level will lead to

a 0.005 increase in the probability of a person experiencing a sudden illness
on any given day." A regression analysis, on the other hand, permts the
investigator to draw the followi ng sort of conclusion: "A 20 percent increase
in the oxidant level will lead to a 5 percent increase in the nunber of persons
experiencing a sudden illness on any given day."

If both of these conclusions could be nmade with 100 percent certainty,
the latter, nmore quantitative conclusion would be preferable to the former,
more probabilistic conclusion. Quantitative statenments from a regression
analysis are nore readily translated into information that a policynmaker can
use to develop specific programs. For this reason, everything else being
equal, a regression analysis produces nore powerful results. However, it is
sel dom the case that everything else is equal. Hence, at times, the weaker
probability statement generated by the discrimnant analysis nmay provide not
only sufficient, but also better guidance for the policymaker.

One reason why everything else is not equal is that the two techniques
require different statistical assumptions. The discrimnant analysis assunes
that the variabl es explaining the probabilistic outcone are being randomy
drawn from two normally distributed nultivariate populations having different
means but identical variances. 1/ On the other hand, the regression analysis
assumes that the outcome is functionally or algebraically determned by certain
expl anatory variables and a single, usually additive, random term (having zero

1/ For certain discrininant analyses nore than two popul ations may be assumed.
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mean). 2/ 1t is inportant that the functional relationship between the out-
come and the explanatory variables is stable for all values of the explanatory
variables and that this function is correctly specified. Equally inportant

is the assunption that the values of the random error term are distributed

i ndependently of the values of the explanatory variables. Athough it is not
necessary to assume that this random error termis drawn from a normal popu-
lation, this assumption is usually nade to enable certain types of hypothesis
testing.

If the two inportant assumptions for regression analysis hold -- the
i ndependence of the error term and the specification of a correct and stable
functional relationship -- then it is known that “on average” statements
relating changes in an explanatory variable (e.g., oxidant levels) to changes
in the outcone (e.g., the nunmber of sudden illnesses) will be correct. More-
over, the likelihood that the statements will be correct inproves as the
anmount of data (number of observations) used in the analysis increases. How
ever, if these two assunptions fail to hold, such statenents are known to be
biased (often in uncertain direction and magnitude) and the situation will
not inprove even if the amount of data becones quite large

Thus, nmuch of the analyst's research effort in applying the techniques
of regression analysis involves an attenpt to specify the “correct” functiona
relationship. This task is especially difficult if a theory relating the out-
come to the explanatory variables is lacking. Unfortunately, as pointed out
earlier, this lack of theory accurately describes the air pollution-health
relationship. This explains the attractiveness of the discrimnant approach,
since it makes relatively weaker theoretical demands (albeit stronger statis-
tical demands) than the regression approach.

Fortunately, the two techniques can be conplementary. For example, if it
is found from a discrimnant analysis that a particular variable does not affect
the probability of an outcone, then this variable is unlikely to make a signifi-
cant quantitative contribution to explaining an outcome in a regression analy-
sis. Consequently, since the discrinmnant approach is relatively easy to under-
take (see below), it can serve as a useful “screening” device to limt the num
ber of variables that nmust be considered in specifying a relationship for a
regression analysis. 3/

THEORY AND METHOD

The basic theories underlying nultivariate regression and discrininant
anal ysis are thoroughly discussed in several well-known texts. 4/ There is no
need to repeat the discussion of regression analysis, since it is clearly pre-

2/ This remark applies to the type of single-equation analysis used in this
study. The assunptions underlying nultiple-equation regression analysis
are sonmewhat nore involved

3/ There are several theoretical reasons for wanting to minimze the nunber of
explanatory variables in a regression analysis. These include saving degrees
of freedom and reducing the likelihood of multicollinearity.

4/ See, for exanple, Johnston [26] or Goldberger [17] on regression analysis;
and Kendal | [27] or Anderson [4] on discrimnant analysis.
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sented in these texts. However, our use of discrimnant analysis is sonewhat
unconventional . Even though we do not alter the basic theoretical principles

or the mathematical fornulation, it may be difficult for the reader to see the
connection between the conventional textbook presentation and our unconven-
tional application. Thus, we feel the follow ng discussion is warranted.

Classical discrimnant analysis is a procedure for optimally classifying
data into two or nore groups. Each piece of data represents a set of measure-
ments and the classification procedure attenpts to group data with sinilar
measurements together. Qur use of discrimnant analysis starts with the as-
sunption that the data have already been classified. W then use the dis-
crimnant analysis to draw certain inferences about that classification.

Formally, we let our datum be represented by X W assune that X is a
random variable that could be drawn from either of two popul ations, Tor T,
with probabilities qq and g, respectively. That is,

Prob (xen

P T 0

and

Prob (Xeﬂz) o

Let the ith observed value of X be X;. Suppose we know that X will have
the value X. with a known probability provided we al so know from which group
X was drawn? |n particular, suppose we know that

Prob(X = X; | XEM. ) = Py(X)

and

Prob(X = X;

| lxeﬂz) =P

W then pose the following problem Gven a value of X = Xi, what is
the probability that X, in fact, canme from popul ation “1? That is, what is

Prob(X€ﬂ1' Xi)?

FromBaye' s Theorem

Prob (Xen ll X) =

Prob(Xen, ) Prob(xilxenl)
Prob(Xem; ) Prob(X = X,T Xemy ) + Prob(Xew,) Prob(X = Xl Xen,)

_ 9,7 (X3)
=9, P (% )+ g P ()
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This can be rewitten

q; Py (x.)
q2P2(X )
q, P (X,) 1

a,P, (X, ]

Prob(Xeﬂl|Xi) =

In other words, two pieces of information are required to solve our prob-
lem First, we must know (or estimate) the relative chances that X canme from
popul ation ™,; that is, we nust determine g,/gp. Since we have assuned that
our data haveé already been classified into %mo groups of, say, size Ny and N,
the ratio Ny/N, could be used to estimteqq/q,. However, often it may be
desirable to neglect the sanple count and |nstead set gq/qp by other, a priori
considerations. (For exanple, qq/q, is often set at unlty Indi cating equa
chances.)

The other piece of required information is the relative probability that

X wll have the value Xi given that X was drawn from population Ty, i.e.,

PL(X )/ Py(X;). To estimate this ratio we assume that X is a function of p
variabl €5 reepresented by a vector z  Mreover, if X is from population ™y,
we assume that Z has a nultivariate normal distribution with a vector nean
of #y. If X belongs to population Tp, we assume that Z has a nultivariate
normal distribution with a vector nean of wg. Both normal distributions are
assuned to have the sane variance, Z.

Under this assunption it can be shown that

P (x ) _1 l [ -1
_Pl(x_i). = exp{Zi'E (u,l - |J.2) - '2" (U'l + !-1-2) z (U-l - u'g)}
2 |

wher e Zi is the ith value of Z

Each el ement of Hj and H, can be estimated by the sanple nmeans. That is,
the kth nean of the first group can be estinated:

=2

Tz, .
l i= [k, i

zl—‘

Hix =~ 29 =

where Z; represents the N; x p matrix associated with group 1.

The variance £ can also be estimated from the data by conputing the
matrix of suns of squared deviations about the means and cross products.
Letting Z represent the vector of nean values of the p variables taken over
all N observations, we estimate & as:
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= L : Y
Tah =g 52 - 2)(2 - 2) .

Wiile the above is a perfectly valid computational procedure for cal cu-
| 'ating Prob(X€m;| Xi), we have enployed an alternative procedure that vyields

certain addi'tional useful information

Wth a little manipulation, the expression

qlPl(Xi)
3,P(X;)
qlPi(Xi)

+1
a,P, (X, )

can be witten as

Prob(xeﬂll X)) =

wher e

q
Ln L
eu = —Pl(xi) e " .
Pz(xi)
It can be shown that the parameter u in the above expression can be
estinated by

N
b .Yz +7.y 1
ur-sKZi 2(Zl+22)KG+£nN-—
2
wher e
. N1 + hb -2
N, N N; N - —
12 12 (Z, - Z ),g

N1+N2 N1+N21 2

As before N;/N, is an estimate of q,/q,.
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A . .
The paraneter b is a vector of |east-squares regression coefficients
estimated from the regression equation:

wher e Y| is an observation vector of binary variables defined such that

i ' _em
YI 1if xI 1

and

s i m
i 0Oif xie 2

Y

The advantage of this procedure is that the paraneter Q can be used to
calculate the marginal contribution of the variables Zto the Prob(xeﬂll Xi).
In particular, the vector of slopes is:

dprob(xem, | X )
oz

= Prob(Xem | X;)[1 - Prob(xem | xi) Jb

and the vector of elasticities is

aProb(Xeﬂllxi) oz probexen. | x ]Kg 2
Prob(Xem, | X) 32 [1 - Prob(Xem | X )b @

where the symbol @ indicates that direct matrix product.

It should be noted that both the slopes and elasticities change with
changes in Prob (Xem. | Xi) and changes in Z. Therefore, as a matter of
convention we w 'l present these results only for the mean val ues of
Prob(xeﬂ1 |Xi) and the mean values of the p variables in Z

APPLI| CATI ON AND HYPOTHESI S TESTI NG

As previously noted, the application of the above procedure starts with
the assunption that the data have already been properly classified into one
popul ation group or the other (y or Ta). In practice, this classification
activity often relies on subjective judgment or guesswork. Fortunately, how
ever, the validity of the classification can be assessed statistically.

Suppose, for example, our data consist of a set of daily observations
on the nunber of visits (X.) to aclinic treating sudden illness. Suppose,
further, that we hypothesize these visits depend on a set of variables (Zﬂ
including the average daily tenperature, the day of the week, and the average
daily air pollution level. W night then wish to group the data into two
popul ations, ™; and T,, where T; contains the daily observations in which the
number of visits exceeds the average value of daily visits and T, contains the
daily observations |ess than or equal to this average. Qur hypothesis is that
Z WIl “explain” why any given Xi is greater or less than the average. In
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particular, given the concerns of this report, we hypothesize that the greater
the air pollution level the greater the probability that X wll fall in popu-
lation ™.

Yet our classification schene may be erroneous in the sense that Z nay
not “explain” the classification. W can test for this by computing the fol-
| owi ng quadratic form

U= (z, - Z2)°A@Z, - Z,)

It can be shown that U has a t2 distribution with N, + N, - 1 degrees of free-
dom The appropriate null hypothesis is that the neans of the explanatory

variables after being grouped into the two populations are the sane, i.e.,
t hat Zy = I, (If the neans were equal one would not expect the variables to
“expl ain” ﬁ%y a particular Xi fell in one population as opposed to the other.)

Should we fail to reject the null hypothesis, we have the choice of either
altering the set of explanatory variables (Z) or of changing the classification
rule. The correct choice cannot be based on abstract statistical criteria

but rather it must be based on theoretical considerations, comon sense, and

in sone cases, pure luck
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SECTION VI |

EMPI RI CAL RESULTS

I NTRODUCTI ON

In the first phase of our enpirical analysis we decided to perform sinple
time-series plots of subsets of the data. The purpose of enploying such
graphical techniques was to elicit any tenporal patterns that mght exist in
the data (e.g., day-of-the-week or seasonal effects).

From exam nations of resulting graphs, we concluded that there were no
clear-cut day-of-the-week effects (except for weekend effects when clinic
hours were shorter or nonexistent) nor unanbi guous seasonal effects. Conse-
quently, we proceeded with the analysis by applying our first nmultivariate
statistical technique, discrimnant analysis. In doing so, we explored further
the possibility of tenporal effects.

DI SCRI M NANT  ANALYSES

As we have discussed previously, the correct mathematical form of a nodel
to explain utilization of health care facilities is not known. Furthernore,
there are a large nunmber of potential variables that could ostensibly fit such
a model. For both of these reasons, we began our nultivariate investigation
by applying discrimnant analysis. W felt that by adopting this approach
initially, we would be able to look at a large number of potential relation-
ships without the quantitative restrictions inherent in a multivariate regres-
sion analysis. Significant associations that were found could then be refined
by further exam nation.

