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Executive Summarvy

In the following report, we assess the human health effects
resulting from exposure to airborne particles. The purpose of this Health
and Environmental Effects Document (HEED) is to provide results to-date of
continuing anlayses of the nature, magnitude and uncertainty of potential
health impacts of airborme particles.

In this first generic HEED on airborme particles, assessments are
derived from the review and analysis of data from epidemiological and
toxicological studies. Particles evaluated include: total suspended particles,
sulfates, nitrates, B(a)P, diesel particles, certain trace metals, and
natural dusts. Health and environmental effects due to viable particles and
asbestos are not addressed in this report. The health outcomes considered
are mcrtality, morbidity, and experimental measures of toxicity and carcino-
genicity relevant to human disease.

The key findings from our assessments are summarized below. We should
state here, however, that in the majoricty of cases there are large uncer-
tainties and qualitative statements associated with our estimates,
reflecting the often tentative nature of the current state of knowledge.

Our HEED concludes with the idemtificationm of: limitations, gaps
in knowledge, and research needs in the area of health risks from population
exposure to ambient particles.

Assessment of Exposures

The variable composition of particles by size and source were char-
acterized by the following observations:

- The smaller size particles have been linked to combustion
sources, either as direct emissions or as secondary aerosols
formed from gas-to-particle reactioms or condensation of vapors.

- The main anthropogenic sources of fine particles were associated
with stationary fuel combustion, tramsportation sources (auto=~
mobiles, mostly), and industrial processes.

- Sulfates, nitrates, and ammonium ions, organic compounds and
most volatile metals have been shown to be in the fine particle
(FP, <2.5 uym) or respirable particle (RSP, <10 um) size range.
These fractions have also been shown to contain the acidic
particles in addition to other toxic components of airborme
particles.

- Elements and compounds from the earth's crust (Cu, Si, Fe) were
{dentified with larger sized particles (5 to 50 ym). These
particles are predominantly generated by grinding, abrasion,
and erosion and their air quality impacts are mostly localized.

The principal health implications of the variable particle size and
composition can be described by the following observations:



Qur assessment of recent data on aerosol acidity indicated
that suifate aerosols usually contain significant amounts of
sulfuric acid which is known to cause human health effects
(see also diszussion below on sulfates). The average sulfuric
acid fraction of total sulfate is typically 20 to 45% of the
total with a standard error of the same magnitude as the
estimates. Fuvthermore, data suggest that:

(a) Most of the acidity is associated with high ambient
sulfate concentrations during which ambient sulfuric
acid concentrations :aa exceed 25 ug/n3. which is about
3 times the typical ambient sulfate levels.

Exposure hazard is thus related to frequency of acid
sulfate episodes.

Statistical analyses, conventionally performed using
annual average sulfate concentrations as the measure
of exposure, will not resolve questions on acute or
chronic exposure/response relationships.

Particles with sizes ranging from 0.1 to 1 um in diameter were
noted to have the longest residence times in the atmosphere,

thereby posing the greatest poteantial for causing public health
impacts over large areas.

Since the majority of the larger or coarse particles (>10 um) were
shown to be predominantly deposited in the nasopharynx, unlike the
particles of respirable size which penetrate to the ciliated regions of

the bronchi and the alveolar air spaces, it was concluded that
for toxicity and risk assessment, respirable or inhalable par-
ticles (IP) should be preferred over TISP.

For the study of population health risks in the U.S., airborne par-

ticle concentrations were quantified by region and city size. These
analyses pointed out that:

~ 1In general, IP is about 65 + 102 and FP is about 30% + 10% of
the measured TSP (+ representing one standard deviatiom).

As summarized in Table II-3, p. 18, typical mean concentrations
of TSP, sulfates (S07), benzo(a)pyrene (B(a)P), Irom (Fe), and
Manganese (Mn), based on SAROAD data for 1970, 1974, and 1976,

are rOughlgz S0Z, 9-13 ug/m3; TSP, 60-90 ug/m?; B(a)P, 1-2 ng/m3;
Fe, 1 ug/m”; and Mn, 0.02-0.07 ug/nJ. The actual concentrations
of the pollutants at a giveu time, however, can be within + a
factor of ~5 from these quoted values.

