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Epidemiological evidence of effects of

coarse airborne particles on health
B. Brunekreef* and B. Forsberg#

ABSTRACT: Studies on health effects of airborne particulate matter (PM) have traditionally

focused on particles ,10 mm in diameter (PM10) or particles ,2.5 mm in diameter (PM2.5). The

coarse fraction of PM10, particles .2.5 mm, has only been studied recently. These particles have

different sources and composition compared with PM2.5. This paper is based on a systematic

review of studies that have analysed fine and coarse PM jointly and examines the epidemiological

evidence for effects of coarse particles on health.

Time series studies relating ambient PM to mortality have in some places provided evidence of

an independent effect of coarse PM on daily mortality, but in most urban areas, the evidence is

stronger for fine particles. The few long-term studies of effects of coarse PM on survival do not

provide any evidence of association.

In studies of chronic obstructive pulmonary disease, asthma and respiratory admissions,

coarse PM has a stronger or as strong short-term effect as fine PM, suggesting that coarse PM

may lead to adverse responses in the lungs triggering processes leading to hospital admissions.

There is also support for an association between coarse PM and cardiovascular admissions.

It is concluded that special consideration should be given to studying and regulating coarse

particles separately from fine particles.
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A
irborne particles come in all sorts of sizes,
shapes and compositions. The smallest,
‘‘ultrafine’’ particles are generated by

nucleation and condensation, largely from com-
bustion emissions. Their numbers are large
(easily .10,000 per cc), their mass is small (mass
concentration usually reaches only a few mg?m-3).
Ultrafine particles are inherently unstable, and
grow through coagulation and condensation to
larger ‘‘accumulation’’ particles, which are
mostly 0.1–1 mm in diameter. These particles
usually make up more than half of the particle
mass in ambient air. Sulphates, nitrates, and
elemental and organic carbon often dominate
their composition. Because combustion processes
ultimately generate all of these, such particles are
usually coined ‘‘combustion’’ particles. Particles
.1–2 mm usually have a quite different origin
and composition. They are generated primarily
by mechanical processes, such as wind or
abrasion. Often, crustal material, such as silicates,
is a large fraction of coarse particles but this
depends on the specific sources: metals may be

important when large metallurgic industries are a
main source. Such coarse particles may vary in
size all the way up to 100 mm, larger particles
become too heavy to remain airborne for any
length of time.

In the last 15 yrs, airborne particles have been
characterised in many areas by measurement of
particulate matter (PM) ,10 mm in diameter
(PM10), because particles of this size can penetrate
into the thoracic part of the airways where they
may have adverse effects. The more inclusive
measure of total suspended particulates (TSP) did
incorporate larger particles, but was considered to
be too unspecific to be used as a basis for air quality
standards aimed at protecting human health.
Effectively, introduction of PM10 has removed
the larger particles, which may still deposit in the
upper airways (nose, throat) from consideration
when studying and regulating health effects of
particles. Because PM10 is often mostly consisting
of particles smaller than a few micrometres, it
cannot be easily distinguished in studies from fine
particles (FP), often measured as particles ,2.5 mm
or PM2.5. That is not to say that the concentrations
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are the same; the issue is that temporal and spatial variation of
PM2.5 and PM10 are often similar, despite the difference in
sources and composition between fine and coarse particles (CP),
simply because PM2.5 is such a large fraction of PM10.

Only in recent years has the difference between coarse and fine
particles come to be more explicitly appreciated. Investigators
have included separate measurements of fine and coarse
particles in their studies rather than measurements of PM2.5

and PM10. This has shown that, in contrast to the high
correlation between PM10 and PM2.5, there is often much less
correlation between PM2.5 and coarse particles, usually defined
and measured as particles .2.5 and ,10 mm. Of note is that
sometimes this quantity is arrived at by subtracting a direct
measurement of PM2.5 from a direct measurement of PM10; the
disadvantage of this is that coarse particle measurement is then
affected by two measurement errors rather than one. Other
sampling configurations separate fine and coarse particles
before they are collected on filters to be weighed, or are
detected by other means.