W began by applying discrinmnant analyses to the 1973 data from the
Pennsyl vania Avenue clinic. Specifically, we focused on the daily nunber of
unschedul ed visits arriving at each of the departnents from which we had col -
lected data. W then classified the data according to whether the nunber of
unschedul ed visits was greater than (or equal to) or less than the average
nurmber of unscheduled visits coming to that departnent on that particular day
of the week. 1/ Once classified, these data were then discrimnated against
several possible explanatory variables.

In Section Il we discussed that a nunber of factors are hypothesized to
affect the health status of a population. However, in analyzing day- to-day
variations in an index of health such as health clinic utilization, many of
these factors can be assuned to remain essentially constant. For exanple, the
popul ation at risk, its habits, housing, and occupation mx are not likely to
exhi bit substantial changes on a day-to-day basis if the time period under con-
sideration is not too long. On the other hand, air pollution levels, weather

1/ W did this procedure for each day of the week in an effort to control
implicitly for a day-of-the-week effects. Saturdays and Sundays were ex-
cluded, since as explained in Section V, nost departments had shorter
hours on Saturdays and were closed on Sundays.
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conditions, and specific day-of-the-week factors (e.g. , weekends, holidays,
working patterns) would exhibit daily fluctuations. Consequently, in our
initial analyses we controlled for these factors explicitly by including vari-
ables representing average daily tenperature, average daily wnd speed, 2/ and
daily pollution levels (as neasured by the maximum |-hour average photocheni cal
oxi dant reading taken at the CAWP station located in downtown Washington). 3/
As discussed in footnote 1, day-of-the-week factors were controlled inplicitly
by our classification schene.

The results of one such discrimnant analysis are presented in Table 8.1.
The classification vector was based on the nunber of unscheduled visits to
the internal nedicine department on a given day. Days with a greater than
average nunber of unscheduled visits (for that day of the week) were assigned
a one, while days with less than average nunbers of unscheduled visits were
assigned a zero. This classification vector was then discrininated against
the three environnental measures described above.

TABLE 8.1. DI SCBI M NANT ANALYSI S ON | NTERNAL MEDI CI NE
DEPARTMENT ( PENNSYLVANI A° AVENUE - 1973)

Elasticities 10% & Mean A Prob. *
Oxi dant (ppm -. 105 . 005 -. 004
Tenp. (°F) . 492 5.974 .019
Wnd (nph) -.021 .a51 -.001

U Statistic = 0.037 (distributed as tz)

* The mean probability of being classified as an unscheduled visit was
0. 395.

As can be seen by the Ustatistic below the table, the three environnental
variables did poorly in discrimnating between above average and bel ow average
unschedul ed utilization of the internal nedicine departnent. The signs of the
elasticities displayed in the table indicate that air pollution and wind were
negatively related to utilization, while tenperature was positively related.
The magnitude of the elasticities pernit “unit-free” conparisons of the rela-
tive associations. For exanple, a 10 percent increase in the oxidant I|evel
was associated with a 1.05 percent decrease in the probability, i.e., an in-
crease of 0.005 ppmin the oxidant level was associated with a decrease of
0.004 in the probability of being classified as a day having greater than

2/ These climatic variables were selected for initial use on the basis of find-
ings presented in Lave and Seskin [28]. The analysis of other weather vari-
ables will be discussed bel ow.

3/ Later, we will explore the results of using photochenical oxidant data from
another monitoring station as well as data on other air pollutants.
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average unscheduled visits to the internal medicine departnent. 4/

Simlar results were exhibited by discrinminant analyses involving tw of
the three remaining departments (urgent visit clinic and pediatrics). No
consi stent pattern was uncovered between daily air pollution levels (as nea-
sured by photochenical oxidants) and the daily nunmber of unscheduled visits
arriving at these departments. However, the data from the ophthal mol ogy de-
partment exhibited slightly different characteristics. The results of the
di scriminant analysis analogous to the one presented above for interna
medi ci ne, suggested a possible association between air pollution and un-
schedul ed visits for eye problens. The specifics of the discrimnant analysis
for the ophthal nol ogy department are shown in Table 8. 2.

TABLE 8.2. DI SCRIM NANT ANALYSIS ON CPHTHALMOLOGY
DEPARTMENT ( PENNSYLVANI A AVENUE - 1973)

Elasticities 10% 8 Mean A Prob. *
Oxi dant  (ppm . 379 . 005 . 016
Tenp. (°F) .. 376 5.974 -. 016
Wnd (nph) .218 . 851 . 009

U Statistic = 0.125 (distributed as tﬂ

* The mean probability of being classified as an unscheduled visit was
0. 422.

Except for the classification vector, the variables were identical to
those described above. Although the Ustatistic increased, it was still not
statistically significant. The three environmental variables did not dis-
crimnate well between above average and bel ow average unschedul ed utilization
of the ophthal nol ogy departnent. However, in this case, air pollution (as
measured by photochenical oxidants) and wind were positively related to utili-
zation, while tenperature was negatively related. As can be seen from the
elasticities, air pollution and tenmperature had effects of roughly the sane
magni tude, the effect of wind was |ess pronounced. Al though not reported
the t-statistics corresponding to the variables in the 1-0 regression (see
previous footnote) indicated that the air pollution variable was statistically
significant. This warranted further exploration.

4/ As woul d be expected from these results, the t-statistics (not reported) for
each of the variables derived in the 1-0 regression used in perforning the
discriminant analysis (see Section VII) were all statistically insignificant.
In the context of this analysis, a factor or variable was considered “sta-
tistically significant” if its regression coefficient was significantly
different fromzero at (at least) the 20 percent level. That is, we had at
| east 80 percent confidence in the individual statements regarding the asso-
ciation.
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The next step we took was to rerun the discrimnant analyses using only
the data for the summer nonths of 1973. This time period was of special
interest because of the relatively high air pollution levels that occurred
(Four air pollution alerts were called by the Metropolitan Wshi ngton Counci
of Governnents.) The results of these further analyses were simlar to those
for the entire year in that no consistent pattern was found between daily
phot ocheni cal oxidant levels and the daily nunber of unscheduled visits ar-
riving at these departnents.

After examning the sunmer nonths, we decided to use the 1974 data in an
effort to replicate the 1973 results. Tables 8.3 and 8.4 present discrimnant
anal yses using 1974 data that are analogous to those shown in Tables 8.1 and
8.2, respectively.

Wth regard to unscheduled visits to the internal medicine departnent,
it can be seen from Table 8.3 that the Ustatistic still indicates that the
environmental variables did poorly in discrimnating between above average
and bel ow average utilization. However, the signs of the elasticities now
indicate that oxidant levels and tenperature were positively related to utili-
zation, while wind was negatively related. The magnitudes of the elasticities
show little change for the air pollution variable between the two years, but
substantial differences for the two climtic variables. 5/

TABLE 8.3. DI SCRIM NANT ANALYSIS ON | NTERNAL MEDI Cl NE
DEPARTMENT ( PENNSYLVANI A AVENUE - 1974)

Elasticities 10% & Mean 8 Prob. *
Oxi dant (ppm 150 . 004 .007
Tenp. (°F) . 061 5.873 . 003
Wnd (nph) -.353 . 869 .. 017

U-Statistic = 0.131 (distributed as t%
* The nean probability of being classified as an unscheduled visit was
0.471

The results of the 1974 analysis of the ophthal nol ogy departnent (Table
8.4) were conparable to the 1973 results. The Ustatistic increased;, however,
it remained statistically insignificant. The signs of the elasticities were
unchanged and their nagnitudes were slightly larger in the 1974 replication. 6/

5/ The t-statistics corresponding to the variables in the 1-0 regression (not

reported) were all statistically insignificant. (See footnote 4 in this
section.)

6/ Again, the t-statistic for the oxidant variable was statistically signifi-
cant.
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TABLE 8.4. DI SCRIM NANT ANALYSI S ON OPHTHALMOLOGY
DEPARTMENT ( PENNSYLVANI A AVENUE - 1974)

Elasticities 10% & Mean A Prob. *
xi dant (ppm . 469 . 004 . 022
Tenp. (°F) -.673 5.873 -.031
wnd (nph) .334 . 869 .016
U-Statistic = 0.284 (distributed as t%

* The mean probability of being classified as an unschedul ed visit was
0. 467.

REGRESSI ON  ANALYSES

Gven the findings of the discrimnant analyses which in general did not
evi dence an association between photochemical oxidant pollution and clinic
utilization (except possibly a suggestive relationship between oxidant pollu-
tion and unscheduled visits to the ophthal nol ogy department), we decided to
proceed by anal yzing the sane data using nultiple regression. As discussed
earlier, this approach facilitates the investigation of nore specific quanti-
tative hypotheses. Initially, we began by running some sinple regressions.
One such nodel is shown bel ow and corresponds to regression 1 in Table 8.5:

UM= 17.859 - 12.317 Ox + 0.003 Av T + 0.024 Av Wnd

(-1.00) (0. 15) (0. 24)
-9.709 Sat - 17.622 Sun (R = 0.638)
(-11.59) (-22. 44)

U M represents the number of unscheduled visits to the internal nedicine de-
partnent on a given day, Ox is the maximm |-hour average oxidant reading on a
given day, Av T is the average tenperature for the day, and Av Wnd is the
average wind speed for that day. Sat and Sun are dummy variables representing
the weekends. 7/ The equation above represents the number of unscheduled visits
to the internal medicine department during 1973. 8/ As can be seen, 63.8 per-

7/ Dumy variables are specially constructed variables that may be used to
represent various factors such as tenporal effects, spatial effects, quali-
tative variables, and broad groupings of quantitative variables. In our
anal ysis we enployed two dummy variables for the two days of the weekend.
Specifically, if an observation represented data pertaining to a Saturday,
the Saturday dummy variable (Sat) was assigned a value of 1 and for all
other days it was assigned a value of 0. Simlarly, if an observation
represented data pertaining to a Sunday, the Sunday dummy variable (Sun)
was assigned a value of 1 and for all other days it was assigned a val ue of
0.

8/ Seven days in April and twenty-three days in May were onitted because no
air pollution data were avail able.
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TABLE 8. 5. REGRESSI ON ANALYSI S OF OXI DANT EFFECTS
ON UNSCHEDULED DEPARTMENT UTI LI ZATI ON
( PENNSYLVANI A AVENUE - 1973)

uwm UOPHTH UPED
1 2 3
R2 0.638 a/ 0. 460 0. 646
Const ant 17. 859 8.178 51. 952
Air Pollution:
0X -12.317 b/ 13. 867 -22.764
(-1.00) ¢/ (1.73) (-0.83)
Weat her:
Av T 0. 003 -0.013 -0. 051
(0.15) (-0.90) (-1.02)
Av Wnd 0.024 -0. 005 -0.509
(0.24) (-0.07) (-2.33)
Dunmy
Sat -9.709 -4, 444 -4, 387
(-11.59) (-8.10) (-2.34)
Sun -17.622 -8. 055 -42. 499
(-22. 44) (-15.67) (-24.16)

c/

The coefficient of determination: a value of 0.638 indicates that 63.8
percent of the variation in unscheduled visits was "explained" by the
i ndependent vari abl es.

The regression coefficient.

