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As part of its ongoing work to protect health 
and the environ1nent, Directorate General XI 
(DG XI) of tho European Commission (EC) is 
charged with proposing legislation to control 
potentially harmful efhocts from pollutants. The 
Cmnmission increasingly has 1novod to carry 
out this responsihility by seoking to involve a 
broad range of stakeholders at different stages of 
the process. 

Tho Health Effects Institute (HE!) is an inde­
pendent resoarch orgnnization jointly and equally 
funded by industry and government to provide 
independent science on the health effects of air 
pollution to inform potential regulation. 

Tho materials that follow are tho proceedings 
from a workshop entitled '!1w Health b)fects of 
Fino Particles: Key Qtwstions and the 2003 
Review hold in Brussels, Bolgiwn, on 14-15 
January 1999. This was the second in a series of 
collaborative efforts between tlw Directorate 
General XI and tho Health Effects Institute. Tho 
workshop brought together loading Europecm and 
U.S. researchers funded by Directorate General 
Xll, HE!, and others, with representatives of the 
European Parlimmmt, tho World Health 
Organization, 1l1e Europe<m Science Foundation, 
the U.S. Enviromnental Protection Agency, Inem­
ber states, local authorities, industry, nongovorn­
Incmtal organizations, and multiple diroctoratos 
witl1in the Cmrunission in an open and transpar­
ent dialogue to examine underlying science rele~ 
vant to potential regulation. 

Particulate n1attor was selected as the subject 
of this workshop in part. in response to broad 
interest mnong policy 1nakors in tho current 
state of scientific knowledge about particles and 
their effect. Prirnarily, however, the workshop 
was designed to rovicw key outstanding ques­
tions and identify research needs that are 
in1portant to address as the Com.mission plans 
for its 2003 review of tho Particulate Matter 
Limit Value, as called for in tho Daughtnr 
Directive. 

In planning tho workshop, emphasis was 
placed on differentiating mnong scientific ques­
tions that have the potential of being addressed 
effectively prior to the 2003 review and those 
that will require a longer time to pursue. It is 
hoped that this nweting was an important step 
in identifying tho scientific questions that arc 
n1ost relevant to risk asscss1nent and futuro 
European regulatory needs. 

Because particle research is an active and 
dynamic field, the meeting also included a 
poster session and short presentations of results 
of new studies in opidomiology and toxicology, 
and exposure assessment, expected to be of 
consequence in advancing tho understanding of 
fine particles. In addition to matorials presented 
at tho workshop, this Com1nunication includes 
the full text of tho final PM directive (tho 
Council Directive) in the appendix. 

HE! wishos to thank the many diverse inter-­
ests from within and outside govern1ncnt and 
tho scientific community who contributed to 
this effort. 



EXECUTIVE SUMMARY 

BACKGROUND AND REGULATORY 

CONTEXT 

Pmtkalate matter (PM) is the term used to dofino 
a cmnplox mixture of antlnopogonic and natural­
ly occurring airborne particles. Those particles, 
which can be directly mnittod by transport or sta­
tionary sources (i.e., priiTIGJY partJ'cles) or created 
as a product of atinosphcric transformation (i.e., 
secondary prJitir.Jes) are of concern to environ­
ll10ntal regulators because of a body of epidemi­
ology studios that link oxposuro to PM with 
excess 1nortality and 1norbidity in human popula­
ticms. The most cmnrnon size descriptor of parti­
cles is the aerodynamic dian1etcr, which provides 
an indication of the partido size. Based on this 
pararnetnr, ambient particles fall into three size 
classes or modes: ult.rafine, or nuclei mode, parti~ 
des (less than 0.1 flm in diameter); fine, or accu­
mulation mode, particles (between 0.1 J-lm and 
2.5 J-1111 in diameter); and coarse particles (larger 
than 2.5 Jlm in diameter). 

In the European Union, e1nerging concern about 
tho health effects of PM lod tho European 
Commission's Directorate General XI (DG XI) to 
propose under tho terms of the A1i· Quality 
Fmmework Dii-ective 96/62/EC a Daughter 
Directive establishing limit values for PM (as well 
as for S02 , N02 , and lead) in ambient air. In 
proposing the new lin1it values, the Commission 
relied on input from_ a range of experts and orga­
nizations. Tho input included the World Health 
Organization (WHO) Guidelines as well as rec­
ommendations presented in a 1997 White Paper 
by DG Xl"s Working Group on PM. This group 
was chaired by mcrnber states and was cmnposod 
of experts fron1 mon1ber states, nongovernmental 
organizations, industry, WHO, the European 
Environment Agency, and the Commission. 