These recent studies have made it possible to investigate the role
of fine and coarse particles without running into the complica-
tion that any statement about PM10 is likely to be also valid for
(or even dominated by) PM2.5, simply because PM2.5 is such a
large fraction of PM10. The observation that the correlation
between fine and coarse particles if often low has made it
relatively easy to separate their effects in field studies. Separate
collection of fine and coarse particles on appropriate media has
also facilitated toxicology studies, allowing conclusions as to
whether, on a mass basis, the two fractions have equal or
different toxicities, qualitatively as well as quantitatively.

A detailed description of the occurrence, measurement and
correlations of coarse and fine particles can be found in WILSON

and SU [1]. These authors concluded that ‘‘fine and coarse
particles are separate classes of pollutants and should be
measured separately in research and epidemiologic studies.
PM2.5 and PM(10–2.5) are indicators or surrogates, but not
measurements, of fine particles.’’ To illustrate the last point, it
has been shown that in certain areas windblown dust
significantly contributes to PM2.5 [2].

An early example of a study that addressed fine and coarse PM
separately is a study from the USA [3, 4] which found that
daily mortality in six cities was associated with fine particles
but not with coarse particles. Since then, a small body of
evidence has emerged that allows further analysis of the
relative importance of fine and coarse particles.

AIM AND METHODS
This paper reviews what is known from epidemiological
studies about the health effects of coarse particles. As there are
virtually no studies that have defined ‘‘coarse particles’’ other
than PM10–2.5 (occasionally PM15–2.5), what is know about
‘‘coarse PM mass’’ or CM refers to particles ,10 (or 15) mm,
and .2.5 mm. The emphasis is on comparing effect estimates
for fine and coarse particles within studies, and the aim of this
Review was to include all time-series studies giving coeffi-
cients for both fractions. Papers were selected through a
systematic search in PubMed and the time-series database Air
Pollution Epidemiology Database (APED) at St. George’s
Hospital Medical School, London University, used in a recent

meta-analysis for the World Health Organization [5]. This
paper addresses the question whether there is evidence in time
series studies of an effect of coarse particles on daily mortality
and morbidity. As measurement error may depend on the
method of measurement of coarse particles (i.e. by direct
measurement or by subtraction of measured PM2.5 from
measured PM10), it has been indicated in the tables which
method was used. Most studies report several effect estimates
for both metrics; in this Review one or a few have been chosen
to be representative of the study, ensuring that the effect
estimates for coarse and fine PM were from a strictly
comparable set of data within the studies. Several studies
have recently been re-analysed after new insights into
modelling of time series data emerged; if so, effect estimates
from the re-analysed data have been chosen as reported in a
monograph published by the Health Effects Institute [6]. Few
studies have presented results of analyses in which fine and
coarse PM were jointly analysed. The results of two-pollutant
models have been addressed whenever they were available.
The data on coarse PM effects are currently too sparse to
permit a formal meta-analysis of the results.

EFFECTS OF COARSE PARTICLES ON SHORT-TERM
MORTALITY
The results of time series studies on effects of fine and coarse
particles on mortality are summarised in table 1 [3, 4, 7–22].
The table includes the reported correlations between fine and
coarse particles, which were typically around or somewhat
,0.5. In all reported studies, correlations between PM10 and
coarse, as well as fine, particles were much higher (as both fine
and coarse particles are part of PM10).

There were four studies that not only reported separate
estimates for fine and coarse PM, but also the results of a
two-pollutant analysis [7, 9–12, 14]. The first three found that
effects of coarse PM were no longer there after adjustment for
fine PM, whereas the fine PM effects remained. No two-
pollutant analyses have been published for the Canadian data
[9, 10] but they have been conducted, and they show that the
fine PM effect persisted, but that the coarse PM effect was
attenuated and nonsignificant (R. Burnett, Biostatistics and
Epidemiology Division, Safe Environments Directorate,
Healthy Environments and Consumer Safety Branch, Health
Canada, Ottawa, Canada, personal communication). The effect
estimates in the table are from the recent re-analysis report [9].
Only a study from Mexico City [14] found the opposite result.
The authors speculated that there was much biogenic
contamination in the coarse mass fraction in Mexico City.