The t-statistic; a value of 1.65 indicates significance at the 10 percent
level, using a two-tailed test
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cent of the varlancelé% daily unschedul ed visits was expl ained by the right-
hand-si de vari abl es 0.638). The t-statistics in parentheses below the
coefficients indicate that none of the environnental variables was statisti-
cally significant; 9/ the signs of the coefficients indicate that oxidant pol-
lution was negatively related to clinic visits, while both average tenperature
and average wind speed were positively related. It is apparent that the ex-

pl anatory power of the regression was derived primarily from the influence of
the dummy variables for Saturdays and Sundays. As expected, utilization was
negatively associated with weekends

Simlar regression results were found for the pediatric departnent
(Table 8.5, regression 3). That is, there was no evidence of a daily effect
of photochenical oxidant pollution on daily visitation. The ophthal nol ogy
department, however, displayed suggestive results of a possible association.10/
This can be seen in the equation bel ow which corresponds to regression 2 in
Tabl e 8.5:

UOPHTH = 8.178 + 13.867 Ox - 0.013 Av T - 0.005 Av Wnd
(1.73) (-0.90) (-0.07)

_4.444 Sat - 8.005 Sun (R = 0. 460)
(-8.10)  (-15.67)

UOPHTH represents the number of unscheduled visits to the ophthal nol ogy depart-
ment on a given day, and the remaining variables are as defined above. As can
be seen, 46.0 percent of the variance in t@f dai |y unschedul ed visits was ex-
pl ained by the right-hand-side variables = 0.460). In this case the coef-
ficient and t-statistic of the air poIIutlon variable indicate a positive and
statistically significant (at approximately the 10 percent significance |evel)
association with the unschedul ed ophthal mology visits. One interpretation of
the magnitude of this result is that an increase of 0.01 parts per nmillion
(ppm in the maxi mum | -hour average oxidant level (raising the nean from 0.048
to 0.058 ppm) was related to an increase of 0.14 (0.01 x 13.867) daily un-
schedul ed visits to the ophthal ol ogy departnent (raising the mean nunber of
dai ly unscheduled visits from6.03 to 6.17). An alternative interpretation

of this result is that a 10 percent decrease in the mean of the air pollution
vari abl e (decreasing the nmean by 0.0048 ppn) would be associated with a 1.1
((0.0048 x 13.867)/6.03) percent decrease in the number of unscheduled visits
to the ophthal mol ogy departnent. The signs of the coefficients of the other
environnmental variables indicated a negative relationship with both average
tenperature and average wind speed; both were statistically insignificant. The
weekend dummy variables exhibited simlar results to those reported above. 11/

9/ A value of 1.65 indicates significance at the 10 percent |evel using a two-
tailed test; a value of 1.28 indicates significance at the 20 percent |eve
using a two-tailed test.

10/ Regressions were not run for the 1973 urgent visit clinic data because of
the schedul e change that occurred during the year (see Section V, p. 20).

11/ W experinmented with specifications omtting the weekend dummy variabl es

along with all data per5a|n|ng to the weekends. As expected, the coef-

ficient of variation (R°) decreased dramatically; however, the magnitude
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Simlar results to those just reported were found when regressions were
run on only the sumrer nonths of 1973 (not shown). That is, a significant as-
sociation was seen for visits to the ophthal mology department, while no ap-
parent associations were seen for visits to the other departnents

The results of replicating the 1973 regressions using 1974 data are shown
in Table 8.6. 12/ Replications for the internal medicine departnent and the
opht hal mol ogy department using air pollution data from the CAMP station are

shown in the equations below (they correspond to regressions 2 and 4, respec-
tively)

UM= 11.195 + 8.873 Ox + 0.004 Av T - 0.156 Av W nd
(0. 48) (0. 13) (-1.32)

-6.092 Sat - 10.135 Sun (R® = 0.266)
(-5. 88) (-10. 32)

UOPHTH = 5.996 + 60.424 Ox - 0.040 Av T + 0.163 Av Wnd
(4.54) (-1.72) (1.89)

-5.017 Sat - 7.528 Sun (R? = 0.300)
(-6.67) (- 10. 54)

One notes that the variance explained of the 1974 unschedul ed
visits to the internal medicine department dropped substantially (
decreased from 0.638 to O. 266). Agai n, all three environnental
variables were statistically insignificant; only the dummy variables
representing the weekends were statistically inportant.

The results for the ophthal nol ogy departnent also evidenced a decrease in
the coefficient of variation (R°). However, the t-statistics now indicated that
all three environmental variables were statistically significant. The sugges-
tive association between photochem cal oxidant |evels and unscheduled visits to
t he opht hal mol ogy departnent still held. The magnitude of the association ex-
hibited by the 1974 data indicated that an increase of 0.01 ppmin the maxi mum
| -hour average oxidant level (raising the mean from 0.038 to 0.048 ppn) was
related to an increase of 0.60 (0.01 x 60.424) daily unscheduled visits to the
opht hal mol ogy department (raising the nean nunber of daily unscheduled visits
from5.38 to 5.98). An alternative interpretation of this result is that a
10 percent decrease in the nmean of the air pollution variable (decreasing the
mean by 0.0038 ppnm) would be associated with a 4.3 ((0.0038 x 60.424)/5. 38)

percent decrease in the number of unscheduled visits to the ophthal nol ogy de-
part ment .

11/ (continued) and statistical significance of the other explanatory variables
were not significantly affected. Evidently, there are many unaccounted
for variables influencing unscheduled utilization of the various depart-
ments, but the statistically significant associations we observed were not
sinmply artifacts of a particular specification.

12/ Since honpgeneous data for the urgent visit clinic were available, regres-
sion results for that department are shown, In addition, photochenical oxi-
dant data were obtained from another nonitoring station in Ceveland Park
(c.P.) ; hence, two regressions for each departnent were anal yzed
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TABLE 8.6. REGRESSION ANALYSIS OF OXIDANT EFFECTS
ON UNSCHEDULED DEPARTMENT UTILIZATION
(PENNSYLVANIA AVENUE - 1974)
UIM UOPHTH UPED WC
1 2 3 4 5 6 7 8
2
R 0.210 a/ 0.266 0.255 0.300 0.416 0.485 0.302 0.307
Constant 8.732 11.195 5.956 5.996 62.613  69.824 154.942 152.459
Air Pollution:
0 x (CAMP) 8.873 60.424 108.634 138.844
(0.48) (4.54) (1.87) (1.35)
ox (C.P.) -28.270 b/ -7.432 -15.353 153.071
(-1.82) ¢f (-0.61) (-0.31) (1.80)
Weather:
Av T 0.066 0.004 0.023  -0.040 -0.332 -0.498 0.008 0.114
(1.98)  (0.13) (0.88) (-1.72) (-3.10) (-4.86) (0.04) (0.63)
Av Wind -0.137 -0.156 0.067 0.163 1.195 1.044 -0.023 -0.256
(-1.13) (-1.32) (0.71) (1.89) (3.10) (2.78) (-0.09) (-0.39)
Dunmy:
Sat -6.136 -6.092 -5.188  -5.017 -7.526 -8.242 -31.560 -32.867
(-5.86) (-5.88) (-6.28) (-6.67) (-2.25) (-2.21) (-5.50) (-5.67)
sun -9.829 -10.135 -7.362 -7.528 -50.766 -53.058 -61.257 -64.155

(-9.97) (-10.32)

(-9.48) (-10.54)

(-16.14) (-17.01)

(-11.34) (-11.66)

a/ The coefficient of determination; a value of 0.270 indicates that 27.0 percent of the
variation in unscheduled visits was “explained” by the independent variables.

b/ The regression coefficient.

¢/ The t-statistic; a value of 1.65 indicates significance at the 10 percent level, using a

two-tailed test.
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The 1974 results, unlike the 1973 findings, also revealed a statistically
significant association between unscheduled visits to the pediatric departnent
and levels of photochenical oxidants. The relevant equation is shown bel ow
and corresponds to regression 6 in Table 8.6:

UPED = 69.824 + 108.634 Ox - 0.498 Av T + 1.044 Av Wnd

(1.87) (- 4. 86) (2.78)
-8.242 Sat - 53.058 Sun (R2 = 0. 485)
(-2.21) (-17.01)

The variables are as above except for the dependent variable UPED which repre-
sents the number of unscheduled visits to the pediatric department on a given
day. As can be seen, 48.5 percent of the variance in daily visits tq the pe-
diatric department was explained by the right-hand-side variables ( = 0. 485)
The coefficent and t-statistic of the air pollution variable indicate a posi-
tive and statistically significant (at the 10 percent significance |evel) as-
sociation with the unscheduled visits. One interpretation of the nagnitude of
this result is that an increase of 0.01 ppmin the maxi num |-hour average

oxi dant level (raising the nmean from 0.038 to 0.048 ppn) was related to an
increase of 1.08 (0.01 x 108.634) daily visits to the pediatric departnent
(raising the nean nunber of daily unscheduled visits from43.70 to 44.78). An
alternative interpretation of this result is that a 10 percent decrease in the
mean of the air pollution variable (decreasing the nean by 0.0038 ppn) woul d
be associated with a 0.9 ((0.0038 x 108.634)/43.70) percent decrease in the
nunber of unscheduled visits. The coefficients and t-statistics of the other
environmental variables indicated statistically significant effects of tenpera-
ture and wind on pediatric visits; tenperature was negatively related and wind
was positively related to such visits. The weekend dummy vari abl es again

refl ected decreased visitation on weekends.

In addition to the photochenical oxidant data nonitored at the
CAWP station, conprehensive data for this air pollutant were available from
another station located at Ceveland Park (see Table 6.1). Wen those readings
were substituted for the CAMP station readings, only the urgent visit clinic
exhibited a positive and statistically significant association between air
pollution levels and unscheduled utilization. The relevant equation is shown
bel ow and corresponds to regression 7 in Table 8.6:

WC = 154.942 + 153.071 Ox + 0.008 Av T - 0.023 Av Wnd

(1.80) (0. 04) (-0.09)
-31.560 Sat - 61.257 Sun (R2 = 0.302)
(-5.50) (-11.34)

Again, the variables are as above except for the dependent variable WC
whi ch represents the nunber of urgent visits to the urgent visit clinic on a
given day. As can be seen, 30.2 percent of the variance in daily visits to
thg urgent visit clinic was explained by the right-hand-side variables
(R” = 0.302). The coefficient and t-statistic of the air pollution variable
indicate a positive and statistically significant (at the 10 percent signifi-
cance level) association with the urgent visits. One interpretation of the
magni tude of this result is that an increase of 0.01 ppmin the maximm |-hour
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oxidant level (raising the mean from 0.044 to 0.054 ppm) was related to an
increase of 1.53 (0.01 x 153.071) daily visits to the urgent visit clinic
(raising the mean nunmber of daily urgent visits from 147.50 to approximtely
149.03). An alternative interpretation of this result is that a 10 percent
decrease in the mean of the air pollution variable (decreasing the nean by
0.0044 ppm) would be associated with a 0.46 ((0.0044 x 153.071)/147.50) per-
cent decrease in the nunmber of urgent visits. The coefficients and t-sta-
tistics of the other environmental variables indicated statistically
insignificant effects of tenperature and wind on urgent visits. The week-
end dumry variables again reflected decreased utilization on weekends

Taken together, the results for 1973 and 1974 relating photocheni cal
oxidant pollution to unscheduled utilization suggest a nunber of possible
associ ations worthy of further exploration. Both 1973 and 1974 data
exhibited a relationship between unschedul ed ophthal mol ogy visits and
oxidant |evels, although 1974 air pollution data from a second nonitoring
station failed to denonstrate a simlar association. In addition, 1974 data
i ndi cated m xed associations between unschedul ed pediatric visits and oxi-
dant levels ; air pollution data from one nonitoring station exhibited a
positive and statistically significant relationship with unscheduled visits
while data from a second station displayed a negative and statistically
insignificant relationship. Finally, 1974 data suggested an association
between urgent clinic visits and oxidant |levels. Air pollution readings
from one monitoring station were related positively and significantly wth
such visits and readings from a second station were also related positively
al though not quite significantly. Gven these findings, further analysis
was warranted.

LAG AND EPI SODI C EFFECTS

In addition to the fact that a tine-series nultiple regresssion allows one
to investigate contenporaneous effects while assuming that nmany of the factors
affecting health status remain essentially constant on a day-to-day basis, it
also pernits one to investigate other possible effects. In particular we
examined lag effects and episodic effects of photochenical oxidants.