The Daughter Directive put forward by tho 
Commission proposed new limit values for PM 
measured as PM10 of 50 j1g/m:l (24 hours) and 20 
j1gfm3 (annual), to be mot by 1 January 2010. 
(PM10 refers to the fraction of partielos with an 
aerodynamic diameter of 10 flm or loss.) Tho 
proposed Daughtor Diroctivos have recently boon 
adopted as final in Council Directive 1 999/30/EC, 
which is included at tlw end of this 
Corrununication. 

In proposing a limit value for PM10 , tho 
Cmnn1ission expressed interest in establishing a 
limit value for fTactions sn1aller than PM10, and 
noted also tho emerging ovidoncn of stronger 
associations with hcaltl1 effects at smaller fn1c-

tions. The C01nn1ission was, however, con­
strained by the absence of uniquely European 
studies or data demonstrating efl'ccts at srnallnr 
fractions. Tho Directive dealt with this limitation 
in part by proposing a review of new scientific 
information about the effects of particles~ particu­
larly tho fraction below PM10 , in 2003, to help 
inforn1 consideration of whether a limit. value 
should be established for this size. Key aspects of 
the 2003 review include achieving a n1orc com­
plete understanding of tho 1) healdz effects· of 
fino particlos, including effects of particle size, 
number, corn position, and other characteristics; 
2) souJ'Ces, both transportation and stationary and 
priinary and secondary; 3) clzmnistiy and fJ'[]ns­
port,- including local and trans boundary; and 4) 
JJleasurmnent, including technology and Inethod­
ology. It is expected that tho 2003 review would 
consider PM in tho context of other pollutants 
and be undertaken in cooperation with a range of 
stakeholders. 

In tho United States, tho Envirmunental 
Protection Agoncy (EPA) is required by tho 
National Clean Air Act to review the health and 
environmental eiiect·s of the criteria pollutants 
(S02 , N02, PM, CO, and ozone) every five years 
in consultation with its Clean Air Scientific 
Advisory Committee (CASAC). Tho CASAC is a 
group of experts from a range of relevant scientif­
ic disciplines who are charged with advising the 
EPA Administrator about tho current state of the 
science to be used as tl1e basis for establishing 
national ambient air quality standards (NAAQS). 
In its review, the EPA establishes a pn'mary stan­
dard designed to protect publio healtl1 with an 
adequate margin of safety, and a secanda1y stan­
dani, designed to protect public welfare and tlw 
environment. The two prinwry products of a 
CASAC review are a Criteda Docuinent; which 
docuxnents the universe of scientific studies 
upon which a standmd may be based and a Staff 
Paper, in which the EPA in consultation with 
CASAC intorprets the science and recommends a 
standard to tho Administrator. Tho entire CASAC 
process is open to public involvement and cmn­
nlent. 

Based on a con1prchcnsivc asscss1nent of tho 
science, in 1997 tho EPA established n slightly 
modillod PM10 standard of 50 j1gfm3 (annual) and 
150 flgfm3 (24 hour) and also established a now 
PM2,5 standm·d of 15 f.lgfm3 (annual) and 65 jJgfm3 
(24 hour). (PM2 _5 refers to tho ii-action of particles 
with an aorodymm1ic diameter of 2.5 flm or less.) 
The EPA's decision on the flnc particle standard 
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(PM2.5) was based on epidemiology studies 
reporting an association between health effects 
(rnorbidity and rnortality) and direct rneasurc­
ments of ilne particles. The EPA also felt, how­
over, that coarse particles (PM10) still posed 
health concerns~ including aggravation of astluna 
and increased respiratory illness, especially 
among children, and cited those effects as thn 
basis for retaining its PM10 standard. 

In response to concerns expressed about 
uncertainties in tho underlying scinnco, a 
Presidential Executive Order accmnpanied tho 
release of tl1c now PM standard that underscored 
the importance of tho next CASAC review of the 
science. That rcviow is currently required to be 
completed by 2002, prior to actual implementa­
tion of the now standards. In 1998, rnajor points 
ifom the Executive Order were adopted as law, 

Tho current EU directive requirement for a 
review of the science of fine particles in 2003 
and the US requirement to review the NAAQS in 
2002 has resulted in extensive new research in 
both the Eurpoean Union and tho United States 
that can be expected to inform these upcoming 
regulatory efforts. 