Of the studies reporting only single pollutant analyses, the
original SCHWARTZ et al. [3] study conducted in six USA cities,
replicated by KLEMM et al. [4] is still the study with the largest
number of observations, some 190,000 deaths observed over a
number of years. In this study, fine PM was associated with
mortality but coarse PM was not. Of interest is that in the one
town where CP was found to be associated with mortality
(Steubenville), the correlation between FP and CP was high at
0.69. Another study from Philadelphia found associations
between mortality and fine and coarse PM of roughly similar
magnitude, although the associations with CM were mostly
not significant [8]. The Environmental Protection Agency
(EPA) PM criteria document has calculated effect estimates
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that are in the order of a 1.6% increase in cardiovascular
mortality per 10 mg?m-3 for both metrics, being significant for
fine but not for coarse PM [23].

A number of studies found no evidence of effects of either PM
metric on mortality [13, 15–17, 20].

In a study conducted in the arid Coachella Valley, California,
OSTRO et al. [18] found evidence for effects of fine particles (but
not coarse particles) on total mortality. When the analysis was
restricted to cardiovascular mortality, there was a significant
association with coarse but not fine particles, although the
effect estimate for fine particles was still much larger than for
coarse PM. The results were generally unaffected by model
specification [19]. In the re-analysis published in 2003, the
authors looked at cardiovascular mortality only, so that no
comparison is possible with the original report with respect to
total mortality.

In a small study from Phoenix, Arizona, USA, where coarse
PM is higher than fine PM due to arid conditions, both were

found to be associated with cardiovascular mortality at lag 0.
At lag 1 the association was stronger for fine (7.1% per 10
mg?m-3, 95% confidence interval (CI) 1.1–12.9%) than for coarse
particles (1.6% per 10 mg?m-3, 95% CI -0.5–3.8%) [21, 22]. In
Santiago coarse PM were more important than FP in summer
[7].

A graphical illustration of the effect estimates for coarse and
fine PM on mortality is shown in figure 1.

EFFECTS OF COARSE PARTICLES ON LONG-TERM
MORTALITY
The largest cohort study conducted in the USA found no
evidence that coarse PM was associated with mortality over
long periods of follow-up, showing an essentially zero effect
estimate for total mortality [23]. The Six Cities Study [24] as
quoted by USA EPA in the final Criteria Document for
Particulate Matter also did not find a significant relationship
between coarse particles (defined as PM15–2.5) and mortality
after 14 yrs of follow-up (concentration range 9.7, relative risk

TABLE 1 Summary of time series studies relating fine and coarse particulate matter to mortality

Reference Location Approximate

number of events

Measurement

of PM10–2.5

R fine–coarse Effect estimates

per 10 mg?m-3

Estimates from

two-pollutant model

[3, 4] Six USA cities 190000 Direct 0.23–0.69 FP: 1.5 (1.1–1.9) NA

CP: 0.4 (-0.1–1.0)

[7] Santiago, Chile 186000 Direct 0.52 FP: 0.7 (0.5–0.9) FP: 0.7 (0.4–1.0)

CP: 0.9 (0.6–1.3) CP: 0.1 (-0.3–0.5)

[8] Philadelphia, USA 135000 Direct NA FP: mostly significant NA

CP: mostly insignificant

[9, 10] Eight Canadian

cities

110000 Direct 0.37 FP: 1.4 (0.5–2.3) FP effect remains significant,

CP effect no longerCP: 0.8 (0.0–1.6)

[11, 12] Santa Clara County,

USA

60000 Direct 0.51 FP: 2.9 (0.6–5.3) FP 3.5 (0.7–6.6)

CP: 1.3 (-2.2–4.9) CP -2.4 (-9.0–4.8)