The median exposure levels for the U.S. population were determined
to be: 10.6 ug/m? for SOF, 65 ug/m® for TSP, 1.4 ng/m3 for B(a)P,
1 ug/m3 for Fe, and 0.04 yg/m3 for Mn (based on SAROAD data for
1970, 1974, and 1976 and 1970 census data). Cumulative population
exposures are displayed in Figure II-1, p.l7.

Scoping studies examining the indoor-outdoor particle relationships
have led to the following observations:

- 1Indoor particulate levels are significantly higher for homes
with one or more smokers than where there are no smo'iers. 3
Furthermore, the impact of each smoker is to add around 20 ug/m




of RSP to the average exposure. In most cities in the U.S.

this exposure level is comparable to or greater than the outdoor

RSP concentrations. Typical indoor RSP concentration averages across
six U.S. cities were: 24 + 1lug m3 with no smokers, 374-15,g’m3wi:n
one smoker, and 70+ 43 ug/ m3 with two or more smokers, with corresponding
outdoor concentrations being around 21 + 12 ug/m~ (Spengler et al., 1981)

Using tracer chemicals and elements for outdoor particulate
matter, indications are that, typically, 702 of the outdoor RSP
penetrates indoors. In well-sealed homes and duriag winter
conditions, effective penetration drops to 30 to 50X.

Toxicological Analyses

Since epidemiological studies have not identified specific components of
particulates responsible for various deleterious health effects, the health
effects literature on animal and human studies has been reviewed to provide
specific and relative toxicity informatiom for different types of particles.

A. Metals. Many trace metals are associated with airborme particles
derived from a variety of scurces. Metals can produce a variety of toxic
effects, including cancer. The effects of inhaled metals are not limited to
the lung but may also occur in a variety of target organs.

As a preliminary screen for toxic effects of metals associated with
particles, we have compared their U.S. ambient concentrations to
threshold limit values (TLVs) set for occupational exposures. Our
conclusions were:

- For most metals, rthe typical ambient concentrations are ac
least 3 orders of magnitude lower than the reported TLVs.

Lead concentrations in some cities are only about 2 orders of
magnitude lower than the TLV and thus close to the Natiomnal
Ambient Adir Quality Standard, which is 1/100 the TLV.

We conclude that the levels more than 3 orders of magnitude
lower than the TLVs are generally not hazardous except perhaps
in certain regions near emission sources where short-term
peaks may be much higher.

For carcinogenic metals there is not thought to be a threshold
and thus no safe level since total exposure to carcinogens
determines the risk. We suggest careful evaiuation of metal
carcinogens, even when present at concentritions 3 orders of
magnitude below the TLV.

. In an assessment of the toxicity of saveral metals in the in vitro
macrophage viability assay, we have utilized concentration data from
human lungs to estimate the in vivo dose to macrophages. The toxic
effects, ranked by ~he fraction of Che ECsy dose (the concentration
at which there is a 502 change in viability) received per macrophage,
wvera found to be in this order: Cd>Ni>Cr>Mn. If we assumed
{nstead that the dose of each metal to a macrophage is the same
fraction of ambient levels, then the order of toxic effects would be
Mn>Cd>Ni>Cr. This analysis shows the importance of utilized dose
rather than ambient levels of pollutants.
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B. Sulfates. Although a number of studies have been done on sulfates, it
is difficult to draw definitive conclusions from the myriad of experiments
using different species, different dosage schedules, and different endpoints,
having varying degrees of relevance to human health effects. The nature and
extent of effects observed can be summarized as follows:

. Morphological changes have been observed after short exposures to
concentrations of sulfuric acid about 3-4 orders of magnitude higher
than arbient sulfate concentrations. Ia humans, Leikauf (1981)
reported decreased clearance after a l-hour exposure to 1000 ug/m’
sulfuric acid. Morphological effects have generally not been
observed after long-term exposures to concentrarions ranging from
the highest urban average to about 100 times that value.

. Exceptions to these are the studies by Alarie et al. (1973) which
showed morphological effects in cynomologns monkeys exposed for 78
weeks to 380 ug/a’ sulfuric acid (4 concentrationm about 5 times
the highest urban average for sulface that we report) and the recent
work by Schlesinger et al. (1982). Schlesigner et al. (1982) demon-
strated that daily 1 hour exposures of rabbits to 250 ug/m’ of sulfuric
acid (more than 5-10 times the ambient levels of aerosol acidity) over
a four week period produced proliferation of airway secretions in the
middle to small airways and epithelium thickening in these same
airways. There is also evidence in donkey for reduced clearance
after exposure to 100 ug/n3 of sulfuric acid for 1 hour per day for
a few weeks.