Since we mght expect that our measure of health status, nanely clinic
utilization, would be affected by levels of air pollution on immediately pre-
ceding days, we included lagged air pollution variables representing the air
pol lution readings on the three preceding days. 13/ The results (summarized
in Table 8.7 and Table 8.8) of including these sinple |agged variables indi-
cated that there were no consistent, significant sinple lag effects relating
department utilization and oxidant |evels for both years of data. Specifically
the conbined net effect of the contenporaneous and |agged pollution variables
was positive for only one of the three departnents in 1973 (regression 1,
Table 8.7) and it failed to hold for that department in 1974 (regression 2,
Table 8.8). Furthermore, the conbined net effect for the ophthal mol ogy de-
partment in 1974 (regression 4, Table 8.8) was not significantly greater than
the sinple contenporaneous association estimted previously (regression 4,
Table 8.6).

13/ Several studies have used lags of up to three days. See, for exanple
G eenburg et _al. {19].
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TABLE 8.7. LAG EFFECTS OF OXIDANTS ON UN-
SCHEDULED DEPARTMENT UTILIZATION
(PENNSYLVANIA AVENUE - 1973)

UM UOPHTH UPED
1 2 3
2
R 0.636 a/ 0.524 0.702
Constant 16.823 9.412 55.257
Air Pollution:
Ox 26.034 b/ 1.968 10.246
(1.78) ¢/ (0.21) (0.34)
ox 4 -7.190 12.717 37.819
(-0.46) (1.24) (1.16)
O 5 -5.108 -10.803 -69.348
(-0.34) (-1.08) (-2.19)
Ox 5 18.309 -6.345 -6.880
(1.39) (-0.73) (-0.25)
Weather:
Av T -0.034 -0.014 -0.113
(-1.49) (-0.92) (-2.38)
Av Wind 0.058 0.016 -0.335
(0.54) (0.22) (-1.48)
Dunmy:
Sat -9.340 -5.347 -4.417
-(10.94) (-9.54) (-2.48)
Sun -16.833 -8.517 -42.139
(-20.88) (-16.10) (-25.46)

8/ The coefficient of determination; a value of 0.636 indicates that 63.6
percent of the variation in unscheduled visits was “explained” by the
independent variables.

b/ The regression coefficient.

¢/ The t-statistic; a value of 1.65 indicates significance at the 10 percent
level, using a two-tailed test.
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TABLE 8.8.

LAG EFFECTS OF OXIDANTS ON UN-
SCHEDULED DEPARTMENT UTILIZATION
(PENNSYLVANIA AVENUE - 1974)*

UOPHTH UPED WC
1 3 4 5 6 7 8
R2 0.216 a/ 0.278 .292 0.318 0.515 0.526 0.318 0.339
Constant 8.474 12.268 .136 7.472 60.687 75.134 159.077 165.601
Air Pollution:
Oxt -18.765 b/  10. .314 51.902 31.908 114.358 88.693 110.178
(-1.02) ¢/ (0. .58) (3.07) (0.56) (1.87) (0.91) (1.03)
Oxt—l -13.116 -0. 418 14.866 -8.579 82.336 102.977 77.995
(-0.68) (-0. .29) (0.99) (-0.14) (1.30) (1.01) (0.70)
Ox 2 -12.769 -6. 272 0.149 -95.987 -111.195 -226.244 -94.740
t- (-0.67) (-0. 77) (0.01) (-1.64) (-1.77) (-2.23) (-0.86)
Ox 0 007 -7. .526 27.646 -92.119 -32.386 122.890 15.747
-3 (0.01) (-0. .09) (1.99) (-1.75) (-0.55) (1.35) (0.15)
Weather:
Av T 0.079 0. .081 -0.082 -0.184 -0.508 0.021 0.001
(1.84) (0. .39) (-2.90) (-1.37) (-4.26) (0.09) (0.01)
Av Wind -0.108 -0. 114 0.139 1.188 0.893 -0.184 -0.590
(-0.86) (-1. .16) (1.59) (3.06) (2.43) (-0.27) (-0.92)
Dummy:
Sat -6.059 -6. 386 -4.863 -7.065 -8.718 -30.759 -35.811
(-5.66) (-5. 42) (-6.23) (-2.14) (-2.66) (-5.38) (-6.24)
Sun -10.031 -10. -7.722 -7.548 -51.510 -54.769 -61.566 -65.407
(-9.90) (-10.28) (-9.74) (-10.28) (-16.46) (-17.75) (-11.38) (-12.12)
* The odd-numbered regressions are based oxidant data collected at Cleveland Park and
the even-numbered regressions are based on oxidant data collected at the CAMP station.
a/ The coefficient of determination; a value of 0.276 indicates that 27.6 percent of
the variation in unscheduled visits was “explained” by the independent variables.
b/ The regression coefficient.
c/ The t-statistic; a value of 1.65 indicates significance at the 10 percent Level,

using a two-tailed test.



In addition to testing for sinple lags, we enployed the Al non distributed
lag technique in order to examine the data for nore conplicated |ag effects.
This procedure inposes structure on the coefficients of the lagged air pollu-
tion variables by constraining themto fit a polynonial curve of a specified
degree. The method often results in the reduction of large standard errors
in the distributed lag coefficients that may arise frommulticollinearity in
the lagged val ues of the independent variables. It also allows for consider-
able flexibility. W began by fitting second- and third-degree polynonials,
using lags of five days. The results (not reported) did not uncover any con-
sistent, significant |ag effects.

Time-series nultiple regression also allows one to investigate whether
a consecutive period of several days of high air pollution are nore “detri-
mental” to health than isolated days of high air pollution. That is, it per-
mts one to examine the inplications of air pollution episodes. This issue
is of particular interest since several studies have uncovered such episodic
effects. 14/ One way to explore the possibility of episodic effects is to
define a new air pollution variable as the product of the air pollution read-
ings on several consecutive days and substituting this variable in place of a
sinple contenporaneous air pollution neasure. Specifically, we defined a new
air pollution variable as the product of the photochenical oxidant |evels for
the current day and the two preceding days. 15/ The results (Table 8.9 and
Table 8.10) of using this variable in place of the sinple contenporaneous air
pollution neasure indicated that the data did not evidence episodic effects
of this nature. (In fact, when the coefficients for the episodic variables were
statistically significant, they were negative.) W then exami ned “episodes” of
different lengths and found similar results. In other words, we did not find
that department utilization significantly increased during periods in which air
pollution levels were elevated for a successive nunber of days.

THE EFFECTS OF OTHER AIR POLLUTANTS

In addition to looking at the association between photochemn cal oxidant
levels and clinic utilization, we were able to investigate the effects of

three other air pollutants primarily related to nobile sources (non-methane
hydr ocar bons, nitrogen dioxide, and carbon monoxide) and one air pollutant

primarily related to stationary sources (sul fur dioxide). This section wll
present the regression results pertinent to these air pollutants

Non- net hane Hydr ocar bons

We reported in Section VI that the |evels of non-nmethane hydrocarbons
exceeded the national standards on nobst days for which data were available
(See Table 6.1). Nevertheless, the results of substituting readings on non-
met hane hydrocarbons for photochenical oxidants in statistical analyses sinilar
to those reported above did not uncover any consistently significant relation-
ship between unscheduled utilization in any departnent and the |evel of non-
nmet hane hydrocarbons (as measured by the 3-hour average taken at the CAMP
station) during 1973 (Table 8.11). Unfortunately, adequate 1974 non-net hane
hydrocarbon data were not available to permt a replication of these findings

14/ For a detailed review of several air pollution episodes, see Ashe [7] and
15/ McCarrol | [30]. 2

i =mn
22/ In notational terms, O, 70 C%-—k’
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TABLE 8.9. EPISCDI C EFFECTS OF OXIDANTS ON
UNSCHEDULED DEPARTMENT UTI LI ZATI ON
( PENNSYLVANI A AVENUE - 1973)

umMm UOPHTH UPED
1 2 3
R 0.639 a/ 0. 448 0. 634
Const ant 18. 120 7.930 52. 054
Air Pollution:
2
kgo th-k -0.535 b/ 0. 152 -1.214
(-0.72) ¢/ (0.32) (-0.72)
Weat her:
Av T -0. 005 -0.001 -0. 067
(-0.22) (-0.07) (-1.47)
Av W nd 0.022 -0.015 -0.527
(0.22) (-0.24) (-2.35)
Dummy:
Sat -10. 189 -4.352 -3.618
(-11.74) (-7.87) (-1.86)
Sun -17. 855 -7.787 -42.176
(-21.39) (-14.65) (-22.56)

a/ The coefficient of determination; a value of 0.639 indicates that 63.9
percent of the variation in unscheduled visits was "explained" by the
i ndependent vari abl es

b/ The regfession coefficient.

c/ The t-statistic; a value of 1.65 indicates significance at the 10 percent
level, using a two-tailed test.
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TABLE 8.10. EPISODIC EFFECTS OF OXIDANTS ON
UNSCHEDULED DEPARTMENT UTILIZATION
(PENNSYLVANIA AVENUE - 197
UM UOPHTH UPED WC
1 2 3 4 5 6 7 8
2
R 0.282 a/ 0.271 0.275 0.257 0.512 0.500 0.308 0.326
Constant 9.481 11.646 5.436 4.794 64.184 71.825 156.890 161.652
Air Pollution:
2
k:O Oxt « -2.344 b/ -1.997 -8.067 1.189
(CP) - (-2.47) ¢/ (-2.65) (-2.73) (0.23)
2
m
k=0 Ox{_k -0.418 1.354 4.459 10.907
(CAMP) (-0.16) (0.70) (0.56) (0.79)
Weather:
Av T 0.042 0.010 0.034 0.018 -0.321 -0.445 0.135 0.096
(1.50) (0.34) (1.52) (0.83) (-3.67) (-4.87) (0.89) (0.61)
Av Wind -0.131 -0.186 0.074 0.147 1.107 0.938 -0.289 -0.539
(-1.05) (-1.55) (0.77) (1.63) (2.93) (2.50) (-0.44) (-0.84)
Dummy:
Sat -6.208 -6.144 -5.531 -4.838 -8.231 -8.084 -31.258 -35.131
(-5.87) (-5.77) (-6.58) (-6.03) (-2.50) (-2.43) (-5.47) (-6.13)
Sun -10.219 -10.230 -7.595 -7.159 -51.337 -52.911 -60.700 -63.847
(-10.33) (-10.32) (-9.66) (-9.60) (-16.65) (-17.10) (-11.36) (-11.98)

a/ The coefficient of determination; a value of 0.282 indicates that 28.2 percent of the
variation in unscheduled visits was "explained" by the independent variables.

b/ The regression coefficient.

¢/ The t-statistic; a value of 1.65 indicates significance at the 10 percent level, using a

two tailed test.
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TABLE 8.11. REGRESSION ANALYSIS OF NON- METHANE HYDROCARBON
EFFECTS ON UNCHEDULED DEPARTMENT UTI LI ZATI ON
( PENNSYLVAN A AVENLE - 1973)

Um UOPHTH UPED
1 2 3
R? 0.616 a/ 0. 542 0.715
Const ant 15. 475 10. 673 53. 761
Air Pollution
Nm H 0.181 b/ -0.021 0.826
(0.27) ¢/ (-0.05) (0.59)
Weat her:
Av T -0. 005 -0.022 -0.123
(-0.24) (-1.66) (-2.91)
Av Wnd 0. 064 -0.070 -0.208
(0.49) (-0.81) (-0.76)
Dummy:
Sat -8. 307 -5. 207 -6. 350
(-8.81) (-8.36) (-3.20)
Sun -15. 738 -8. 777 -43. 082
(-17.29) (-14.61) (-22.53)

a/ The coefficient of determination; a value of 0.616 indicates that 61.6
percent of the variation in unscheduled visits was "explained" by the
i ndependent vari abl es.

b/ The regression coefficient.