[13] West Midlands, UK 49000 Direct 0.34 FP: 0.3 (-0.8–1.5) NA

CP: -0.5 (-3.8–2.0)

[14] Mexico City 30100 Indirect 0.52 FP: 1.5 (-0.0–3.0) FP: 0.2 (-1.7–2.1)

CP: 4.1 (2.5–5.7) CP: 4.0 (2.0–6.0)

[15] Vancouver, Canada 28200 ? 0.46 Total: FP: -0.1 (-4.6–4.6) NA

CP: 0.9 (-1.7–3.6)

CVD: FP: 4.8 (-1.9–11.9)

CP: 5.4 (1.0–9.8)

Resp: FP: 7.4 (-4.1–20.3)

CP: -1.4 (-8.5–6.5)

[16, 17] Detroit/Michigan

County, USA

25000 Direct 0.42 FP: 0.8 (-0.6–2.4) NA

CP: 1.1 (-0.9–3.3)

[18, 19] Coachella Valley,

USA

21000 Indirect 0.28–0.46 Total: FP: 4.4 (0.0–8.9) NA

CP: 0.5 (-0.5–1.0)

CVD:FP: 3.3 (-2.2–10.0)

CP: 1.0 (0.5–2.0)

[20] Atlanta, USA 8400 ? FP: 1.9 (-1.3–5.4) NA

CP: 0.6 (-4.5–6.4)

[21, 22] Phoenix, USA 4200 Indirect 0.59 FP: 3.5 (-0.1–9.4) NA

CP: 2.7 (0.5–6.0)

R: Pearson correlation coefficient; PM10: particles ,10 mm in diameter; PM2.5: particles ,2.5 mm in diameter; FP: fine particles; CP: coarse particles; CVD: cardiovascular

disease; Resp: respiratory; NA: not available.
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1.19 (0.91–1.55) [25]. This is an important observation because
(proposals for) annual average limit values for fine PM rely in
part on the results of these cohort studies.

EFFECTS OF COARSE PARTICLES ON SHORT-TERM
MEASURES OF MORBIDITY
Eleven papers presenting studies of associations with hospital
admissions for respiratory and cardiovascular disease [13, 16,
26–32, 33, 34] and three studies of emergency department visits
[35–37] were identified (table 2). Five of these studies are from
Toronto, Canada [26, 27, 29, 31, 32], but have used different
outcomes, study populations and particle exposure metrics. In
the longer studies of cardiorespiratory admissions [29] and
respiratory admissions in children [31, 32] in 1980–1994, the
coarse and fine fractions were estimated from TSP and
sulphate. These studies indicate that the coarse fraction may
be more important [27, 31, 32] or at least a stronger predictor
for some endpoints than is the fine fraction [29]. The coarse
fraction, in particular, had a strong effect on total CVD
admissions in all ages, ,8% per 10 mg?m-3 in single pollutants
models [27]. However, PM metrics in these Canadian studies
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FIGURE 1. Effect of fine ($) and coarse (#) particles on total mortality in

published time series studies.

TABLE 2 Summary of time series studies relating fine and coarse particulate matter to hospital admissions

Ref Study area Approximate

number of events

Measurement of

coarse particles

Correlation

coarse–fine

% increase per

10 mg?m-3 95% CI

Estimates from

two-pollutant model

[26] Toronto, Canada 1700 respiratory

admissions

Direct 0.72 FP was significant in the

single pollutant model

NA

[27] Toronto, Canada 16500 cardiac

admissions

Direct 0.72 Cardiac FP 2.8 (-0.3–5.9) NA

CP 7.6 (3.2–11.9)

9200 respiratory

admissions

Respiratory FP 3.4 (1.4–5.4)

CP 4.8 (2.1–7.6)

[28, 38] Seattle, USA 7800 asthma

admissions

Indirect 0.43 FP 3.4 (0.8–5.1) NA

CP 2.2 (0.0–5.4)

[29] Toronto, Canada 130000 (for the most

frequent)

