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EXECUTIVE SUMMARY

Combustion~related energy systeas represent a major source
of airborne particles. An assessment of the current and future
health impacts of energy systems requires an understanding of the
nature, magnitude and uncertainty of potential health effects
from these particlec, This generic Health and Eavironmental
Effects Document (HEED) onm airborne particles presents results
from the second year of an ongoing study of human exposure and
response to ambient particulate matter. As such, it also draws
from informatiom included in our 1982 HEED. The 1983 HEED
emphasizes our efforts over the past year and continues to
develop estimates of the magnitude and range of potential health
effects from exposure to particles.

Using published findings and re-analyses of data available
from epidemiologic, toxicologic and aerometric studies, we have,
in this report, attempted to evaluate effects of particles,.
Where the available data permit, we have related health effect
outcomes (which include morbidity and mortality) to concentra~
tions of particulate matter according to size, composition and
source of aerosol.

Special attention is given to the uncertainty associated
vith estimates of effects. Deficiencies are identified iu the
data bases required to make assessments, and recommendations are
given for future studies and analytical efforts which would serve
to better identify and quantify impacts.

INTRODUCTION

A vwide variety of particles exist in the sambient eaviron~
ment., These particles have been found to vary in size, shape,
concentration and composition, both spatially and temporally.
Through condensation, evaporation and chemical transformations
§ases may become particles and vice versa. Moreover, different
forms and types of particles are known to have varying biological
activity, #o0 that a characterization of airborne particles for
health studies is complicated (Section IIL.1)., 1Im this work, we
have recognised these differences (see Appendices I and I1), and
have expended considerable effort to characteriz: aerosols in
order to examine the iafluences of particle size and composition
on the estimation of nealth effects.

There are many complications involved in applying epidemi~
ologic or laboratory analyses of particle pollution to assens~
sents of human health crisk, Obseivationasl epidemiologic studies
of community alr pollution exposures have not generally been
designed to provide dose~response relationships suitable for rink
assassment (Section II.l and Appendix [1), Therefore, the exist~
ing data base is limited, Most exposure messuremaents for these
Studies vere for the total mane of suspended particles, or for
the reflectance of light off bulk particle samples such as
British Smoke (B8), Thewe qualitios are Lncomplete charactari~
tations of an serosol and, more lmportantly, are probably not
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parameters of greatest interest for an understanding of health
effects., Furthermore, the frequency and duration of pollutant
measurements employed were usually too limited in scope to allow
a separation of the chronic versus acute e{fects of particles.
Additionally, the observational epidemiologic literature repre~-
sents exposure levels that are generally above current and
projected concentrations inm the United States. As a
result, assessments of risk have relied heavily on the limited
data bases that are available for lover concentrations and/or
extrapolated findings from the studies of higher concentrations.
Thus, currently available literature on health effects from com~
munity air pollution cannot alone be expected to fully disen~
tangle the separate actions of individual pollutant sources or
aerosol components from one another. In contrast, laboratory
studies of humans, animals or cellular systems provide control of
factors not possible in observational epidemiology. Insights may
be provided into mechanisms of action and relative potency for
different particle sources and components, However, the control
of experimental parameters brings with it new difficulties in
projecting back to the more complicated free~living human eanvi-
roament, Thus, while historical epidemiologic and laboratory
studies provide valuable sources of information on the health
effects of particle air pollution, each methodology also has
inherent limitations,.