C. Natural Dusts. Because of their coarseness and generally low toxicity,
natural dusts are not likely to produce significant health effects at the
ambient concentrations at which they generally occur. -

D. Nitrates. Although nitrates comprise a significant portiom of airbornme
particulates by mass concentration, their health effects have not been well-studied.
There are no definite indications of strong health effects of nitrates at ambient
concentrations, but there are not enough data to conclude they have no toxic
effects. Due to scarcity of data, we suggest in the interim the use of
toxicity data on other acid aercsols, such as sulfuric acid, in the assessment

of the range of potential health effects resulting from exposures to ambient
nitrates or nitric acid.

E. Diesel Emission Particles. Experiments in which animals have been
exposed to high concentrations of diesel exhaust (1-3 orders of magnitude
higher than levels projected for the year 2000) have shcwn some effects on
lung morphology and physiology. The oc'urrence of such effects in humans
at much lower levels of exposure seems unlikely.

Organic carcinogens are adsorbed to diesel particles, and Cuddihy et al.
(1981) have utilized biocassay and epidemiclogical data to estimate risk
factors of 0.007 to 9.3 lung cancers per 100,000 pecple per u./-3 lifetime
exposure to diesel particulates.

F. a)P. Because the concentration of B(a)P has been measured in air
samples for a reasonable period of time, it has been used as a crude indicator
of the carcinmogenicity of a mixture. Wilson et al. (1980), for example, have




derived an estimate of 0.2-1.0 cancers per 100,000 people per ng/m3 B(a)P
from epidemiological studies. We have concluded from our assessments that

the risk of cancer due to B(a)P exposures is bounded by O and &4 cancers per
100,000 pecple per ng/m3 B(2)P,

As a means to assess B(a)P as a surrogate for the carcinogenicity of a
variety of emissions, we have compared the percentage spread for biocassay
activity relative to organic content and relative to B(a)? (see Table IIl-2,
P-34). In 4 assays, the spread is greater for organics, while in 3 assays
the spread is greater for B(a)P. These results suggest that B(a)P is not
a better indicator of biological activity of a variety of combustion emission-
samples than total organic content is.

Epidemiological Assessments

Mortality Studies

In Section IV and in Tables IV-l (p.39) and IV-~ 40" of
this HEED, we report in detail the findings from the - .yses of the evi-
dence from cross-sectional mortality studies. The key conclusions, estimates,
uncertainties and statements of qualifications are summarized below:

We believe, in genmeral, that for quantifying the magnitude of the
effects of airborne particles, total respirable particles would be
an intuitively plausible surrogate. However, in the absence of
good concentration data on respirable particles or acid aerosols,
we currently have no alternative but to suggest the continued use of
sulfates as a surrogate, with caution.

Although the results from our re-analyses of the cross~-sectional
mortality studies are typically consistent with the sul fate damage
coefficient suggested by Wilson et al. (1980), we have produced
coefficient estimates which vary by a factor of almost five, and
escimates of the standard errors of these coefficients which vary

by a factor of nearly two and a half. As we have emphasized in the
following analysis, the uncertainty surrounding the mortalicy risk
coefficients is large = so large that the true mortality risk might

in fact be somewhere between zero and a large number such as 10 deaths/
yr/105 persons per ug/m° of sulfate.

. For the purposes of obtaining rough bounding estimates we have pro-
vided (see Tables IV.l and IV.2, pp.39 and 40) mortality risk coef~
ficients (8) along with their respective coefficients of variation
(7V) to characterize the extent of typical uncertainties. These
estimates include results from regressions on single pollutants
(i.e., SO, TSP, B(a)P, Mn, or Fe) as well as estimates from joint
regressions consisting of more than ome pollutant (for example, 50:
and TSP combined).