Direct 0.47 IHD:FP 3.2 (2.2–4.2) CP significant for asthma and

COPD, FP significant for

respiratory infections and dysrhythmias

CP 1.5 (0.5–2.4)

IHD admissions Resp infections: FP 4.2 (2.9–5.6) Never both significant

CP 3.6 (1.9–5.4)

Asthma:FP 2.6 (1.0–4.1)

CP 4.3 (2.3–6.3)

[36] Santiago, Chile 61000 respiratory

emergency visits in

children aged ,15 yrs

Indirect 0.84 (cold) 0.61

(warm)

Cold season NA

FP 0.6 (0.2–1.0)

CP 0.5 (0.0–0.9)

Warm season

FP 0.4 (-0.6–1.5)

CP 1.2 (0.1–2.4)

[37] Atlanta, USA 28000 CVD

emergency visits

Direct 0.43 FP 3.3 (1.0–5.6) NA

CP 1.2 (-1.5–4.0)

[16, 17] Detroit, USA Unknown number of

hospital admissions in

elderly

Indirect 0.42 Pneumonia In two-pollutant model FP had a larger

positive coefficient for pneumonia,

heart failure and IHD, while CP had a

large positive coefficient for COPD

FP 4.1 (0.6–8.1)

CP 4.5 (0.0–9.4)

COPD:FP 0.1 (-3.9–4.5)

CP 4.3 (-1.3–10.5)

IHD:FP 1.2 (-1.1–3.6)

CP 3.3 (0.2–8.5)

Heart failure

FP 2.8 (0.1–5.7)

CP 2.0 (-1.5–5.6)
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tended to be sensitive for inclusion of gaseous pollutants in
two-pollutant models, although more so for PM2.5 than for
coarse particles [27]. With levels of coarse and fine particles
estimated from TSP and sulphate, there was less support for an
effect on CVD admissions [29].

Various categories of CVD hospital admissions among the
elderly in Detroit were positively associated with fine and
coarse particles (and other pollutants), in some cases signifi-
cantly. The associations were rather robust when co-pollutants
were included in the models [16]. It was not possible, either
from the original analysis or the re-analysis, to conclude that
any fraction was more important than the other. The strongest
effects of the coarse fraction reached ,4% per 10 mg?m-3 for
IHD admissions in the elderly.

The coarse fraction is a better predictor of the daily numbers in
several studies of asthma, chronic obstructive pulmonary
disease (COPD) and/or all respiratory admissions [16, 29–
32], while the effect of fine and coarse particles on asthma was
more similar in some cases [28, 34–36]. In general there was an
increase in admissions of 2–6% per % per 10 mg?m-3 for
respiratory admissions. The highest effect-size estimates for
the coarse fraction exceed 10% per 10 mg?m-3, particularly with

longer averaging times [32]. In a study from Chile, there were
inconsistent results for different diagnoses and seasons [36].
Three of the diagnosis-season combinations showed the
strongest association for FP and three for CP. In one of the
studies from Toronto, only CP displayed at least a marginal
level of evidence of an association after adjustment for co-
pollutants [27]. Graphical illustration of the effects of fine and
coarse particles on respiratory, COPD and cardiovascular
admissions is shown in figures 2–4.

EFFECTS OF DUST STORMS AND WIND-BLOWN DUST
SCHWARTZ et al. [39] analysed a time series of mortality data
from Spokane, Washington, USA where dust storms regularly
occur. The authors found that on dust storm days, which had
an average PM10 concentration of 263 mg?m-3, there was no
increased mortality compared with control days, which had an
average PM10 concentration of 42 mg?m-3.