Recogniziog the above~noted data analysis limitations, ve
began to combine the evidence and understanding from individual
toxicologic, epidemiologic and exposure assessment data sets into
4 single coherent and consistent analysis., In most cases, it was
necessary to take aerometric data sets developed for other pur~
poses (e.g., the EPA's fine particle netvork data) and apply them
to compatible epidemiologic and toxicologic data. Major efforts
undertaken this year to derive health potency fuctors for air~
borne particulate matter included:

(1) Improvement of particle exposure est'mates. This was
accomplished using recent fine particle data sets to
develop general relationships with atmospheric visual
range recorde, a9 well as with historic records of
other particle matrics,

(2) Application of improved estimates of particle exposures
to existing crose~sectional mortality and morbidicty
studies., The data examined included the 1960 and 1979
total mortality data for U.85. Standard Metropolitan
Statistical Areas (SMSA) and the 1979 National Health
Interviev Survey (HIS) wmorbidity data for 12 SMSAs,

(1) Evaluation of carcinogenic and non~carcinogenic
potential of sirborne particles using A vitre and Apn
vivg bloassay data, Avallable data were restructured
and & comparative relative potency model applied to
Ames bloassay data for a variety of particle types,
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A major objective of this HEED has been to address uncer~
tainties and gaps in understanding when reporting epidemiologic,
toxicologic and exposure results, thereby providing an integrated
framevork useful for both risk assessment and policy making.
Where possible, quantitative risk estimates are derived., The
source of these estimates and their associated uncertainties are
described in the following sections. Throughout this effort we
have also identified remaining gape in knowledge and data base
limitations., This has led to recommendations for future studies
and analyses that will serve to further define the nature, magni-
tude and uncertainties of particle pollution health risks,

EPIDEMIOLOGIC ASSESSMENT

In this HEED, we have continued our analyses of the health
effects of particulate matter in the general population., This
vork (presented in Section II) includes the review and re~-
analysis of previously reported data bases, a syathesis of pub~
lished findings, and an original analysis of health data using
nev models or recent data., The objectives of this work are to:
(1) identify health outcomes associated with different levels of
pollutants; and, (2) characterize the uncertainties of findings
and the sensitivities of results to choice of data base and
analysis methods.

Qbsexvational Epidemiology: Review of Morbidity Litezature

Existing epidemiologic literature on the morbidity effects
of human exposure to particulate matter has been summarized
herein. The outcomes considered are various measures of respira~
tory health, including symptome and pulmonary function. Uncer~
tainty is introduced ino the relationships betveen the measured
outcomes and particulate pollution because of uncertain exposure
estimates, confounding variables, and the high pollutant concen~
trations typical of this literature. Upper and lower respiratory
symptoms aund reduced pulmonary function has been found in asso~
ciaton with long~term exposure to TSP-equivalent concentrations
in excess of 180 ug/m” (Ware et al., 1981), Short-term (24~hour)
concentrations of particles have been associated vith hospital
admissions., A recent study indicates a relationship between
total and respiratory emergency room admissions with particulate
matter over a wide range of particle concentrations (Samet et
al,, 1981), The role of particles in that study was statis~
tically significant, but it explained only a small proportion of
the variance in emergency room visits, Particulate matter is not
expected to have a greater role in emergency room admissions, but
the size of ite effect leaaves open the possibility that other
factors (not accounted for in the analysis) could be responsible
for the observed relationship, Very fev studies have addressed
ocuts health effects of particle pollution below levels of 1000
ug/m” (measured in 24~hour average TSP equivalent concentra~
tions). Those which have studied effects at lover concentrations
(Martin, 1964, and Lawvther et al., 19358 and 1970) show an
increase in hospital admissions for cardiac and respiratory
Lllness as well as for bronchitis symptoms, Even in these




studies, the average ambient concentrations of TSP were high
relative to current levels in the U.S., However, the data for
short~ and long~term exposures to particulate matter do not sug=-
gest existence of effect thresholds., For this reason, simple
linear coefficients have been derived relating particle concen~
trations to respiratory infections, hospitalization, and symptoms
of chronic bromchitis (see Table 1).