, Except for the estimates of the mean sulfate coefficient (a typical
estimate, for example, is Bgol = 3.72 deaths/yr/103 persons/ ug/m3, with
CVgo? = 51%) most of the risk estimates obtained contain significant
errors represented by large coefficients of variation (essontially
greater than 100%). It is especially difficult to interpret the
species-specific risk estimates derivad from joint regressions, since
there are strong covariances among the concentrations of pollutants



considered and the estimated risk coefricients for these poll “ants.

The damage coefficient estimates derived from cross-sectional mor-
tality studies were not inconsistent with the time-series mortality
coefficients which range from 0.033 to 0.531 deaths/year per 10°
persons per ug/m3 of TSP (the associated coefficient. of variacion
ranged from 20 to 80%).

Typically, time-series mortality studies have shown lags between
exposure and death of n» more than 3 to 5 days.

Since the coefficients from cross-sectional mortality studies are often
used to estimate the risk of mortality assc:iated with exposure to particulate
air pollution, we must emphasize the large uncertain.ies surrounding
these damage coefficients. Furthermore, due to the severe limitations of
these studies and the lack of substantiated biological causality at ambisnt
concentrations in their interprecation, the true mortality risk might ix
fact by zero. We are reluctant, therefore, to suggest any applicatiru of
the damage coefficients derived from such studies without specifying a large
number of precautions and caveats. For example, our review of DCZ technology
HEEDs indicated that damage coefficients darived from cross-sectional studies
ha e been used, often without adequate attention to the specifics of the
application and the uncertainties involved, in predicting mortality risks.
While the estimated damage coefficients may be used with some confidence
to predict the impact of small changes in particulate concentrations
in areas with exposure near those typical of the SMSAs involved in these

studies, we emphasize that proper application of theue coefficients will
require:

Specifying the types of pollutants o be analyzed so that a
proper set of damage coefficients and standard errors can be selected.

Checking whether the relative proportion of predicted ambien. concen-
trations of these pollutants and various other organic compounds are
similar to those measured in most stztistical studies characterizing
the health effects of air pollution.

Making sure that the projected emissions are not released into an
environment which has low background concentrations of the key
pollutants analyzed.

Even when all these conditicns arc met and proper confidence intervals specified,
the risk analyst should still mention all the caveats that question the caus-
ality and the utility ~f these esitmates. Bagically, the risk coefficients

from cross-soctional mortality studies are crude, appropriate only

for development of rough bounding estinates. Nonetheless, they are the only
tools readily available to the air pollvriom ris’: analyst today.

For assessing benefits and risks associated with mitigative measures to
reduce pollutant emissions (mostly SO;) anc economic incentives for pollution
reduction, we suggest again the continued use of sulfates as a surrogat:,
although we advise caution. Most importantly we discourage the use of
sulfate as a surrogate in cases where the sulfur emissions are reduced in
greater proportions than the particulates or the trace metals. In circum-
stances such as these, we believe that the use of respirable particles as




surrogates may be more advisable. Additiomally, in assessing risks from trace
metal exposures, it is expected that occupationally derived TLVs or MEG-MATE
values would be adequare. Finally, we suggest a continuation of the policy
of assessing the carcinogenic effects of polycyclic aromatic hydrocarbons
separately on the basis of occupational apidemiology and animal studies,
rather than on the basis of the very imprecise crefficient estimates derived
from cross-sectional mortality studies.

Morbidity Studies _ i
|

Review of mort ii<y literature performed along with other epidemiological |
evaluations indicated that:

Studies of the morbidity effects of ct.ronic exposure to partirulate matter
have shown upper and lower respiratory symptoms and reduced pulmonary func-
tion to be associated with annual average particle (TSP equivalent) concen=-
tration in excess of approximately 180 ul/u3 (Vare et al., 1981)

The observational studies on short-term particle exposure are more
sparse and most of these studies address TSP levels in excess of
1000 ..g/n3 (24=hour average). These few studies suggest increased
hospitil admissions for cardiac or respiratory illness (TSP at 600
ug/m3 .1 association with SO, at 400 u:/-3) and worsening of health
status IID:! bronchitics (TSP at 350 u;/l3 in combination with SO3
at 500 ug/m”) (Ware et al., 1981). As is the case in chronic expo-
sures, these studies do not suggest an effect threshold.

No evidence exists in these data to suggest aan effect threshold.