PARTICLE CHARACTERIZATION, 
SOURCE APPORTIONMENT, AND 
EXPOSURE 

Particles in ambient air originate from a vaxiety 
of sources and differ in size, composition, and 
other physical, chemical, and biological proper­
tics and in the processes they undergo in tho 
atnwsphore. Some are solid and some arc liquid. 
Emissions from stationary fuel combustion 
sources cmnbino in the atlnospherc with tho 
emissions from motor vehicles. A large fraction 
of omissions are frmn non-industrial sources. As 
the emissions frmn those sources rnix in the 
atnwsphero and are transported downwind, 
atmospheric chemical reactions take place and 
socondaxy particles arc formed (for oxarnple, sul­
fate and nitrate are formed from tho oxidation of 
S02 and N02 , respectively). 

Characterization and Measurement 
As 1ncntioncd earlier, ambient particles fall 
into a tri~ruodal sizn distribution: ultl'afine (or 
nuclei n1odo), fino (or accumulation mode), and 
coarse. Ultrafiiw partides derive primarily fTom 
combustion processes and tend to grow into fino 
particles either by agglomeration or frmn con­
densation of volatile material on them. Fine and 
ultrafine paJticles are dominated by mnissions 
iTorn cmnbustion processes, and coan;e particles 

are mostly generated by 1nechanical procnssos 
fron1 a variety of noncmnbustion sources. 
Generally, tho ultrafinc and fino fractions are 
composed of carbonaceous 1naterial, n1etals, sul­
fate, nitrate and an1u10niunL The coarse fraction 
is con1posod mostly of particles rnechanically 
gonnrated and consists of insoluble Inincrals 
(wind-blown dusts) and biologic aerosols, with 
s1nallor contributions frmn primary and sec­
ondary aerosols and sea salts. Understanding 
how different sources contTibute to tlw atnws­
pheric particle levels is important for designing 
a rational control strategy, 

The measurmnent of mnbient particulate rnatter 
is challenging because particle cmnposition and 
size distribution vary fTmn one location to anoth­
er and frmn one time to another in the smne 
location. Thorn is an ongoing discussion over the 
Inost appropriate 1netric for particle nleasure­
rnent and for mnbient standards. In addition to 
particle mass (which is currently tho parameter 
by which particle levels are regulated), particle 
nmnber or surface area may be relevant metrics 
for particulate 1natter. Depending on the parame­
ter chosen, different parts of the size distTibution 
are rrwasured. The nurrtber concentration is car­
ried by the nuclei mode particles; the surface 
area infonnation is carried by the accumulation 
mode pru·ticles (botl1 primary and secondary). 
The mass information is carried by both the 
accumulation and the coarse mode particles. 

At this time it is unclear w hethcr certain char­
acteristics of pmticles arc more closely associat­
ed with hcaltl1 effects than others, and regulatory 
action has focused on controlling the particle 
mass (both in 01nissions and in the mnbient air). 
In order to develop air quality regulations, stan­
dard reference rnethods are needed for measur­
ing particles of different sizes. Tho indicators 
that are currently being used to rrwasure PM lev­
els are PM10 and PM2.5 . 

Tho methods available for collecting and mea­
suring tho mass of PM10 ffild PM2 .5 generally 
consist of drawing the ambient particles through 
a size-selective inlet onto one or more filters 
over a given period (generally 24 hours) and 
rncasuring the 1nass on the filter by weighing it. 
There arc some performance concerns associat­
ed with the methods for collecting PM2.5. 