While the above-noted extrapolation problem is a major con-
tribution to uncertainty of morbidity risk estimates, other
sources of uncertainty are also important, These can be cate~
gorized into sampling and non-sampling errors. Sampling errors
refer to the lack of precision or the representativeness of a
sample result. This error occurs when a particular sample
analyzed happens, by chance, to be dissimilar from the general
population in some way. Non-sampling errors, on the other hand,
include: biases in determining personal exposures from ceatral
site monitoring data; a lack of historical chemical~- or size~
selective measurements of particles; confounding factors related
to personal habits such as active and passive smoking, alcohol
consumption, etc,; and, cross~community difference in particle
source composition, fuel mix, type of housing, and population
migration, among others. Such sampling and non~sampling errors
are inherent, not only to the morbidity effects discussed above,
but also to all of the other morbidity and mortality investiga~-
tions which follow.

Morbidicty Apalvses from the National Health Interview Survey

The 1979 National Health Interview Survey of the Na~-
tional Center for Health Statistics provides a data base on
individual level health status for approximately 100,000 people.
The 1979 survey used a two-vweek reference period for the health
questions and collected a variety of economic and demographic
information. On one~third of the sample, the survey also
included a detailed questionnaire on smoking habits for adults.
In this phase of our research, we used the HIS outcomes of total
Restricted-Activity Days (RAD) and Work=-Loss Days (WLD), relating
them to particle exposures ino different SMSAs. Unfortunately,
particle mass measurements in the U.S5. have typically been made
every sixth day in most communities., Since the HIS data base
specifies the health effects vutcomes in terms of incidences over
4 tvo-veek period, it became essential to improve upon the
available exposure metrics.

Using fine particle and visibility data collected in an
initial set of 12 SMSAs, ve vere able to develop site~specific
daily estimates of fine particle exposures, which could then be
averaged over the tvo~week recall periods employed by the survey,.
In Appendix | of our 1982 HEED, we developed the theoretical
basis of this approach for estimating fine particle exposures
using arrosol extinction coefficient (from airport visibility
data), As indicated by numerous researchers [see, for example,
Trijonis and Yuan (1978), U.8. EPA (1979a) and Section I1.2 of
this HEED]| under most circumstances, this method yields reliable
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Table 1

Summary of Principal Results from the Assessment

of Population Health Effects Resulting from Exposures to Airborne Particles*
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estimates of fine particle concentrations. Moreover, becauze it
provides area~wide as opposed to local exposure information,
this technique is preferred cver estimating fine particle mass
from hi-vol measurements of TSP mass (cf. Appendix I.2),

In our preliminary analysis, two multivariate models (ordi~-
nary least squares and logistic regression) have been used to
relate the fine particle exposure estimates to the health out~
comes, while accounting for weather-related, demographic and
available behavioral health variables. The continuing analysis
of these data is reported in Section II.2 of the text, and a
summary of the preliminary results is provided in Table 1.
According to these estimates, persons with chropmic limitations
are expected to experience in a tvc-fcek exposure period 0 to
0.01 RADs and 0 to 0,004 WLDs per ug/m” of average fine particle
miss concentration., However, since further model refinements are
in progress, these numbers must still be considered to be
tentative.

Uncertainties are introduced in this morbidity analysis
through the use of a particle pollution index and through errors
in measurement of the health outcomes. To this date, we have
considered a single measure of pollution based upon a derived
relationship between particle mass concentrations and visibility.
The physical relationship between inverse of visual range and
Fine Particle (FP) mass measurements is consistently linear (see
Section I1I.2), but other pollutants have not been considered that
might be related to fine particle and visibility levels., For
instance, nitrogen dioxide is known to contribute to visibilicty
reduction, while ozone covaries with sulfates (a major FP compo~
nent) at some locations, Also, since we do no know the exact
day of interview, the pollution measures are not perfectly
matched with the periods considered by the retrospective health
interviews, However, unlike past efforts to analyze such data,
ve have been able to obtain estimates of daily fine mass concen~
trations for the entire period, rather than occasional sampling
data (e.g., every sixth day). As is always the case, confounding
variables might iuclude the effects of passive smoking or other
unidentified factors related to personal exposures, With these
caveacs in mind, the major conclusion is that the models employed
indicate an acute air pollution health effect, even when control~
ling for all available factors thought to relate to health out~
comes, The outcome measure most sensitive to the effects of air
pollution is restricted~activity days among people reyr ~ing
chronic conditions including asthma, emphysema, chronic bron~
chitis, heart and menial conditions, among others.