A study of respiratory hospital admissions from Washington
State, USA [40] found an association with PM10. This
association was not significantly smaller in the fall period
when PM10 was suggested to be dominated by wind-blown
dust. One would expect a smaller association if wind-blown
dust was innocuous. A study from Anchorage, USA, where

Ref Study area Approximate

number of events

Measurement of

coarse particles

Correlation

coarse–fine

% increase per

10 mg?m-3 95% CI

Estimates from

two-pollutant model

[30] Los Angeles county,

USA

11000 hospital

admissions for COPD

Indirect COPD aged .65 yrs NA

FP 2.0 (0.4–3.6)

CP 2.0 (-0.2–4.2)

COPD aged 20–64 yrs

FP 1.7 (0.1–3.3)

CP 2.4 (-0.1–4.9)

COPD aged 0–19 yrs

FP 0.6 (-1.8–3.0)

CP 6.6 (3.2–10.0)

[13] West Midlands

conurbation, UK

47000 CVD

admissions

Indirect 0.34 CVD:FP -0.3 (-1.5–0.9) NA

CP -0.6 (-3.3–11.9)

44000 respiratory

admissions

Resp:FP 0.7 (-0.5–1.4)

CP 0.2 (-2.2–2.7)

[31] Toronto, Canada 16000 respiratory

hospital admissions in

children aged ,2 yrs

Direct FP 8.8 (3.5–14.0) NA

CP 11.3 (5.4–17.2)

[32] Toronto, Canada 7300 asthma

admissions in children

aged 6–12 yrs

Direct 0.44 Young males NA

FP -4.3 (-10.8–1.1)

CP 11.8 (3.6–21.3)

Young females

FP 5.4 (-3.2–12.9)

CP 21.3 (9.5–35.5)

[34] Vancouver, Canada 4400 hospital admis-

sion for COPD

Indirect Moderate FP 19.8 (4.0–36.5) FP 15.5 (-0.2–34.3)

CP 21.2 (6.0–37.6) CP 15.9 (-0.1–32.6)

[35] Spokane, USA 29000 respiratory

emergency visits

Indirect 0.31 FP 2.0 (-1.0–5.0) NA

CP 0.8 (-0.4–2.0)

[33] Atlanta, USA 27000 CVD

emergency visits

Direct 0.43 FP 3.3 (1.0–5.6) NA

CP 2.4 (-3.0–8.0)

95% CI: 95% confidence interval; IHD: ischaemic heart disease; CVD: cardiovascular disease; COPD: chronic obstructive pulmonary disease; FP: fine particles; CP:

coarse particles; Resp: respiratory; NA: not applicable.

TABLE 2 Continued
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PM10 is dominated by coarse crustal material, found significant
effects of PM10 on outpatient visits for asthma, bronchitis and
upper respiratory tract infections [41].

Another study from Washington State, USA, found a small
increase in respiratory hospital admissions after dust storms
where maximum 24 h PM10 concentrations exceeded 1,000
mg?m-3 [42]. Coefficients were estimated to be ,3–4% per 100
mg?m-3, which is not very different from coefficients estimated
from large time series studies on PM and hospital admissions.

In areas of Europe where roads are being sanded, and studded
tires are being used in winter, episodes of high so called
‘‘spring dust’’ concentrations occur after the snow has melted.
One study from Finland has addressed possible health

consequences [43]. TSP, PM10 and PM2.5 were measured, and
coarse mass was estimated by subtracting PM2.5 from PM10.
Median concentrations were 57, 28, 15 and 8 mg?m-3 respec-
tively, but maximum concentrations were 234, 122, 55 and 67
mg?m-3 (24 h average). Correlations between the different
particle metrics were very high at 0.90–0.98 in this study so
that they could not be separated in the analysis. Morning peak
flow and cough were found to be associated with all the
particle metrics (except TSP which was not analysed) in a
panel of asthmatic children. Because of the high correlations
between metrics, no firm conclusions with respect to an
independent role of coarse PM can be drawn. Two other
studies from Finland found no evidence of coarse PM (‘‘spring
dust’’) effects on peak flow and symptoms in panels of asthma
patients [44, 45].