¢/ The t-statistic; a value of 1.65 indicates significance at the 10 percent
l evel, using a two-tailed test.

58



Ni trogen Dioxi de

Unlike the situation with non-nethane hydrocarbons, we reported in Sec-
tion VI that the levels of nitrogen dioxide in the Washington Metropolitan Area
were below the national primary and secondary standard. When we substituted
a nitrogen dioxide variable for the photochem cal oxidant variable (in speci-
fications simlar to those reported previously) we did not find evidence of
consistently significant associations between unscheduled utilization in any
department and the level of nitrogen dioxide (as nmeasured by the 24-hour
average taken at the CAMP station) during 1973 (Table 8.12). Again, we did
not have sufficient 1974 nitrogen dioxide data to test these findings by
replication.

Car bon MNbnoxi de

The final nmobile-source air pollutant that we exam ned was carbon nonoxide

The discussion in Section VI indicated that levels of this air pollutant were

at or above the national standards at times during 1973 and 1974. Qur enpiri-
cal results from substituting a carbon nonoxide variable for the photochem ca
oxi dant variable suggested an association between unscheduled utilization of

t he ophthal nol ogy departnent and |evels of carbon nonoxide (as measured by the
mexi mum | - hour average taken at the CAMP station) during 1973. The rel evant
equation is shown below and corresponds to regression 3 in Table 8.13

UOPHTH = 6.301 + 0.119 CO + 0.009 Av T + 0.035 Av Wnd

(2.82) (0.74) (0.52)
-4.405 Sat - 7.653 Sun (RZ = 0.470)
(-7.86) (- 14. 36)

The variables are simlar to those in the specification above, although CO
(the maximum | -hour average carbon nonoxide reading on a given day) is substi-
tuted for the photochenical oxidant variable, Ox. Rather than discussing this
equation in detail, we will interpret the results relative to those obtained
for photochemcal oxidants. One interpretation of the equation is that an
increase of 1.0 ppmin the maximum |-hour average carbon nonoxide |eve
(raising the mean from6.94 to 7.94 ppn) was related to an increase of 0.12
daily unscheduled visits to the ophthal nol ogy department (raising the nean
nunber of unscheduled visits from6.07 to 6.19). An alternative interpreta-
tion of this result is that a 10 percent decrease in the mean of the air pol-
lution variable would be associated with a 1.5 percent decrease in the nunber
of unscheduled visits to the departnent.

In addition to the carbon nonoxi de data nonitored at the CAMP station
conprehensive data for this air pollutant were available from another station
| ocated at D.C. General Hospital (see Table 6.1). Wen those readings were
substituted for the CAMP station readings, the results indicated that the
associ ation for the ophthal mol ogy departnent failed to hold. However, a
positive and statistically significant association was seen between
unschedul ed pediatric visits and carbon nmonoxide readings fromthe D. C
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TABLE 8.12. REGRESSI ON ANALYSI'S OF NI TROGEN DI OXI DE
EFFECTS ON UNSCHEDULED DEPARTMENT UTI LI ZATI ON
( PENNSYLVANI A AVENUE - 1973)

um UCPHTH we
1 2 3
R 0.615 a/ 0. 456 0. 645
Const ant 18. 715 7.979 51. 865
Air Pollution:
NO, -17.414 b/ 3.275 -38.977
(-0.78) ¢f (0.23) (-0.80)
\\éat her:
Av T -0.010 0. 002 -0.474
(-0.53) (0. 20) (-1.18)
Av Wnd -0. 007 -0.022 - 0. 465
(-0.07) (-0.32) (-2.01)
Dummy :
Sat -9.729 -4, 497 -4.634
(-11.48) (-8.21) (-2.52)
Sun -17. 365 -8.068 -42.599
(-21.57) (-15. 49) (-24.41)

The coefficient of determnation; a value of 0.615 indicates that 61.5
percent of the variation in unscheduled visits was "explained" by the

i ndependent vari abl es.

The regression coefficient.

The t-statistic; a value of 1.65 indicates significance at the 10 percent
level, using a two-tailed test.
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TABLE 8.13. REGRESSION ANALYSIS OF CARBON MONOXIDE
EFFECTS ON UNSCHEDULED DEPARTMENT UTILIZATION
(PENNSYLVANIA AVENUE - 1973)
UIM UOPHTH UPED
1 2 3 4 5 6
r? 0.599 a/ 0.634 0.470 0.446 0.650 0.631
Constant 18.377 16.339 6.301 7.939 48.570 44.760
Air Pollution:
CO (CAMP) -0.077 b/ 0.119 0.136
(-1.15) ¢/ (2.82) (0.96)
CcO (D.C.) 0.102 -0.037 0.306
(1.50) (-0.83) (1.97)
Weather:
Av T -0.010 -0.011 0.009 0.007 -0.057 -0.032
(-0.52)  (-0.60) (0.74) (0.56) (-1.32)  (-0.75)
Av Wind -0.010 0.132 0.035 -0.026 -0.312 -0.168
(-0.09) (1.27) (0.52) (-0.38) (-1.36)  (-0.71)
Dummy:
Sat -9.645 -9.597 -4.405 -4.241 -3.394 -4.400
(-10.76) (-11.12) (-7.86) (-7.51) (-1.78)  (-2.22)
sun -17.329  -17.375 -7.653 -7.880 -42.192  -42.125
(-20.32) (-21.26) (-14.36) (-14.74) (-23.34) (-22.41)

&/ The coefficient of determination; a value of 0.599 indicates that 59.9 percent of

the variation

b/ The regression coefficient.

in unscheduled visits was "explained" by the independent variables.

¢/ The t-statistic; a value of 1.65 indicate8 signficance at the 10 percent level,

using a two-tailed teet.
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General Hospital station. 16/ The equation corresponding to regression 6
in Table 8.13 for the pediatric department is presented bel ow

UPED = 44.760 + 0.306 CO- 0.032 Av T - 0.168 Av Wnd
(1.97) (-0.75) (-0.71)

-4.400 Sat - 42.125 Sun (R? = 0.631)
(-2.22) (-22. 41)

The variables are as before except for the fact that the air pollution variable
was based on readings nmonitored at D.C. Ceneral Hospital. One interpretation
of this equation is that an increase of 1.0 ppmin the maxinum | -hour average
carbon monoxi de level (raising the mean from 6.86 ppmto 7.86 ppm) was related
to an increase of 0.31 daily unscheduled visits to the pediatric departnent
(raising the nean nunber of unschedul ed visits from 36.03 to 36.34). This

can also be stated in percentage terms: a 10 percent decrease in the nean of
the air pollution variable would be associated with a 0.58 percent decrease in
the nunber of unscheduled visits to the department.

Carbon nonoxi de data were also available for 1974 from the nonitoring
station located at D.C. General Hospital. The results of statistical analyses
using these data in conjunction with 1974 visitation and climatic data failed
to uncover any statistically significant associations between carbon nonoxide
| evel s and unschedul ed department visits (Table 8.14).

Fol l owing these results, we exam ned both the 1973 and 1974 carbon nonoxi de
data in conjunction with the health data in an attenpt to uncover lag or epi-
sodic effects of air pollution (not reported). As was the case for photo-
cheni cal oxidants, no consistent |ag or episodic effects were exhibited.

Sul fur Di oxi de

The last air pollutant for which we had data was sul fur dioxide. As noted
in Section VI, this air pollutant is primarily attributed to stationary sources.
Not wi t hstandi ng, since the air pollution-health literature is domnated by
studies involving stationary-source pollutants such as sulfur dioxide, 17 we
felt it would be useful to exam ne our data for possible associations. W
recogni zed at the outset that the sulfur dioxide |evels experienced in the
Washington Metropolitan Area are substantially below those in nost other metro-
politan areas. Hence, we were somewhat surprised that our findings indicated
possi bl e associations between levels of sulfur dioxide and unscheduled visits
to the internal medicine and ophthal nol ogy departments.

Specifically, two nonitoring stations (D.C. General Hospital and American
Cheni cal Society) provided sufficient sulfur dioxide data to pernmit statistical
anal yses (see Table 6.1). In addition, each station reported both the 24-hour

16/ Note that the results using the CAWP station carbon nonoxi de data
indicated a positive, statistically insignificant association wth
unschedul ed pediatric visits (see regression 5 Table 8.13).

17/ See, for exanple, Hodgson [24] and G asser and Greenburg [16].
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TABLE 8.14. REGRESSI ON ANALYSIS OF CARBON MONOXI DE
EFFECTS ON UNSCHEDULED DEPARTMENT UTI LI ZATI ON
( PENNSYLVANI A AVENUE - 1974)

UM UOPHTH UPED wc
1 2 3 4
R2 0.256 a/ 0.235 0.476 0. 306
Const ant 10. 914 4.991 66. 326 145, 649
Air Pollution:
Q0 (D.C.) -0.065 b/ 0. 0002 -0.025 0. 037
(-0.70) ¢/ (0.01) (-0.09) (0.07)
Weat her:
Av T 0.024 0.019 -0. 364 0.268
(0. 96) (0.99) (-4.74) (1.90)
Av W nd -0.174 0.126 0. 892 -0. 048
(-1.35) (1.27) (2.25) (-0.07)
Dummy:
Sat -6. 037 -4.852 -7.599 -31.233
(-5.56) (-5.82) (-2.27) (-5.17)
Sun -10. 050 -7.023 -51. 597 -64. 436
(-9.79) (-8.92) (-16.35) (-11. 36)

a/ The coefficient of determination; a value of 0.256 indicates that 25.6
percent of the variation in unscheduled visits was "explained" by the
i ndependent vari abl es.

b/ The regression coefficient.

¢/ The t-statistic; a value of 1.65 indicates significance at the 10 percent
level, using a two-tailed test.
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average reading and the maximum |-hour reading. Qur enpirical results
indicated that the latter nmeasure was nore inportant in terms of signifi-
cant associations with the health data. 18/ Hence, Table 8.15 presents
the results of separate regressions using 1973 sul fur dioxide |evels

(as neasured by maximum | -hour readings) from each station for each
departnent.

As can be seen from the table, none of the associations between
unschedul ed departnment visits and sulfur dioxide levels was significant
for readings taken from both stations. However, positive and statis-
tically significant associations were exhibited for unscheduled visits
to the internal nedicine departnent (regression 1) and for unschedul ed

visits to the ophthal nol ogy department (regression 4). The rel evant
equations are reproduced bel ow.

UM= 14.222 + 19.502 SO, + 0.012 Av T + 0.147 Av Wnd
(1.78) (0. 56) (1.35)
~9.353 Sat - 16.811 Sun
(- 10. 50) (-19. 19) (R? = 0.583)
UOPHTH =

6.166 + 10.680 SO, + 0.017 Av T + 0.012 Av W nd
(1.65) (1.12) (0.17)

_4.508 Sat - 7.875 Sun
(-8.08) (- 14. 45) (R2 = 0.452)

The variables are simlar to those in the previous specifications

al t hough SO, (the nmaxi mum | -hour average sul fur dioxide reading on a
given day) Ts the air pollution variable. One interpretation of the first
equation is that an increase of 0.01 ppmin the naxi num |-hour average
sul fur dioxide level (raising the mean from 0.041 to 0.051 ppn) was
related to an increase of 0.20 daily unscheduled visits to the interna
medi ci ne departnent (raising the nmean nunber of unscheduled visits from
13.02 to 13.22). An alternative interpretation of this result is that a
10 percent decrease in the mean of the air pollution variable would be
associated with a 1.5 percent decrease in the number of unschedul ed
visits to the departnent.

Wth respect to the ophthal nol ogy department, one interpretation of
the second equation is that an increase of 0.01 ppmin the sulfur dioxide
level was related to an increase of 0.11 daily unscheduled visits to the
opht hal mol ogy departnent (raising the nmean nunber of unscheduled visits
from6.06 to 6.17). In percentage ternms this result signifies that a 10
percent decrease in the nean of the air pollution variable would be
associated with a 0.4 percent decrease in the number of unschedul ed
visits to the departnent.