Iime-Series Mortality

In the absence of long~term studies designed specifically to
detect the mortality effects of air pollution exposures, attempts
have been made to utilize available mortality and pollutant index
data to search for a possidle cause-effect relationship., Time~
series analysis provides one means by vhich to test for such a
relationship.

~
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In Section II.3, we have re-analyzed 14 years (1963 - 1976)
of data on mortality and air pollution for New York City. Uti=-
lizing a range of models designed to correct for assumed con~
founding due to low-frequency (seascnal) cycles and the effects
of temperature on mortality, we have obtained a range of coeffi-
cients (see Table 1 and also Table II.7, in Section II.3) esti~-
mating the association between daily mortality and Coefficient of
Haze (COH), a crude surrogate of exposures to ambient particles.
The range of results provides a measure of the magnitude of
uncertainties in risk coefficients due to uncertainties in
modeling assumptions. The risk coefficient reported by Schimmel
(1978) is near to the lower end of our coefficient range. Super-
imposed on our range of risk coefficients are the statistical
uncertainties in each estimate, as quantified by its standard
error. These range from 30 to 60 percent of the mortality risk
estimates,

Combining the modeling and statistical uncertainties yicldg
a range of daily risk that extends from 0 to 0.03 deaths per 10
persons per day per unit COH., However, as we discuss in Saction
I1.3, this range is probably still too narrow because: (1) pop~-
ulation exposure misclassification occurs ‘nm utilizing pollution
data from one fixed ambient monitoring site; (2) the exposure
metric, COH, is imperfectly related to respirable particle mass
concentration; and, (3) the range of models we fit may not have
been diverse eacugh. For example, independent weather
influences on mortality may not have been fully considered. The
first two issues tend to bias the estimated risk coefficients
toward zero, while the third issue might result in positive bias.

Finally, the results quoted here (and summarized in Table 1)
apply directly only for the mix of sources and time pattern of
concentrations observed in New York City between 1963 and 1976,
The general applicability of these results will not be certain
until validation studies in several other cities with different
pollution characteristics and weather patterns are undertaken,

Cross-Sectional Mortality

Cross-sectional analyses of mortality during one time
interval (e.g., during a given year) provide another means by
which to search for a particle pollution mortality relatiomship.
Using recent (1979-1981) data on inhalable and finme particle
mass, we have conducted preliminmary cross-sectional regressions
of total mortality onm both socio-economic and particle pollutant
variables. This analysis was performed to investigate the
influence on cross-sectional analyses of particle measures
such as IP and FP rather than TSP, Table II.ll in Section II.4
compares regression results for the various measures of particle
pollution employed in the anmalysis. The regressions repeat prior
analyses of 1960 SMSA data (see 1982 HEED, Sectionm IV) imcor-
porating recent information on particle size relationships and
1979-1980 Census, mortality, and fine particle pollution
data. Important socio-economic variables (e.g., age, percentage




of non-white population, population denmsity, etc.) are controlled
for in these analyses, with the various particle size mass con~
centrations being sequentially replaced by one another as the
particle pollution index in the regressicas. These regressions
indicate that, as coarse particles are eliminated from the mea-
sure of exposure (in going from TSP to IP to FP), the general
tendency observed is a reduction in standard errors, an increase
in statistical significance, and a stronger relationship between
particle air pollution and mortality. This is consistent with
the hypothesis that the IP fraction (especially FP) includes the
component of particulate matter responsible for health effects.
If the coarse fraction acts as a biologically non-significant,
random component on top of the IP fraction, the coefficient for
TSP is expected to be biased downward (i.e., too low) in a manner
consistent with the results of this work.