EFFECTS OF COARSE PARTICLES ON LONG-TERM
MEASURES OF MORBIDITY
Analyses conducted within the Children’s Health Study in
southern California found no evidence of an association
between coarse PM and bronchitis symptoms in a prospective
assessment of children with asthma [46]. In the same data, NO2

and organic carbon were the pollutants most closely associated
with symptoms. The correlation between annual average PM2.5

and coarse particles was only 0.24, whereas PM10 was highly
correlated with both at 0.79. This analysis took into account
both within and between community variations over a 4-yr
period. This illustrates that separate assessment of associations
with fine and coarse PM is possible when both are actually
measured. Earlier publications from this cohort found some
evidence of an effect of coarse PM on lung function growth
that was inseparable from effects of other particle metrics [47,
48]. However, in these analyses the within community
variation in air pollution exposures over time was not taken
into account, and correlations between PM10, coarse and fine
particles were much higher for this reason than in the analysis
of bronchitis symptoms among children.
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FIGURE 3. Effect of fine ($) and coarse (#) particles on chronic obstructive

pulmonary disease (COPD) admissions in published time series studies.
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FIGURE 4. Effect of fine ($) and coarse (#) particles on cardiovascular

admissions in published time series studies. CVD: cardiovascular disease; HF:

heart failure; IHD: ischaemic heart disease.
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FIGURE 2. Effect of fine ($) and coarse (#) particles on respiratory

admissions in published time series studies.
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A study from eight districts in four cities in China reported
that the prevalence of respiratory symptoms in children was
more strongly associated with TSP, and with coarse than with
fine particles. Mean concentrations were high at 356 mg?m-3 for
TSP, and 151, 92 and 59 mg?m-3 for PM10, PM2.5 and coarse
mass, respectively [49].

SOME REMARKS ON THE TOXICOLOGY OF COARSE
PARTICLES
An important consideration when discussing the toxicology of
coarse and fine particles is dosimetry. Few investigators have
specifically addressed the particle lung doses from fine and
coarse PM. VENKATARAMAN and KAO [50] showed that on a
mass basis, the proportion of fine PM being deposited in the
pulmonary region is three times larger than the proportion of
coarse PM. The number dose to the pulmonary region,
however, was five orders of magnitude higher for fine than
for coarse PM. This indicates that if effects of PM are even
partly related to particle number, the fine fraction completely
dominates.

Most toxicology studies that investigated effects of coarse and
fine PM to date have expressed results on a mass basis. SHI et al.
[51] found higher hydroxyl radical generating capacity in coarse
mode particles than in fine mode particles, especially when
sampling was in winter. In contrast, the cytotoxicity of solvent-
extractable organic compounds was found to be larger in fine
than in coarse particles [52]. Another study found a greater
haemolytic potential in fine than in coarse particles when
expressed on a mass basis [53]. However, when expressed per
particle surface area, effects were similar, suggesting that
particle surface area may be an important determinant of
particle effects on health. BECKER et al. [54] showed that cytokine
production of macrophages was especially enhanced by coarse
PM and by bacterial endotoxin content of coarse PM in
particular. Another study by the same investigators found that
human lung macrophages were more likely to be stimulated to
produce inflammatory responses by coarse than by fine PM,
again on a mass basis, and that this was related to bacterial
endotoxin content [55]. It is likely that the chemical composition
is driving toxicological effects, and for coarse PM it may vary a
lot from place to place and also between seasons.

Taken together, these studies clearly show that coarse PM
exerts toxic effects in laboratory experiments, and that such
effects are at least as potent as those observed in experiments
using fine PM, when expressed on a mass basis. However,
when taking into consideration particle number or surface
area, the pulmonary dose of toxic material related to fine PM
may be so much larger than the dose related to coarse PM that
for this reason alone, comparison on a mass basis may be less
informative.

CONCLUDING REMARKS ON THE HEALTH EFFECTS OF
COARSE PARTICLES
Mortality
There is some evidence for effects of coarse PM on mortality.
This is most prominent in studies from arid regions (Coachella
Valley, Phoenix, USA) where coarse PM concentrations are
relatively high. Studies from Mexico city, the Detroit area and
from Canada also provide some support for an effect of coarse
PM on mortality.