Maxi mum | - hour readings for sulfur dioxide were available for only one
station in 1974 (see Table 6.1). Analyses of these data in conjunction
with the 1974 utilization data failed to replicate the positive associations

18/ This is a somewhat interesting result since the national primry

standard for sulfur dioxide is based on a 24-hour average rather than
a maximum | - hour average.
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TABLE 8.15. REGRESSION ANALYSIS OF SULFUR DI OXI DE
EFFECTS ON UNSCHEDULED DEPARMENT UTI LI ZATI ON
(PENNSYLVAN A AVENUE - 1973)

um UOPHTH UPED
1 2 3 4 5 6
R 0.583 a/ 0.585 0.466 0.452 0.626 0.643
Constant 14.222 15.153 8.230 6.166 48.399 46.208
Air Pollution:
s (D.C) 19.502 b/ 0.781 18.986
2 (1.78) ¢/ (0.12) (0.81)
7.593 10.680 23.058
S0, (ACS) (0.72) (1.65) (1.07)
Weather:
AV T 0.012 0.007 0.004 0.017 -0.049 -0.024
(0.56) (0.29) (0.30) (1.12) (-1.07)  (-0.47)
Av Wind 0.147 0.116 -0.032 0.012 -0.331 -0.317
(1.35) (1.03) (-0.48) (0.17) (-1.42)  (-1.38)
Dummy:
Sat -9.353 -9.682 -4.763 -4.508 -4.150 -5.152
(-10.50) (-10.62) (-8.71)  (-8.08) (-2.18)  (-2.76)
Sun -16.811  -16.937 -8.216 -7.875 -42.383  -42.157
(-19.19) (-19.03) (-15.29) (-14.45) (-22.68) (-23.14)

a/ The coefficient of determination; a value of 0.583 indicates that 58.3 percent of
the variation in unscheduled visits was “explained” by the independent variables.

b/ The regression  coefficient.

c/ The t-statistic; a value of 1.65 indicates significance at the 10 percent level,
using a two-tailed test.
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exhibited in Table 8.15 for the 1973 data (Table 8.16). W al so exam ned
both the 1973 and 1974 data for evidence of lag or episodic effects
involving sul fur dioxide data, but none were discovered (not reported).

SYNERA STI C  EFFECTS

There have been a nunber of studies suggesting the inportance of
interactions between air pollutants and their conbined effects on health.
Particular reference has been made to possible synergistic effects of
ozone in conbination with nitrogen oxides 19/, and oxidants in conbination
with sul fur dioxide. 20/ Consequently, in an effort to investigate our
data for possible synergistic effects, we regressed the variables repre-
senting unschedul ed utilization of the various departments on variables
representing the possible interactions between photochenical oxidants
and nitrogen dioxide, and between photochemnical oxidants and sul fur
dioxide. In addition, we examned the interaction between photocheni cal
oxi dants and carbon nonoxi de. 21/

The enpirical analyses involving interaction terns for photochenica
oxidants and nitrogen dioxide failed to uncover any evidence of synergism
(Table 8.17). Wen the interaction term was substituted in the previous
specifications, its coefficient failed to attain statistical significance
The results for the interaction between photochenical oxidants and sul fur
dioxide were generally sinilar (Table 8.18). However, in this case, the
interaction term was statistically significant in explaining the variation
in 1974 unschedul ed visits to the ophthal nol ogy departnent (regression 4).22/
Nevert hel ess, upon comparing the estimted effect represented by the
interaction termwith the estimated effects corresponding to each of these
air pollution variables in previous regressions, there was no indication
of a synergistic relationship. That is, the nmagnitude of the association
between the interaction variable (Ox x S02) and unschedul ed opht hal nol ogic
visits was less than the sum of the associations between unschedul ed
opht hal mol ogi ¢ visits and both photochenical oxidant |evels and sul fur
dioxide levels (regression 4, Table 8.6 and regression 2, Table 8.16
respectively). Finally, the results for the interaction between photo-
cheni cal oxidants and carbon nonoxide are presented in Table 8.19. Again,
despite positive and statistically significant coefficients for the air
pollution interaction termin regressions 4 and 7, the nagnitude of the
estimated effects did not indicate any evidence of synergism

19/ See Thorp [ 38].

20/ See Andur [ 3].

21/ In notational terms the interactions were equal to the product of the
phot ochemi cal oxidant reading and the nitrogen dioxide reading, Ox x ;
the product of the photochenical oxidant reading and the sulfur dioxide
reading, Ox x S02; and the product of the photochem cal oxidant reading
and the carbon nonoxide reading, Ox x CO

22/ This might be expected since the previous results indicated significant

associ ations bhetween unscheduled visits to the ophthal mol ogy department

and both photochenical oxidant |levels and sulfur dioxide |evels

(measured at the Anmerican Chenical Society).
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TABLE 8.16. REGRESSION ANALYSIS OF SULFUR DI OXI DE
EFFECTS ON UNSCHEDULED DEPARTMENT UTI LI ZATI ON
( PENNSYLVANI A AVENUE - 1974)

um UOPHTH UPED WC
1 2 3 4
R 0.276 a/ 0. 234 0.472 0.292
Const ant 15. 038 3.844 75. 379 149, 633
Air Pollution:
802 (CAWP) -29.222 b/ 1.511 -54. 658 -19. 604
(-2.17) ¢/ (0.14) (-1.25) (-0.27)
Weat her:
Av T -0.024 0.033 - 0. 467 0. 246
(-0.87) (1.56) (-5.33) (1.66)
Av W nd -0.217 0. 015 0. 960 -0. 159
(-1.62) (1.43) (2.21) (-0.22)
Dumy:
Sat -6.284 -5.009 -9.397 -34. 847
(-5.72) (-5.88) (-2.66) (-5.83)
Sun -10. 329 -6.974 -51.772 -60. 162
(-9.88) (-8.54) (-15. 32) (- 10. 50)

a/ The coefficient of determination; a value of 0.276 indicates that 27.6
percent of the variation in unscheduled visits was "explained" by the
i ndependent vari abl es.

b/ The regression coefficient,

¢/ The t-statistic; a value of 1.65 indicates significance at the 10 percent
level, using a two-tailed test.
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TABLE 8.17. SYNERG STIC EFFECTS OF OXI DANTS AND N TROGEN
DI OXIDE ON UNSCHEDULED DEPARTMENT UTI LI ZATI ON
( PENNSYLVANI A AVENUE - 1973)

Um UCPHTH UPED
1 2 3
R2 0.629 a/ 0. 445 0. 632
Const ant 18. 314 8.198 49. 565
Air Pollution:
X x NO, -204.237 b/ 168. 168 -447.909
(-1.12) ¢/ (1. 40) (-1.10)
\Weat her ;
Av T -0. 003 -0. 007 -0.018
(-0.14) (-0.52) (-0.38)
Av W nd 0. 008 -0.016 -0.491
(0.07) (-0.24) (-2.13)
Dummy:
Sat -9.823 -4.319 -5.019
(-11.36) (-7.58) (-2.60)
Sun 17.748 -7.992 -42.535
(-21.49) (-14.70) (-23.03)

The coefficient of determination; a value of 0.629 indicates that 62.9
percent of the variation in unscheduled visits was “explained” by the

i ndependent vari abl es.

The regression coefficient.

The t-statistic; a value of 1.65 indicates significance at the 10 percent
level, using a two-tailed test.
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TABLE 8.18. SYNERGISTIC EFFECTS OF OXIDANTS AND SULFUR
DIOXIDE ON UNSCHEDULED DEPARTMENT UTILIZATION
(PENNSYLVANIA AVENUE - 1973 and 1974)*

UIM UOPHTH UPED we
1 2 3 4 5 6 7
R? 0.636 a/ 0.276 0.450  0.257 0.641  0.470 0.293
Constant 18.034  12.746 7775  2.706 52409 71.133  149.154
Air Pollution:
-146.976 b/ 105.900 -69.059
Ox xS0, (ACS) (-1.21) ¢/ (1.33) (-0.25)
-480.82 397.534 390.013  819.820
ox X S0, (CAMP) (-1.76) (1.99) (0.44)  (0.55)
Weather:
AVT -0.001  0.004 0.000  0.029  -0.077 -0.456 0.229
(-0.06) (0.16)  (0.01) (1.54) (-1.81) (-5.23)  (1.60)
Av Wind 0.018 -0.185  -0.008  0.233  -0.488  1.129  -0.111
(0.18) (-1.41) (-0.13) (2.43) (-2.13) (2.64)  (-0.15)
Dummy :
sat 9.777  -6.233  -4.444 -4.780  -3.499  -9.073  -35.214
(-10.82) (-5.67) (-7.49) (-5.95) (-1.73) (-2.54)  (-5.85)
sun 17.8  -10.303  -7.892  -6.897  -42.570 -52.361  -60.703

(-21.39) (-9.67) (-14.44) (-8.85) (-22.77) (-15.10) (-10.39)

*Regressions 1, 3, and 5 are based on 1973 data and regressions 2, 4, 6 and 7 are based
on 1974 data.

a/ The coefficient of determination; a value of 0.636 indicates that 63.6 percent of the
variation in unscheduled visits was "explained" by the independent variables.

b/ The regression coefficient.

¢/ The t-statistic; a value of 1.65 indicates significance at the 10 percent level, using a
two-tailed test.
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TABLE 8.19. SYNERGISTIC EFFECTS OF OXIDANTS AND CARBON
MONOXIDE ON UNSCHEDULED DEPARTMENT UTILIZATION
(PENNSYLVANIA AVENUE - 1973 and 1974)*

UiM UOPHTH UPED wWC
1 2 3 4 5 6 7
2
R 0.634 a/ 0.192 0.447 0.197 0.632 0.659 0.292
Constant 17.865 3.182 7.665 1.291 51.140 6.003 104.409
Air Pollution:
oX X CO -0.838 b/ 1.161 0.285 2.995 -0.124 -1.359 20.359
(-1.52) g/ (0.69) (0.80) (2.46) (-0.10) (-0.34) (2.23)
Weather:
Av T -0.004 -3.223 0.003 -3.272 -0.065 2.132 -17.789
(-0.18) (-2.83) (0.22) (-3.99) (-1.53) (0.78) (-2.89)
Av Wind 0.056 0.252 0.001 0.004 -0.440 0.399 0.818
(0.52) (3.35) (0.01) (0.07) (-1.86) (2.21) (2.01)
Dummy:
Sat -10.231 -0.019 -4.426 0.062 -5.498 0.912 0.697
(-11.09) (-0.63) (-7.39) (2.92) (-2.71) (13.08) (4.42)
Sun -17.926 0.132 -7.865 0.057 -42.346 0.391 0.567

(-20.23) (6.25) (-13.67)  (3.76) (-21.73)  (7.73) (4.96)

*Regressions 1, 3 and 5 are based on 1973 data and regressions 2, 4, 6, and 7 are based
on 1974 data.

a/ The coefficient of determination; a value of 0.634 indicates that 63.4 percent of the
variation in unscheduled visits was "explained" by the independent variables.

b/ The regression coefficient.
¢/ The t-statistic; a value of 1.65 indicates significance at the 10 percent level, using

a two-tailed test.
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THE EFFECTS OF OTHER METEORCLOG CAL VARI ABLES

Thus far we have reported results using only two neteorol ogi cal variables,
average daily tenmperature and average daily wind speed. Here, we investigate
the effects of two additional climatic variables, daily precipitation and
daily tenperature change. These two variables were selected on the basis of
findings from other studies. For exanple, precipitation has been included in
a study of energency hospital admissions to account for the fact that rain (or
snow) night render transportation by foot or autonobile nore hazardous and
consequent |y cause accidents. 23 W feel this factor has only linited appli-
cability to our analysis; however, for conpleteness, we felt it appropriate to
examne the effects of including a precipitation variable. Sinilarly, mention
has been made in sone studies that various illnesses such as asthma can be
aggravat ed by sudden tenperature changes; 24 hence, we defined a tenperature
change variable as the difference between the maxinmm daily tenperature and
mninum daily tenperature and explored the effects of including this variable
in our statistical analyses.