If one wishes to apply a coefficient from the available
cross-sectional mortality analyses to predict the health effects
of particle pollution, then we would recommend the use of g fine
particle risk coefficient (e.g., 1.3 % 0.6 deaths/year/10° per-
sons per uz/l3 FP, as shown in Table 1), rather tham a TSP or
sulfate coefficient. The problem associated with using a TSP
coefficient is that a major portion of that mass is not inhalable
by humans, while sulfates represent only a portion of a total mix
of ambient fine particles. In the absence of FP data, the coef-
ficient noted in Table 1 for sulfates may be applied with cau-
tion., However, if a sulfate coefficient were to be applied in
cases in which sulfates are present in substantially less or
greater than usual proportions (e.g., relative to organic par-
ticles or trace metals), then the results would be misleading.
It can be expected that the use of the entire fine particle mass
should be less sensitive to errors introduced by compositional
variation from case to case. Also, it should be kept in mind
that the FP coefficient is most representative for an "average"
urban aerosol composition and will, to some extent, be subject
to the biases noted for sulfates when applied to aerosols having
a makeup very different from the mean composition. It may be
that this problem can be addressed through the development of
coefficients for each of the numerous aerosol components (e.g.,
auto particles, soil particles, oil combustion particles, etc.).
However, until aerosol compoment-specific coefficients are
developed, the use of fine particle coefficient (rather than a
TSP or sulfate coefficient) appears to provide the more accept=-
able alternative for risk analysis at this time.

Although the use of a fine particle mortality coefficient
should provide an improvement over previously wused cross-
sectiozal indices of particle air pollution, we must emphasize
the large uncertainties surrounding any such damage coefficient.
Indeed, despite the fact that the coefficient is statistically
greater than zero, uncertainties not considered by such analyses
(e.g., errors in the measurement of the exposure variable) make
it possible that the mortality risk might in fact be zero. Such
coefficients have in the past been applied without adequate
attention to their actual applicability to the situation and the

I



uncertainties involved. We refer readers to the limitations
regarding the application of mortality risk coefficents noted in
Section II.4 of this report, as well as in Sectionm IV and the
Executive Summary of the 1982 HEED.

TOXICOLOGIC ANALYSIS

The 1983 HEED tox‘city analyses have concentrated on the
evaluation and ranking of carcinogemic potentials and non-
neoplastic health risks of particles. These assessments have
been based upon a number of jm yitro and in vivo bioassays. Such
information may be useful in the ranking of risks which are not
separable using epidemiologic tools to confirm epidemiologic
observations, to extend analyses into areas where epidemiologic
stu'ies have not been undertaken and to provide insight into
biological mechanisms of damage. The uncertainties discussed
underscored the current lack of fundamen:.al knowledge regarding
the biological processes involved, and point toward the need for
further research to clarify disease mechanisms.

Carcinogenic Effects of Particles

The main objective in this area was to obtain estimates ani
ranks of the carcinogenic risks posed by various sources of
airborne particles, including those derived from coal, oil, wood,
diesel, and leaded and unleaded gasoline combustion. Acompara-
tive potency statistical model, based upon a number of short-term
biocassays and human epidemiologic data, was developed (see Section
ITI. ). Application of the model to data generated using the
Ames Salmonella typhimurium bioassay provided estimates of
increased relative risk of cancer and s23sociated degrees of
uncertainty. Ames bioassay data were used primarily because it
was the only assay for which sufficient information was available
in the published literature to allow for comparative analyses
between the particle types of interest to our group.