In a preliminary attempt to derive simple linear coefficients for

morbidity, a selected set of stucies reporting air pellution concen~ ‘
tration and morbidity outcomes were analyzed. Based on assumptions

and qualifications that were discussed on p. 46, morbidity coef~-

ficients were derived and presented in Table IV.3, p. 47. It should

be mentioned here, however, that all of the caveats for use of
mortality coefficients must be imposed on the morbidity estimates.
Furthermore, our efforts on this question are preliminary and these
values should be considered as tentative.

In general, interpretation cf the morbidity studies must aiso be qualified
similarly to the mortality studies and, in facr, to all nonexperimental epi-
demiological studies. As we mentioned above for mortality studies, the individ-
ual epidemicTlogtcal studies for mocrbidity can also demonstrate an association between
particulate matter and 111 health but they camnot prove the causality of
that association.

Research Needs

During our analysis of the health effects resulting form exposure to
ambient particles, e have identified several areas for future research that
will help reduce some of the uncertainties reported in this HEED. The
following is a list of the research areas discussed in Section V, p.49 of

the report.

-
/




Recommended Research Areas Pertaining to Particle
Toxicity and Exposure Analysis

Evaluation of the relative toxicity of particles by jointly utilizing:
the in vitro and animal bicassays; toxlcity of samples of ambient
particles from as many cities and rural areas as possible; and detailed
occupational data. The approach recommended above is similar to one.
being utilized by EPA in their evaluation of the carcinogenicity of
diesel emission particles. What is now needed is an expanded analysis
including a much greater variety of types of emissions and evaluation
of toxicity for chronic lung diseases as well as cancer.

Defining the origin and composition of particles for the purpose of
characterizing historic exposures to fine, respirable, and total
suspended particles. This information is needed to reduce uncer-
tainties associated with the estimation of population exposures to
various toxicants.

Collection of more data on nitrates and acid aerosocls, in particular,
on the sulfuric acid fraction of sulfates, in order to understand

the extent of exposures and observed effects due to nitrates, and
sulfates in ambient air.

Collection and analysis of more data to determine the extent and
nature of personal exposures to respirable particles.

Recommended Rescarch Directions to Improve
Risk Assessments Based on Epidemiological Evaluarions

Better quantification, through experimental and epidemiological
studies, of the possible role of particle exposures in: altering
short and long-term measures of lumg function; and affecting pre-
disposition to diseases in later years.

Health effects modeling activities, especially in the areas of lung
deposition, lung function decline, and relating morbidity wich
mortality risk.

New cross-sectional investigations with nuw data and exposure
variables that are more pertinent to effects investigated.

Expanding time-series studies to include more biologically plausible
air pollution indices.

Additional observational morbidity studies designed to provide
quantitative risk (or dose-response) estimatas.




3. Introduction

This report is an assessment of the effects of airborme particles om
human health. It represents approximately one year of study and is the
first generic Health and Environmental Effects Documenc (HEED) om airborne
particles. More specifically, this HEED provides results to-date of con-
tinuing analyses of the nature, magnizude and uncertainty of potential
health impacts of airborne particles common to a number of emerging energy
technologies.

The scope of this HEED is to consider those particles that are most
commonly associated with general types of fossil fuel energy technologies.
Particles included in the toxicity assessment include: sulfates, nitrates,
particles containing high levels of organic compounds (diesel particles and
other combustion products), and certain trace metals and natural dusts. The
discussions presented in this HEED also irclude health effects and charac-
terizations derived from cousideration of known size distribution of air-
borne particles such as respirable, isnhalable and total suspended particles.
Health and envirommental effects due to viable particles and asbestos are
not included in this document, nor have we yet evaluated in detail the data
from the occupational studies. Prior to discussing the likely toxic effects of
particles, this HEED first addresses various questions regarding the nature and
extent of human exposures to various particle specirs. Typical sources of
ambient particles, their cor ‘ntrations in the air and the size and location of
populgtionqugxpolod to different levels of these pollutants are also quantified.

Characterizations of the nature and magnitude of the health effects
resulting from exposures to airborne particles reported in this document
have followed primarily from the analysis of experimental-toxicological data
and epidemiological-vital statistic data utilizing ambient air pollution
measurements.