In general, the inclusion and substitution of the various climatic vari-
ables did not greatly affect the nagnitude and significance of the coefficients
of the air pollution variables. The only noteworthy exception indicated that
substitution of the temperature change variable for the average tenperature
variable had a noderate effect on the inportance of certain air pollution
variables. This was not unexpected, since the air pollution variables were,
in general, nore highly correlated with average tenperature than with tenpera-
ture change (see Appendix E).

As with the previous results,the additional weather variables sel dom
exhibited statistically significant associations with the unscheduled visita-
tion data fromthe various departnents. However, some generalizations can be
stated. Wthout question, the climatic variable that mst often was statisti-
cally significant was the tenperature change variable. At those times when
the variable was significant in explaining unscheduled visits, the signs of
its coefficient indicated that the greater the difference between the mninum
and maximum daily tenperature the more unschedul ed visits occurred. This
result was particularly true for visits to the pediatric departnent and to a
| esser extent for visits to the internal medicine department. 25/

THE EFFECTS ON METRO TRANSI T EMPLOYEES
As discussed in Section IV, approximtely 15 percent of the nenbership

of the Group Health Association is conprised of Washington metropolitan
transit systemenployees. W felt that an examination of this subset of GHA

23/ See Silverman [ 34].

24/ See [9].

25/ To put this result into perspective we note that a 10 percent increase in
the temperature difference variable (raising the mean from about 18 to
about 20 degrees) would be related to an increase of between 0.3 and 0.4
Percent in the nean nunber of unschedul ed pediatric visits. This can be
contrasted with the elasticities corresponding to the significant associ-
ations with the air pollution variables in Table 2.1.
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menmbers woul d be of particular interest. This was based on the presunption
that many of the Metro enployees would be likely to be exposed to significantly
hi gher doses (or nore prol onged exposure) to nobile-source air pollution in
their occupations as bus drivers or repair workers than other nenbers of GHA
Consequently, we replicated nmost of the analyses already discussed for this

group. In doing so, however, we found it necessary to aggregate unschedul ed
utilization and scheduled utilization. 26/

In general, the results based on the Metro sanple did not display signifi-
cant associations between nonitored levels of the various air pollutants and
visits to the clinic departnents. 27/ In fact, the only consistently significant
associations were exhibited between visits by Metro enployees to the ophthal-
mol ogy department and photochenical oxidant |evels during 1974,

The following two equations present these results:

METRO- OPHTH = 1.331 + 9.526 Ox + 0.006 Av T + 0.038 Av Wnd
(2.00) (0.79) (1.34)
-1.771 Sat - 2.454 Sun (R% = 0.299)

(-7.14) (-10. 39)

METRO- OPHTH = 1.595 + 6.012 Ox + 0.005 Av T + 0.031 Av Wnd
(1.59) (0. 59) (1.06)
-1.778 Sat - 2.428 Sun (R% = 0.293)

(-6.97) (-10. 13)

The top equation is based on 1974 photochenical oxidant data nonitored at the
CAMP station, while the bottom equation is based on 1974 photochemni cal oxidant
data nonitored at the Cleveland Park Public Library (see Table 6.1). In other
respects, these equations are similar to previous specifications except that
the dependent variable is now total department visits by the Metro sanple
rather than unschedul ed department visits by the total sanple.

One interpretation of these results is that a 10 percent decrease in the
mean of the relevant air pollution variables would be associated with between
a 2.0 and a 1.5 percent decrease in the nunber of visits by Metro enployees to
t he opht hal mol ogy departnent. Qur conclusion fromthis analysis is that, in
general, the findings for the Metro sanple were not at significant variance
fromthe findings for the total sanple. Gven the limted data and the afore-
mentioned difficulties associated with statistical analyses of small sanples,
we caution against overinterpretation of these results.

26/ This was necessary since the sanple size was greatly reduced resulting
in relatively large sanpling variation. Large sanmpling variation greatly
i mpedes attenpts to uncover significant statistical associations in such
data. See Lave and Seskin [ 28].

27/ W concentrated primarily on visits to the internal medicine and ophthal -
nol ogy departnments, since pediatric visits were not thought to be relevant
for this subsanple.
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THE FINDI NGS FOR ANOTHER HEALTH CLINIC

As discussed in Section V, in addition to the data for the main GHA
facility in downtown Washington, we had data from a smaller suburban
clinic located in Takoma Park (see Tables 5.2 and 5.4). In this section
we will report on the enpirical analyses pertaining to these data
Emphasis will be placed on the differences between the Takoma Park
results and the findings for the Pennsylvania Avenue clinic previously
di scussed.

Qur "strongest" results involve the association between unschedul ed
visits to the ophthal nol ogy departnent and |evels of photochenica
oxi dants. Unfortunately, as nentioned in Section V, the Takoma Park clinic
does not run an ophthal nol ogy department; hence, we could not examine this
association at that facility. Wth regard to our other findings, the
general statement can be nade that the associations between unschedul ed
utilization at Takoma Park and levels of air pollution were weaker than

the associations seen in using the data from the main Pennsylvania Avenue
facility.

At |east two possible explanations for this fact come to mind. The
first involves difficulties that nmay be associated with analyzing the
relatively small sanples represented by departnent utilization at Takoma
Park (see Appendix B). As discussed in the preceding section, smal

sanples and the acconpanying large sanpling variation raise statistical
problems in analyses of this nature

Anot her possible explanation for the "poor" results from using the
Takoma Park data concerns the fact that both air pollution exposures and
the relevant population group may exhibit different characteristics than
the data represented by the analysis involving the Pennsylvania Avenue
Ginic. This hypothesis is nore difficult to assess
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SECTION I X

DI SCUSSI ON

POLI CY | MPLI CATI ONS

The lack of information on the effects of nobile-source air pollutants
especially with regard to health, has made it difficult to evaluate the
potential benefits (including health benefits) from abatement of air pollu-
tion attributed to nobile sources. 1/ Gven that the annual cost of control-
ling nobile-source enissions from autonobiles has been estinmated to be as
high as $11 billion by 1985, this is a serious shortcomng. 2/

The only association we found to be consistent and statistically
significant for data from both 1973 and 1974 was between daily unschedul ed
visits to the ophthal ol ogy departnment at GHA and | evel s of photocheni ca
oxi dant pollution. Even here, 1974 air pollution data from a second noni-

toring station did not confirmthe relationship. In addition, a relationship
between urgent clinic visits and photochenical oxidant levels during 1974
(both stations) was noted with interest. |Isolated positive and significant

associations were also found between photochenical oxidant Levels and
unschedul ed pediatric visits, carbon nonoxide |levels and both unschedul ed
opht hal mol ogi ¢ and unschedul ed pediatric visits, and sulfur dioxide Levels
and both unschedul ed internal medicine and unschedul ed ophthal nol ogic
visits. Wat can we say about these results?

The association between nobile-source air pollutants and eye irritation
has been well docunented. 3/ Wat is of particular interest here is the
fact that the levels of photochem cal oxidant pollution in our data were
considerably below nost “"threshold" levels noted in the literature. &4/
Unfortunately, the specific conplaint associated with the urgent clinic
visits cannot be determ ned from our data. Hence, we have no way of exam n-
ing the association between specific ailments and photochenical oxidant
levels in light of the literature. Nevertheless, we should note the associa-
tion, although statistically significant, was of smaller magnitude than the
association with eye problens (see Table 2.1). That is, even if the associa-
tion proved to be causal in nature, it is questionable as to how serious the
policy inplications (or econonmc consequences) would be. Finally, despite
the fact that positive and significant associations were noted between |evels
of other air pollutants (carbon nonoxi de and sul fur dioxide) and unschedul ed
department visits (see above), these results were nmxed. Hence, we believe
that it would be overinterpreting the data to draw policy conclusions from
the isolated findings pertaining to these air pollutants

Wiile investigators may later find a strong association between ill health
and autonobile enissions (as represented by anbient Levels of carbon nonoxide
nitrogen oxides, hydrocarbons, and photochemnical oxidants), current evidence is
sonewhat to the contrary. This is in contrast to the relatively |arge nunber

of studies that document significant associations between ill health and
anbi ent | evels of such stationary-source air pollutants as suspended particu-
lates and sulfates. In general, the results fromthis study pertaining to the

Washi ngton Metropolitan Area support this difference

1/ See National Acadeny of Sciences [31].
2/ Ibid., p. 12.

3/ See Hammer et al . [20].

4l 1bid., p. 257, 74



ECONOM C CONSEQUENCES

Despite our very limted findings, we will make a crude cal cul a-
tion of the econonic consequences pertaining to the relationship
bet ween oxidant |evels and ophthal nblogic visits. First we will deter-
mne the percent reduction in oxidant levels that would be necessary
in order that the national standard of 0.08 ppm (nmaxi mum | -hour
average) not be exceeded. From our data, we estinmate the necessary
reductions to be 55.6 percent for 1973 oxidant levels and 42.9 percent for
1974 oxi dant |evels. Thus, if oxidant |evels were reduced by about 50
percent in the Washington D.C. Metropolitan Area, the air quality in the
region would probably be in conpliance with the national anbient air
quality standard for photochem cal oxidants. Using the estimted reduc-
tions, we can then apply themto the elasticities conputed pertaining to
t he oxi dant - opht hal nol ogy association (see Table 2.1). The results
indicate that the above reductions in oxidant levels would correspond to
a 6.1 percent reduction in unscheduled ophthalmologic visits during 1973
and an 18.4 percent reduction during 1974. This, in turn, represents
approxi mately 136 unscheduled visits to GHA in 1973 and 367 unschedul ed
visits to GHA in 1974,

The second step involves attaching a nonetary value to these visits.
To estimate the direct nedical costs, we wll assign the value of
$20.00 per visit. W have no specific cost data but that value is
representative of the average medical costs associated with visits for
sinple eye problens in Maryland [22]. This translates into direct medical
costs of approximtely $2700 in 1973 and $7300 in 1974.

However, the direct nedical costs cal cul ated above represent only
one conponent of the benefits that would be obtained from abating oxidant
air pollution if a causal relationship exists between oxidant |evels and
unschedul ed ophthal ol ogic visits. Additional indirect costs would be
associated with lost worker productivity and restricted activity.
Unfortunately, it is difficult to estimate these indirect costs as they
mght relate to ophthal nologic problems. Nevertheless, Cooper and Rice
(12' recently estimated the economc cost of illness in the United States.
They found that for diseases of the nervous system and sense organs indirect
costs (including |osses due to illness of homenakers who cannot perform
their housekeeping duties) were approximately 80 percent as great as direct
medi cal costs. Hence, using this proportion, we can obtain crude estinates
of the indirect costs associated with reduced ophthal nol ogic problens.
Specifically, the indirect costs were calculated to be $2160 for 1913 and
$5840 for 1974.