In this analysis, estimates of human cancer risk from
extractable °¥§lni6l vere presented as increments in relative
risk per ug/m”~-years. As shown in Table 1, estimates were
generated for emissions from light-duty diesel vehicles, catalyst
spark engines, nomn~-catalyst spark engines, voodstoves, residen-
tial heaters, fluidized bed coal combustion, conventional coal
and oil combustion. Shcte estimates produced increments in
relative risk per ug/m ox:ractgblc organics - years ranging
from approximately 107 o 10°%. Due te various soutrces of
uncertainty (predominately involving inter-test potency relation~
ships), the 95 percent confidence intervals ranged over approxi-
mately five orders of magnitude., Further, this range cannot be
viewed as conservative, since certain nom-quantifiable or inade-
quately quantified elements are not fully captured by the model.
For exauple, these include uncertainties im the epidemiologic
data to which the biocassays are linked in the statistical model,
potential variations in potency due to differemt extraction pro-
tocols, and potential non-linearities in dose-response functions.
However, given the magnitude of the range determined in this



analysis, we do not feel that the exclusion of these .further
uncertainties are likely to be of significance. Because of the
limitations inherent in these estimates, we conclude that it is
premature to use data generated from shert~term bicassays of
complex combustion products for anything more than for general
comparisons,

The extension of this analysis to comparisons of risks due
to actual exposures experienced by the populstion as a whole is
difficulte. Exposure data have generally been ccllected or
estimated in terms of parriculate mass, while the risk estimates
generated by this analysis are in terms of extractable matter.
An approximate interconversion between these units based upon
extractable fraction (the percentage of particle mass which is
extracted) for each particle type is possible. Such a conversion
allows for general comparisons when source-apportioned ambient
exposure data are available, but this process also introduces
additional uncertainty into the analysis. Given the large uncer-
tainties already evident, we have decided that to proceed with
this ancalysis was not justified at this time.

Several points of significance have emerged from this inves-
tigation (see Sectiom III.1). First, the potency values clearly
contribute the largest degree of uncertainty in any analysis of
specific health effects, far outweighing uncertainty resulting
from exposure estimates. This underscores the need for the
development of test systems which more closely approach the jin
vivo human situation. Such tests must await a better under~
standing of the fundamental mechanisms involved. Second, due to
the significant overlap of the 95 percent confidence intervals,
one cannot currently make any firm distinctions between the
- potencies of these particles. Therefore, from a policy perspec-
tive, it would appear wise to concentrate on controlling those
particle sources which contribute most heavily to soluble
organic expcsures. In situations where the magnitudes of expo-
sures are similar, them central potency estimates, or more com-
servative upper-bound risk estimates, may be used to guide policy
decisions. Estimates of predicted numbers of lives lost do not
appear warranted at this time due to large uncertainties involved
and the obvious ecomomic and social implications.

Bioassays Belevant to Non-Neoplastic Lung Disease

Evaluation of non-neoplastic pulmonary effects has focused
on io vitro and in vivo studies of a wide range of particles,
particularly metals and sulfates. The effects of particles have
been evaluated using information from five categories of bio~-
assays: (') measurements of macrophage function in wvitro using
both animil and huwan cells; (2) pulmonary function mea-
surements; \3) infectivity models; (4) lung lavage fluid changes;
and, (5) mucocilliary transport.

Our preliminary studies in dose-response relationships (dis-
cussed in Sectionm III.2.1) for jim yitro tests of metals have
determined, by linear regression analysis, the estimated concen~-



trations required to produce an experimental outcome level (which
is specific for each biocassay) of half the maximum effect (!Cso).
The five metale investigated had rolatilcly stable to:icity
ragkin:l for difierent bioassays (i.e., Cd** > vo,~ » Ni®* 2
ce®* 2 Mn4"). Further, this order was consistent with ranked
exposure limits for occupational Threshold Limit Values (TLV).
Using an jip vivo biocassay that assesses increased susceptibility
to infection and extrapolating from experimental doses in mice to
equivalent doses in man, it appears that the dose of some metals
from urban exposures in man reach levels that are within a factor
of 10 smaller than those doses which enhance susceptibility to bac-
terial infection in animals

However, no reliable scientific data exist which directly
demonstrate effects ir humans due to chronic exposures to these
metals at ambient levels. An extensive data base does exist
which demonstrates serious biological effects in a variety of
animal bioassays following short-term exposure to metal concen-
trations above those found in ambient air. The importanca of the
effects and the similarities of the biological systems between
animals and humans suggest that chronic exposure of humans to
these metals may result in significant, but as yet unquantified,
health effects.