Few studies have analysed fine and coarse PM jointly. Three
studies that did, showed that the effects of coarse PM were
reduced to nonsignificance after adjustment for fine PM but
the effects of fine PM remained after adjustment for coarse PM.
A study from Mexico found the opposite. In Santiago coarse
PM were more important than FP in summer. Coarse and fine
PM are also likely to have differential associations with other
(gaseous) pollutants, so that adjustment for such pollutants
may also affect the results of statistical analyses. However, the
present database does not allow assessment of this.

The correlation between fine and coarse PM in all of these
studies was moderate at values 0.28–0.59 with one higher value
at 0.69 in Steubenville, USA [24]. In contrast, the correlations
between PM10 and fine as well as coarse PM was much larger
in all studies. Usually, correlations between PM10 and fine PM
were largest, but there were some exceptions, notably from
arid areas where PM10 was dominated by coarse PM. The
implication is that analyses based on PM10 are generally
unable to support statements on the relative importance of fine
and coarse PM. The modest correlations between fine and
coarse PM on the other hand do allow separation of the two
effects. It is unfortunate that so far, few studies have reported
the results of two-pollutant analyses.

There is only one report from Europe at this point. This study
from the UK found no effect of either fine or coarse PM on
mortality. However, in the warm season, significant effects of
fine but not coarse PM were observed. The two USA cohort
studies did not show a significant effect of spatial variations in
coarse particles on mortality.

Morbidity
In studies of COPD, asthma and respiratory admissions coarse
PM has a stronger or as strong short-term effect as fine PM.
Some studies have found associations between respiratory
morbidity endpoints and coarse particles in areas where no
such associations with mortality were found. The available
evidence suggests that the toxicological potential of coarse
particles is sufficient to cause respiratory and cardiovascular
morbidity that leads to increases in hospital admissions. Very
few data exist that allow estimates of long-term effects of
coarse PM on morbidity. One study from China, conducted at
high levels of exposure, suggests that the prevalence of
respiratory disease among children is especially associated
with coarse PM. In contrast, the Children’s Health Study from
California found little evidence of long-term effects of coarse
PM on morbidity.

Exposure assessment
One reason why it might be more difficult to address effects of
coarse particles in epidemiological studies is that the spatial
variation in coarse particles tends to be larger than in fine
particles [56]. In arid region the spatial variability might be
less. Also, the instrumental measurement error in coarse
particle concentrations might be larger when the measurement
is indirect, i.e. coarse PM concentrations result from a
subtraction of measured PM2.5 from measured PM10 concen-
trations. In none of the reported epidemiological studies have
these issues been dealt with explicitly. Only the report from the
Coachella Valley study [18] reports on correlations between
coarse and fine particles, respectively, measured at two
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different sites: for coarse particles, the correlation was 0.61, for
fine particles, 0.60. Two other studies have provided some
evidence. A recent study from Austria found higher spatial
correlation for fine PM than for coarse PM in summer (0.91
versus 0.55) but in the winter it was opposite (0.73 versus 0.84)
[57]. A study from the former German Democratic Republic
(GDR) found high spatial correlations for both fine and coarse
PM and for endotoxin in fine and coarse PM (0.85 versus 0.88)
[58]. In this study, endotoxin in coarse PM was ten times
higher than in fine PM which may explain some of the high
toxicity of fine PM in toxicology studies noted earlier. These
limited data do not support the view that the spatial
correlation of coarse PM is much worse than fine PM, but
further data on this are needed. In few of the published studies
authors have tried to ascertain the independent effects of
coarse and fine PM, by including them in the same statistical
model. As discussed, the correlation between the two is
usually sufficiently low to allow meaningful two-pollutant
analyses. Future analyses need to take these fundamental
exposure issues into account.

Policy issues
A large number of studies over the world have been identified
by this systematic review to demonstrate adverse health effects
by coarse particles. The health effects of this particle size
fraction has to some extent been overlooked and now presents
an important challenge to study further by epidemiological,
toxicological and chemical approaches. The coarse particle
fraction is also of importance in the regulatory process as well
as for control measures.
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