Curwnt samplers have limited sampling effi­
ciency and are affected by humidity, tempera­
ture, and loss of volatile material. All available 
PM samplers are currently being tested at sevnr­
al sites in Europe with the goal of solving many 
issues regaxding their perforn1ancn and develop­
ing a san1pling strategy (for example, froqunncy 
and duration of tho uwasurenwnts and location 
of tho samplers). 
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Source Apportionment 
Ongoing efforts are also being 1nado to dntnrrnino 
how tho various mnission sources contribute to 
mnbient particle levels. These efforts will assist 
in tho for1nulation of regional plans for the con­
trol of atrrwsplwric paTticulate n1atter concentra­
tions. Various approaches are being used toward 
this goal. A recent study by the TNO group (a 
Dutch research organization) ostiinatod ornis­
sions of priinary aerosols from stationary cmn­
bustion, industrial process emissions, transport, 
agricultural practices, and waste incineration by 
applying omission factors for a certain activity 
rate for the individual source groups for individ­
ual European countries. 'I'heso emission esti­
mates wore then integrated across the countries 
studied to estimate tho contribution of various 
sources to the ambient particulate levels for 
Europe. Frmn those inventories, predictions for 
futuro years can be 1nade assuming different 
extents of mnission reductions and other factors. 
Some approaches for apportioning particles to 
sources consist of cmnbining emission data 
(including size distribution and chemical cOin­
position) from various sources with atmosphnric 
transport n1odols. These models simulate atmos­
pheric transport and chemical reactions of the 
particles hom their sources to the air quality 
monitoring sitos. Another approach uses organic 
chmnical tracers techniques. Tho latter method 
relies on tho identification of organic rnolecular 
tracers that arc unique to a given source. Tho 
results of tho various modeling efforts need to be 
validated by comparing them with measured 
ambient concentrations. Generally, source appor­
tionment studios have shown that stationary 
sources (primarily coal-fired power generators), 
road dust, and other dusts are tho major contTib~ 
utors to particles in tho range of 2.5 to 10 fllll, 
and mobile sources are tho Inajor contributors to 
ultrafine and fine PM. 

Exposure 
Tho groat majority of epidmniology studies invns~ 
tigating tho association between exposure to par­
ticulate rnatt:er and nwrtality and morbidity havo 
used an1bient particle concentrations as a surro­
gate for personal exposure. The assumption that 
ambient exposure data are an adequate suxrogate 
for personal exposure to PM has not yet been val~ 
idatcd. however. To do so, we must understand 
better how tlw data for ambient levels relate to 
personal exposure, which involves varying 
mnounts of time spent outdoors for iudividual 
Jumnbors of tho population. The studies conduct­
ed so far provide smne insights about tl1is rola­
tionship, but they also point to the need for addi-

I~5 

tional research. Major information gleaned from 
those studios includes: 

Fino particles and tho components associ-­
ated with t110m penetrate indoors more 
readily than coarse particles. 
PMz.5 outside the hmne is very similar to 
that measured at tho stationary m.onitor­
ing sites. 
The association between personal expo­
sure and outdoor concentrations vary 
with both tho size fraction and the season 
and, in general, is better for PMz.5 than 
for PM10. Tho correlation is low when the 
results urn analyzed across individuals on 
a given day because of interpersonal vari­
ability, but ilnprovcs when repeated lon­
gitudinal measurements are used. 
Personal exposure to PM for nons1nokers 
is generally higher than either indoor or 
outdoor concentrations during tho day. 

Some information about ambient particle con­
centration in Europe will be obtained as a result 
of tl1o recent air quality Daughter Directive requir­
ing member states to make Ineasurements of both 
PMuJ and PM2.5. Information on chemical com­
position by size fraction and rneasumments of 
number and size distribution are also needed to 
apportion particles to their sources better. More 
data on prirnary cinissions from now tnclmologies 
and fuels, tho chemical process forming sec­
ondary aerosols,and the dynamics of ultrafine 
particles are also needed. 

Infonnation on personal exposure is being 
obtained from a number of studies sponsored 
by the European Commission in Europe as well 
as studies ongoing in the United States. Futuro 
research needs include obtaining repeated 
measurements in different subgroups of tho 
population (especially those considered more 
susceptible) and exmnining temporal variations 
in personal exposuro. 

HEALTH EFFECTS OF 
PARTICULATE MA'ITER 

Europoan and US regulatory agencies are consid­
oriug, or have recently pron1ulgated, nwro strin­
gent air quality standards for airborne PM. The 
scientific basis for these actions rests hu·gnly on 
tho results of a large body of epidemiology 
research, which has found associations between 
increases in daily and longer-term rates of mor­
tality aud rnorbidity from respiratory and cardio­
vasculaT diseases and ambient concentrations of 
PM currently prevalent in Western industrialized 
couutries. Although tho epidemiology ovidcmce 
is extensive, aspects of the epidmniology of PM 
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that could holp guiclt; regulatory action are not 
well understood. Even less well understood are 
the pathophysiologic processes that n1ight under­
lin these associations, though xnuch current 
research is ailnod at elucidating tll(-Jlll. 