We have focused our toxicologic review of sulfates on
muceccilliary clearance and respiratnry mechanics. As discussed in
Section III+2.2, these effects appear to be related to the
strength of the acid and, therefore, most attention is given
to the efifects of sulfuric acid. Following repeated exposure to
sulfuric acid, several animal systems have developed persistent
alterations in mucocilliary clearance rates. Histological exami-
nation of airways shows changes which account for the reduced
clearance seen in airways of animals exposed to chemical
irritants.

Since the sequence of events and tissue histology following
sulfuric acid exposure resembles those seen in humans who smoke
cigarettes, an important question is whether sulfuric acid and
diminished mucociliary transport contribute to the development of
bronchitis. At this time, however, the progression of clearance
dysfunction in the pathogenesis of chronic broanchitis is not
known.

The potential impacts of nitrates on humans and animal
health has received relatively little attentiocn., However, infor-
mation on effects can be inferred from exposure studies for
nitrogen dioxide, since the gas dissolves in the respiratory
epithelium and forms nitrates. For example, animal inhalation
studies with NO, exposure show production of functional decre~
ments and anatomical changes in peripheral airways and air-
spaces which are <consistent with impairment of respiratory
defense systems (see Section III.2.3). Thus, while the effects
of nitrate aerosols on respiratory disease have not been estab~-
lished, there is a body of toxicologic data which raises suffi-
cient concern to justify further investigation.
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CONCLUSIONS AND RESEARCH RECOMMENDATIONS

In the Executive Summary of the 1982 HEED on airborne par~
ticles, we pointed out the need for the development and use of
more biologically plausible exposure indices (rather than the
typically available TSP or SO," measures) in assessments of epi-

demiologic data regarding health effects and air pollution. Our

second year's eflorts were direc:ed towvard improving our under-
standing of the extent of health risks resulting from the
components of inhaled airborne particles. We were partially
successful in completing this task. Therefore, the research
summarized in this report provides estimates of mortality and
morbidity effects of exposures to ambient particles in terms of
various particle mass measures (see Table 1).

There were several interesting findings from our epidemio~-
logic investigations of the morbidity effects of exposures to
airborne particles. A survey of the existing literature on the
morbidity effects of human exposures to particulate matter indi-
cated that very few studies have addressed ac%te health effects
of particle pollution below levels of 1000 ug/m” (measured in 24~
bour average TSP equivalents). However, the available data for
short- and long-term exposures to particulate matter did not
suggest the existence of effect thresholds. For this reason,
simple linear coefficients were derived which related particle
concentrations to morbidity effects. Also, an original epidemio-
logic study using the National Health Interview Survey morbidity
data and an index of fine particle pollution (based upon airport
visibility data) indicated a correlation between fine particle
air pollution and human wmorbidity. This relatiouship persisted
even vhen the analysis was controlled for inter-city and seasonal
effects, but was evidenced only among persons repor-ing periodic
limitations due to chromic conditions.

Time-series analysis or historical Coefficient of Haze (COH)
and mortality data collected in New York City (NYC) indicated
that COH was related to temporal variatioms inm mortality.
However, until validation studies in several other cities with
different pollution characteristics and weather patterns are
undertaken, the results derived from this analysis apply directly
only for the mix of sources and time patterns of concentrations
observed in NYC between 1963 and 1976.