We have utilized two approaches in our analysis of the toxicity of
airborne particles. Our first approach comsisted of a general review of
health effects of airborne particles and of their chemical constituents. The
second approach involved determining the relative toxicity of particles in bio-
assays relevant to neoplastic and uon-neoplastic diseases. Non-neoplastic
effects of particles were evaluated using in vitro macrophage and infectivity
bicassays. Under neoplastic effects, we have also performed an initial
assessment of the carcinogenicity of various combustion emission particles
(mostly diesel emissions) using results from short-term bicassays to deter-
mine the magnitude of error involvad in using B(a)P as a surrogate for pre~
dicting the carcinogenic effects. ’

I In the epidemiological phase of our research, we have devoted
most of our efforts to the analysis of cross-sectionmal wmortality
studies, in which gecgraphic differences in air puilution levels are related
to geographic differences in mortality rates. For the purposes of
checking the consistency of results from cross-sectional mortality studies,
we have also conducted preliminary analyses of the time-series mortality
studies, in which changes in the daily levels of air pollution are related
ta changes in the daily number of deaths in 2 single lars: metropolitan area



such as New York City or London. Non-mortality effects of air pollution

(morbidity effects, changes in physiological sigacs, etc.) are also summarized
in this report. The primary purpose of these epidemiological investigations
has been to characterize the uncertainties associated with the selection and the

use of species-specific damage coefficients in prejecting population risks.

OQur assessments in this HEED are concluded with the identificatiom of:
limitations, gaps in knowledge, and research needs associated wicth the
analysis of health risks resulting from population exposures tO ambient
particles. Finally, we suggest improvements in the methods of analysis which
will reduce the uncerrainties that currently exist.

In the -emainder of this document, we present the key findings from
our assessments. The reader is referred to the three Appendices accompanying

this report for details on specific points.




II. Exposures to Particles

An individual's total exposure to particles is the integration of a
number of exposures in different environments. These can be divided into
indoor and outdoor eanvironments, where indoor exposures often have additional
sources of particles (e.g., cigarette smoking) superimposed upon the entering
ambient air. Since the observed population in an epidemiological study
provides information on the effect of total personal exposures to pollutants,
an understanding of these variations in human exposures is important to any
assessment of the health effects of particulate pollutiom.

One factor which has an important influence on the response of an
individual to a given total exposure to (particulate) pollutants is the
amount, or dose, of the pollutant actually inhaled during a given time
period. Furthermore, the retention properties of particles in the human
lung after inhalation are quite complicated, since the clearance of different
types of particles from various lung compartments varies from individual to
individual. For example, solubility and physical characteristics of various
particles result in differences in the observed clearance half-lives. Also,
small percentage differences in clearance half-lives can result in large
percentage differences in retained material. Therefore, clearance may be
the more important parameter for studies of chromic health effects and
deposition may be the more important parameter for studies of acute health
effects (Mage, 1982). This situation can be even more complicated because
of gas-particle interactions. (Sectiom III and Appendix 2 provide further
{nformation on the toxicity of various particles and the mechanisms of
particulate deposition in the lung.) . ’

It is evident that there is a need for the description and character-
ization of particles accordin;to:hciipotentinlforgdvcrsehcalthtftnctland
toxicity. Particle size, chemical composition, ambient concentrations and
human activity patterns determine population exposures to particles and thus to
associated potential health effects. In the following section, key factors
influencing estimates of particulate exposure are briefly discussed. (See
Appendix 1 for further informatiom.)

Sources and Physical and Chemical Characteristics of Particles

Ambient airborme particles arise both naturally and anthropogenically.
Natural sources include windblown soil, seaspray, volcanic activity, and
forest fires; manmade sources include industry, utility emissions, agriculture,
construction sites, and automobile traffic. Primary particles describe
those emitted directly from a source; secondary particles are those which
form in ambient air and the atmosphere as a result of condensation and
chemics! reactions. Geography, topography, seasonal and meteorological
conditions greatly influence particle composition and size distributionm.

These fictors are also known to influence potential effects of particles
to human health.

Particle distributions are typically characterized by a coarse and a
fine mode, described by the aerodynamic diameter of the particle. The coarse
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mode is often defined as particles ranging in aerodynamic diameter (dg) from
2.5 to 100 um, while the fine fraction is defined as those particles below

2.5 um. Ambient aerosol mass is distributed somewhat evenly between the

fine and coarse modes (fine being 1/3 to 1/2 of the total mass and coarse
being the remainder). Particle number, however, tends to decrease as particle
size increases.