Finally, there are additional costs associated with pain and suffering
However, no one has successfully quantified this dimension of illness
Rat her than assign conpletely arbitrary nunbers to this category, we prefer
to conclude that the sum of the direct and indirect costs estimted
above represent an underestimate of the “true” costs associated with
reduced ophthal nologic visits. Thus, $4860 in 1973 and $13,140 in
1974 represent underestinmates of the “true” benefits of reducing
ophthal mol ogic visits that would be obtained from the assuned reductions
in photochenical oxidant levels (if the relationship between oxidant
| evel s and ophthal nmologic visits were a causal one)

75



To extrapol ate these benefit estimates to the entire Metropolitan
Washington Area is presumably stretching the data beyond its limts.
Ve know, for exanple, that the population enbodied in the Goup Health
nmenbership is not representative of the Metropolitan Washi ngton Area
popul ation. 5/ Furthernore, it is difficult to deternine the direction
of bias this introduces. Nevertheless, with these caveats in nind, for
illustrative purposes we will assune that the Goup Health menbers are
characteristic of the metropolitan population. This would inply that
the benefits relating to decreased ophthal mol ogi c problens from the
assumed reductions in photochem cal oxidant |evels could be as great
as twenty (the ratio of the Metropolitan Washington Area popul ation
to the GHA nmenbership) times the nonetary estimates derived above.
That is, the 1973 benefit estimate could be as high as $97,200 and
the 1974 benefit estimate could be as high as $262,800._/

The benefit estimtes should not be taken out of context. To
put these nunbers in perspective one nmust remenber that there are costs
associated with reducing photochem cal oxidant levels. The prinary
met hod of abating photochemical oxidants in the Washington Metropolitan
Area is by policies designed to control emissions from autonmobiles. A
conservative estimate of the annual costs of enission-control devices
on autonobiles is $100 per auto [32]. The autonobile population for
our study area is approximately 700,000. This translates into costs of
about $70 million per year. Cearly, the Metropolitan Washington popu-
lation is incurring substantial costs for the control of nobile-source
em ssions. Al though benefits in addition to reduced ophthal nol ogic
problens may accrue from such control policies, our limted findings
cannot be used to justify these large expenditures.

Thus, our findings along with other existing evidence, suggest
that nobile-source air pollution exhibits to a linmted degree acute health
effects. Evidence supporting chronic health effects from nobile-source
air pollutants is virtually non-existent. It is possible that, in certain
areas of the country, the relationship between the levels of nobile-source
air pollutants and acute effects such as eye irritation warrant stringent
regional emnission control policies. However , the adoption of stringent
national emnission control policies is questionable. Additional information
on the health effects of autompbile enissions may, of course, alter these
conclusions. Furthernore, if other effects (e.g., aesthetic effects)
associated with nmobile-source air pollution are found to be of substanti al
magni tude and inportance, policymakers may justify the control of nobile-
source emssions on that basis alone.

FUTURE RESEARCH

The nature of the data available for statistical analyses has suggested
a number of future research needs. Pperhaps the nost serious deficiency in
investigating the air pollution-health relationship is that of good air
quality data. As noted in Section IIl, air quality neasurenents taken at

5/ See Section IV, especially p. 18

6/ Note, these benefit estimates do not include possible inprovenents in

~ other health areas or benefits that might be associated with inproved
visibility, aesthetic effects, and so on.
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a single sanpling station nust often be assumed to be representative of a
| arge geographical area. Furthernore, often inadequate equipnent takes

i nfrequent readings of relatively few air pollutants. 7/ If we are to
provide better answers as to how nuch specific air pollutants should be
abated, better air quality data are required.

Wil e one category of future needs involves obtaining better neasure-
ments of the quality of air at a number of sites, another involves neasuring
the quality of the air actually breathed by individuals. Thus, a personal,
portabl e device that would enable one to neasure the dose of each air pol-
lutant the individual actually experienced would be invaluable in examnning
the air pollution-health association.

Thus far we have confined the discussion to the air pollution exposure
data. However, the particular neasure of health status is itself an inportant
concern. As noted in Section Ill, morbidity data such as those used in this
study should be nore sensitive indicators of air pollution effects than
nortality data. However, conprehensive norbidity data are sel dom avail able.
A possi bl e approach to this problem might involve constructing a panel, the
menbers of which are nonitored closely for changes in their health status
Variations in the norbidity rate over tine for each individual (as a function
of changes in air pollution exposure) would provide an al nost ideal neasure
of the air pollution-health association. 8/ Wile such data are likely to
be expensive to gather, they seemto be a prerequisite for sorting out the
health effects of various air pollutants.

Needl ess to say, a great deal of work remmins to be done in establishing
the relationship between air pollution and human health. For epideni ol ogi cal
investigations of the sort reported in this study, one key to further know
ledge is better data

1/ Many references have been made throughout this study to the inadequacy
of many of the air pollution data series. In addition, for a given air
Pol lutant, there was sone evidence that conflicting results my have
been related to differences in the specific type of nonitoring equipment
in place

8/ See Speizer [36].
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Appendi x A

DAl LY DEPARTMENT UTI LI ZATI ON VARI ABLES USED IN THE ANALYSI S

(Pennsyl vani a Avenue)

St andar d

Depart ment M ni mum Maxi mum Mean Devi at i on
Internal Medicine

Unschedul ed 0% (0)b 342 (46)P 132 (g)b 8.52 (7.7)b

Metro (0) 25 (26) 8 (8 5.2 (5.8)
Opht hal nol ogy

Unschedul ed 0 (0) 20 (37) 6 (5) 4.6 (6.0)

Metro 0 (0 10 (9) 2 (2) 1.7 (1.9)
Pedi atrics

Unschedul ed 0 (0) 79 (151) 36 (44) 19.4 (20.2)

Metro N A N A N A N A
Urgent Visit dinic

Urgent Visit 13 (2) 260 (324) 123 (146) 42.1 (44.4)

Metro 0 (0) 24 (42) 9 (13) 4.4 (5.5)

A gures for 1973.

bFi gures for 1974.
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Appendi x B

DAI LY DEPARTMENT UTI LI ZATI ON VARI ABLES USED IN THE ANALYSI S
(Takoma Park)

St andard

Depar t nent M ni mum Maxi mum Mean Devi ati on
In ernal Medicine

Unschedul ed @ (0P g8 (7)b 12 (1P .352 (5.2)P
Pediatrics

Unschedul ed 0 (0 64 (89) 25 (24) 14.6 (17.7)
Urgent Visit Cinic

Urgent Visit 0 (0 95 (144) 42 (38) 22.5 (24.3)

ari gures for 1973.

bFi gures for 1974.
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Appendi x C

DAILY AIR POLLUTION VARI ABLES USED IN THE ANALYSI S

St andard
Air Pollution Measure M ni mum Maxi num Mean Devi ation
Phot ochemi cal Oxi dants
CAWP (Max. I-hr. av.) |.0013(.001)° | .1808(.140)P | .0483(.038)P | .0322(.026)"
Cv. Park
(Max. 1-hr. av.) (.001) (. 220) (.044) (.033)
Non- et hane Hydrocar bons
CAWP (3-hr. av.) . 000 4.10 . 564 . 542
Ni trogen Dioxide
CAMP (24-hr. av.) . 005 .101 . 045 .015
Carbon Monoxi de
CAWP (Max. 1-hr. av.) 1. 00 43.0 6. 94 5.07
D.C. Hosp.
(Max. |-hr. av.) 1.00 (1.0) 30.0 (28.0) 6.86 (6.76) 4.64 (4.34)
Sul fur Dioxide
CAVWP (24-hr. av.) (.002) (.082) (.017) (.014)
ACS (24-hr. av.) . 002 . 134 . 035 . 022
D.C. Hosp. (24-hr.av.) .002 (.002) .070 (.062) .020 (.014) .012 (. 009)
CAWP (Max. 1-hr. av.) (.002) (.076) (.037) (.031)
ACS (Max. |-hr. av.) . 008 . 222 . 059 . 038
D.C. "Hosp.
(Max. |-hr. av.) . 006 . 320 . 041 . 032

*All figures in parts per million (ppm

AFi gures for 1973.

IOFi gures for 1974.




Appendi x D

DAI LY WEATHER VARI ABLES USED IN THE ANALYSI S

Standard
Cimtic Measure M ni mum Maxi mum Mean Devi ati on
Average Tenperature (°F.) | 192 (26)P 862 (85)° | 59.4%(58.8)° |16.70%(15. 1)
Tenperature
Difference (°F.) 3 (3) 38 (38) 18.1 (18.8) 6.58 (6.41)
(Max. - Mn.)
Average Wnd
Speed (mp.h.) 1.6 (2.7) 22.9 (20.4) | 8.4 (8.6) 3.08 (3.09)
Total Precipation (in.) 0 (0 2.88 (1.90) | .096 (.099) | .256 (.272)

Ari gures for 1973.

bFi gures for 1974
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Appendi x E

CORRELATI ON MATRI X CF 1973 EXPLANATCRY VAR ABLES AND OF 1973-1974 EXPLANATCRY VARI ABLES
&« —— -

ACS
SO2
24-Hr
D. C. Hosp- SOZ- 24- Hr .48
ACS- 802- Max 1- Hr .89
D C Hosp- SOZ- Max 1- Hr 43
CAWP- CO- Max  1-Hr .25
D.C. Hosp-CO Max 1-Hr .10
CAVP- NOZ- 24- Hr -.13
CAVP- NmH- 3- Hr .08
CAWP- Ox- Max  1-Hr -.28
Ave Tenp -.57
Tenp Diff -.06
Ave W nd -.003
Precip -.02
SAT -.06
SUN -.03
CAWP- 802- 24-Hr .25
D.C. Hosp- SOZ- 24-H 12
CAVP- SOZ- Max 1-Hr .18
D.C. Hosp-CO Max 1-Hr -.05
CAWP- Ox- Max  1- Hr -. 49
av Pk-Ox-Max 1-Hr -.36
Ave Te -.55
Tenp Di f -.10
Ave Wnd .10
Precip . 007

D.C
Hosp.

802

24- Hr
Ave

ACS

.48

231
.15

.10

.04
-.06
-.05

-.06

D.C.
Hosp

802

Max
1-Hr

.09
.06
.07
.02

.36

CAWP D. C
Hosp
co co
Max Max
1-H  1-Hr
.51
.36 22
56 .53
28 .08
10 -.09
24 25
29 -.25
-.02 -.03
13 -.08
-.18 -.06
.03 09
12 .10
-.02 09
003 .04
18 -.15
-.14  -.13
16 -.13
-.06 07
-.01 02
-.04 -.12

- 1973

CAMP

NS,
24- Hr
Ave

caw CAW Ave Ave Precip
Tenp DOiff Wnd

NH Ox
3-H Max
Ave 1-Hr

.45

.09 .66

.24 .22 12
-.34 -.30 -.27 -.15

04 -.05 01 -.24 .04
-.05 -.01 -.01 -.03 .01 -.06
-.12 .02 -.02 -.003 -.08 -.02
-.15 39 -.34 -, 07 1 .08
-.01 -.22 -.34  -.07 A2 .02
-.12 -.35 28 -.09 .08 12
.06 -.05 -.02 .01 -.03 .02
.03 .48 .67 .06 -.12  -.09
.02 .53 .65 .03 -.16 .07
.01 .59 .80 .04 -.19 -, 007
-.01 .03 11 06 -.06 -.04
-.06 -.15 -. 14 .05 .06 . 002
.03 .12 .06 -.03 -.02 .003



L8

1974

D. C. Hosp- SOZ- 24-Hr
CAWP- SOZ- Max 1- Hr

D.C. Hasp-CO Max 1-Hr
CAWP- Ox- Max  1- Hr

Gv Pk-Ox-Max 1-H
Ave Tenp

Tenp Diff

Ave Wnd

Precip

SAT
SUN

CORRELATI ON MATRI X OF 1974 EXPLANATCRY VARI ABLES

Appendi x F

1974
CAWP D.C. CAMP D.C CAWP Cv.
Hosp Hosp
802 802 802 co (04 oX
24-Hr 24-Hr Max Max Max Max
1-Hr 1-Hr I H 1-Hr
14
74 .09
-11 -15 .22
-.25 -.13 -.22 -.001
-.31 -.19 -.21 .04 .67
-.39 -.26 -.30 .05 .71 .71
1 .19 .13 .35 31 .21
-.16 -.12 -.23 -.35 -.16 -2
-.05 -.15 -.07 -.07 -.08 -.08
.02 -.03 .03 -.07 .007  -.04
.06 -.12 .003 -.09 1 .05

.19
.22
.05

.02
.01

2>
Tenp Ave Precip
Diff Wnd
-.14
-.19 17
-.10 -. 05 -.01
.03 .01 .06
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