Cross-sectional analyses of total mortality inm Standard
Metropolitan Statistical Areas (SMSA) across the U.S. indicated
that the use of fine particle health risk coefficients provides
an improvement over previously employed particle mass measures
(especially TSP). Aside from the biological plausibility of such
a finding, statistical analyses showed FP measures to be more
consistently associated with mortality and morbidity health
effect outcomes than either TSP or sulfate. Unfortunately, as
noted elsevhere in this report, the uncertainties surrounding
even these new estimates remain so large that we are still com-
pelled to emphasize the need to consider the possibility of a
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zero~risk coefficient (or nc effects due Lo exposures to airborme
particles at the levels studied). It was also found that, using
mean exposures and expressing mortality risks in terms of egimilar
units, the NYC time-series analysis indicated less than half the
mortality risks prdicted by our cross-sectional analysis. While
preliminary in nature, this finding is consistent with the expec-
tation that the cross-sectional studies may capture more of the
chronic health effects of air pollutionm tham would time-series
studies (e.g., Evans et al., 1983).

An important source of uncertainty in the znalyses discussed
above is contributed by the use of central-site pollution data,
as opposed to more accuratce estimates of personal exposures
(including separate indoor, outdoor and in-transit components).
Another key contributor to the uncertainties identified (see
Sections II.l and II.4, and Appencices I and II) is in the spa-
tial and temporal variability of the aerosol composition and its
toxic components., Since size-specific mass measures do not
account for these differences, it is not yet possible to better
resolve the size of errors associated sith the current estimates
based upon particle mass. However, as these uncertainties in
exposure estimates are reduced, it is expected that the resultant
biasing effect (thought to be downward) on the FP coefficients
will diminish and that the confidence interval of the estimates
can be reduced. This will then allow further improvements in the
statistical reliability of health effect assessments derived from
observational epidemiology.

During our bioassay investigations, we attempted to address
some of the potential source composition problems mentioned
above. We studied the non-neoplastic toxicities of various
metals and found their rankings to be consistent with the TLV
rankings. Using a relative potency model, we also estimated the
range of carcinogenic risks posed by different types of airborne
particles such as those emitted from coal, oil, wood, diesel and
gasoline combustion. The main conclusion arrived at after devel-
oping estimates of incremental relative risk of lunmg cancer
(based upon Ames data) was that, due to large uncertainties, it
is not possible to reliably discriminate between the potencies of
different types of particles. For this reason, the population
risks associated with exposures to various types of ambient
particles must, at this time, be ranked on the basis of quanti-~
ties of extractable (soluble) organics emitted rather than indi-
vidual estimates of potencies.

After evaluating the evidence derived from epidemiologic and
toxicologic components of our research, we concluded that epi-
demiologic risk coefficients (although quite crude and only
appropriate for the development of bounding estimates) are per-
haps the only useful tools readily available to air pollution
risk analysts today. Nevertheless, we strongly believe that a
proper application of these coefficients (preferably those based
upon fine particle exposures) demands extreme caution and a
specification of qualifications and uncertainties.
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There are several avenues of research which may yield more
useful assessments of the populatiocn health risks resulting from
exposures to airborme particles.

For future health studies, we need combinations of both
improved exposure and health measures. For example, the use of
health surveys or census data would be greatly enhanced by the
addition of measures that would at least partially account for
cigarette smoke and indoor exposures, We clearly need more
prospective health studies to enable characterization of chronic
and acute health effects. Also needed are better estimates of
personal exposures to particles, including informatiom omn indoor/
outdoor exposures by source and chemical composition. However,
since new data sets will take a decade or two to develop,
existing retrospective populationm health data sets should
continue to be re-analyzed with more representative exposure
estimates. Especially for the study of morbidity, existing data
bases should receive additional attention. For this purpose,
historic data sets might be re-analyzed using novel exposure
estimates (as attempted in Section II.2 of this BHEED using air~-
port visibility to estimate ambient fine partic.e concentra~-
tions). In addition, existing health surveys such as HIS and
NHANES (Nationmal Health and Nutrition Examination Surveys) should
be expanded to better accommodate analysis for air pollution
effects., Further, various exposure-averaging times should be
examined in order to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>