The composition of particles varies by size. Fine particles (FP) tend
to come from combustion sources, either as direct emissions or as secondary
aerosols (e.g., sulfates and nitrates) formed from gas-to-particle reactions
or condensation of vapors. The main anthropogenic sources of fine particles
are stationary fuel combustion, transportation sources (primarily automotive),
and industrial process emissions. Sulfates, nitrates and ammonium ions, organic
compounds and most volatile metals are found in this fine particle size range.
The more volatile metallic elements, including arsenic, antimony, cadmium,
lead, selenium and thallium, are vaporized during combustion. They are
subsequently concentrated upon fine particles during cooling and condensation
because these particles have a higher surface to volume ratio.than coarse
particles (Natusch et al., 1974).

Sulfur compounds represent a major portion of the fine mass at most
U.S. sites. Over 90 percent of ambient sulfur is contained in the fine
fraction, and this sulfur represents an average 35 percent of the total fine
mass (AER, 1981). Aerosol acidity has been found to correlate well with
sulfate concentrations (Ferek, 1982), causing the fine mass to be the acidic
fraction. The average sulfuric acid fraction of total sulfate is typically
20 to 45 percent (with a standard error of the same magnitude as the estimate).

Furthermore, data indicate that there are cases of sulfate cﬁisodcs during
which suvlfuric acid concentrations have euceeded 25 ug/m3 or about 3 times

the ./pical ambient sulfate levels in the U.S. From the perspective of health
eff-.ts, these occasional peaks in aerosol acidity may be significant. How-
eve the analysis conventionally performed using annual average sulfate
con.snirations as the measure of exposures will not resolve questioms on

acute or chronic exposure/response relationships.

Particulate Organic Matter (POM) represents an important portion of the
fine fraction aercsol, averaging roughly 10% of the fine mass. POM is derived
from both natural (e.g. plants and animals) and anthropogenic (e.g. combustion)
sources. Many of the organic compounds present in airborne particles have
been found to be carcinogenic in animal studies (NAS, 1972).

Physical removal processes at work in the atmosphere interact so that
the net removal efficiency is lowest in the particle size range of 0.1 ¢to
1 um in diameter. This size range has appropriately been named the accumu~-
lation mode. While fine particle concentrations may be higher in the
{mmediate vicinity of sources than in the surrounding areas, fine fractiom
aerosol concentrations in general tend to be regionally uniform. This fine
mass uniformity is due in part to the sizable fraction of the fine particle
mass made up by se¢condary aerosols, whish have no individual point sources,
per se, although thev do have long residence times in the atmosphere. The wide-
spread nature, long residence times, and toxic composition of {ine aerosols
cause them o have the greatest potential for public health impacts.




Larger sized particles (5 to 50 um) are predominantly thu results of fugitive
(i.e., not ducted) emissions. These anthropogenic sources, such as agri-
culture, construction, transportation, and mining, add to the natural sources
such as windblown soil and seaspray. Industrial operations with uncontrolled
combustion, grinding and pulverizing operations, and slag or storage piles
will certainly influence particle mass concentrations by the emission of
coarse particles. Their impacts will be localized, however, because of the
short residence time of coarse particles in the atmosphere. Similarly,
locally elevated Total Suspended Particulate Matter (TSP) concentrations are
experienced near roadways and in arid or agricultural areas. Due to the
crustal nature of particles found in the coarse fraction, these particles

are rich in elements such as Al, Si, Fe, Mn, and Ca.

The characteristics of particles found in an indoor environment may
differ greatly from those found immediately outdoors. Differences are caused
by a number of factors, including the nature of the indoor sources of particles.
Research has shown that smoking, cooking, and the use of fireplace and wood-
burning stoves are sources of indoor particles that are also rich in organic com=-
pounds (see Appendix 1, Sec. II). Aside from indoor sources, fine particles gener-
ated outdoors can penetrate quite readily around doors and windows (WHO,
1982). The differences between indoor and outdoor particles will depend
a great deal on the ventilation system (which varies from building to
building), the rate of filtration/ventilation (which often varies with
seascn), and the rate of emission of particles indoors. Using tracer
chemicals and elements for outdoor particulate matter, indications are
that, rypically, 70 percent of outdoor respirable suspended particles (RSP)
(dg < 3.5 um) penetrates indoors. In well sealed homes and during winter
conditions, effective penetration drops to 30 to 50 percent.

Particle Measurement and Exposure Assessment

Unlike the particles of respirable size which penetrate to the ciliated
regions of the bronchi and the alveolar air spaces, larger or coarse particles
(> 5 um) are predominantly deposited in the nasopharynx. Although these
deposited particles can enter the bloodstream from the gastrointestinal
tract, these particles do not penetrate into the lungs. Thus, a better
measure for lung disease risk calculations of the particle mass is zon-
sidered to be the IP fraction of the TSP (haviug an aerodynamic diameter
less than about 10 to 15 ym) (Miller et al., 1979), or the RSP fraction of
the TSP. Recognition of the need for size fractionization of saaples has
led to measurements of the particles in different size ranges. The particles
sampled have been called by various names such as inhalable particles, IP
(< 15 um), respirable particles*, RSP, and total thoracic deposition par-
ticles**, TTP (< 10 ym). The particles of utmost imp rtance physiologiczlly
are those penetrating beyond the nas~ harynx compartment (cor.eaponding to
the established medical description . the upper respiratory tract). It is probu -
ble that these respirable particles ar: related to the mortality and morbidity
due to respiratory disease that has been associated with air pollution episodes
in the past.

.ly ACGIH (1970) definition, a RSP sampler collect: none of the particles
> 10 ym, 50% of the 3.5 um particles and 90% of the ] um particles.

** A (1982)
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Particle Concentration

In the U.S., levels of TSP were historically much higher than they are
today. Overall trends in TSP concentrations have been downward (mostly due
to instituted control measures and changes in the choice of industrial fuels).
Comparing 1958 and 1974 data for 5 industrial citie<, for example, the mean
TSP levels decreased from a range of 140-170 ug/m® in 1958 to 80-100 ug/m3 in
1974 and to aound 60 ug/m3 in 1977. The emphasis un particle removal
efficiency based on mass has led primarily to the collection of large par-
ticles (NRC, 1979). 1Im 1978, the approximately 4000 TSP monitoring n%tcs
reporting valid annual averages had a median concentration of 60 ug/m?. There
are systematic differences in TSP concentrations by site locations. Rural
sites tended to be lower (10-40 ug/m3) than urban areas which have TSP con-
centrations ranging from 50-150 ug/m’. Levels of TSP tend to be higher in
the eastern U.S. than in other non-arid regioms by 20-40 u;/-3. This 1is in
part due to the larger contribution of fine aerosol mass (predominantly
sulfates).

Table II-1 summarizes the recent results of measurements from U.S.
EPA's IP network by region of the couatry. In general, Inhalable Particles
(IP) (dg < 15 um) average 65 percent (+ 10Z)*and FP about 30 perceat (& 10%)
of the measured TSP,

Table II-1. Summary of Inhalable Particle (IP) Networ': Data**

Ragion Obacfv::id:: Sites Ir/Ts50 w»/ie ~
North Central 9 0.63 + .08 0.35 +# .10
Northeast 5 0.69 + .13 0.42 + .10

South 5 0.59 + .08 0.33 # .14

West 7 0.59 # .15 0.30 » .07

Table II-2 provides estimates of typical ranges of TSP, IP, and FP as
measured in different regions of the country during 1977-81 (Pace et al., ‘
1981). Aaalyses of temporal trends indicate that maximum seasonal averages .
for all three particulate indicators occur inm the summertime in most places, (
particularly in the east (Pace et al., 1981). The summertime peaks are ‘
most promounced in che FP fractiom and are driven by the sulfate compovent
(Trijonis, 1980; Speagler et al., 1980; Spengler et al., 1982). |

\
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Although TSP levels have decreased, concentrations of fine particles
appear to have remained unchanged or increased, especially in large cities.
As discussed in detail in AER (1981) the net effect of atmospheric traamsport
conversion and deposition processes is that FP, especially secondary aero-
sols such as sulfates and nitrates, can be transported hundreds of kilometers
downwind of the source regioms. Fer sulfates and most pollutants the pre-
vailing transport direction is from the Ohio River Basin area towards the
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