The Epidemiology Evidence 
Short-term exposure to PM has been associated 
with increased daily rates of cardiorespiratory 
1norbidiiy and mortality in a largo umnber of 
studios in tho United States, Europe, and other 
locations worldwide. Associations between 
inhalable particles (PM10) and daily mortality 
have been consistently observed, and the effects 
of tho fine particle fraction (PM2_5) appear in 
some studies to be greater than tho effects of tho 
coarse fraction (i.e., those with diameters 
between 2.5 and 10 microns). Far fewer studios 
have estimated tlw association of long-term 
exposure to PM with either tho dcvelopnwnt of 
chronic cardiorespiratory disease or longer-tern1 
average mortality, 

Most studies in the United States and Europe 
have observed increased rates of Inortality from 
all natural causes, and frmn cardiovascular and 
respiratory diseases in particular, associated 
with various indices of particulate air pollution, 
but also with several gaseous air pollutants gen­
erated by the smnc sources, chiefly the combus­
tion of fossil fuels. Tho APHEA (Air Pollution 
and Health: A European Approach) study of 15 
European cities found associations of daily nlor­
tality with PM10 , but also with other indices of 
air pollution, such as sulfur dioxide (S02), ozone 
(O,.), and Black Smoke (BS, or soot). Air 
pollution-associated 1nortality varied by season, 
with larger relative increases observed in wanner 
weather. 

Over the past decade, US epidemiologists have 
made extensive use of a nationwide network of 
PM10 monitors, supported by the US EPA since 
1987, and to 1nore periodic and loss extensive 
data bases on PM2.5 and sulfates. Such resources 
have not boon widely available in Europe, but 
several recent studies have examined tlw effects 
of PM cmnponents and gaseous pollutmtts on 
1nortality. For example, a study in the 
Netherlands examined tl1o relation of PM10 , sul­
fates, nitrates, and various gaseous pollutants 
with daily mortality over a three-year period, and 
±<mnd effects for both gaseous pollutants and PM. 
Ozone harl the strongest association. Indices of 
fine PM (sulfate and nitrate) were 1nore strongly 
associated with Inortality than was PM10. A 
recent Connan study 1nadc use of a sophisticated 
n1obilo monitoring system to collect data on both 
1nass and nmnber concentrations of PM in the 

city of Erf11rt. InvcsUgators observed a stronger 
association between tho ntunber concentration of 
ultrafine particles and the frequency of respirato­
ry sy1nptoms than between respirntory syinp­
tonls and fine particle mass concentration. 

Daily 1nortality rates are strongly influenced by 
weather conditions, \t•.rhich also help dntermine 
an1bicnt air pollution concentrations. For this 
reason, epidmniologists have gone to consider­
able lengths to ensure that tho effects of weather 
have been adequately taken into nccount, and 
have not been mis-attributed to air pollution. 
Two US studies carefully explored a variety of 
statistical methods to account for the effects of 
weathor and concluded that the associations of 
particulate air pollution with daily mortality 
could not be explained by tho effects of weather. 

Studies of hospital ad1nissions for respiratory 
and cardiovascular diseases in both Europe and 
North America have consistently observed asso­
ciations with air pollution, including various PM 
indices, and gaseous pollutants sucb as ozone, 
CO, and N02. 

Although the association bctwecm daily varia­
tions in air pollution, including PM, and daily 
mortality is relatively well established, tho evi­
dence for long-term exposure to PM on 1nortality 
is weaker. Over the past decade, two US studios 
have found that low levels of PM2.5 or sulfate 
were associated with reduced survival mnong 
residents of more polluted areas, duo to increas­
es in mortality from cardiovascular and respira­
tory disease, including lung cancer. M'ore recent­
ly, a third US study observed silnilar associa­
tions, though with notable differences such as 
lower relative rates for all-cause 1nortalit:y and 
higher relative rates for lung cancer. 

The Prevailing Uncertainties in the 
Epidemiology Evidence 
Despite tho relative wealth of epidemiology data 
on PM and health, thoro arc aspects of tl10 prob­
lem that arc still not understood. Exposure 
assessment, tho effects of multiple pollutants, 
and tl1e impact of long-term exposure to PM arc 
ilnportant areas where scientific uncertainties 
exist. These uncertainties affect the interpreta­
tion of the available evidence, and limit, to vary­
ing degrees, its use in policy n1aking. 

Most epidemiology studies have used routinely 
collected data on ambient air pollution to char­
acterize the exposure of study subjects. As noted 
earlier, the extent and quality of these data arc 
variable, and data on PM components, such as 
PMz.G• may not be available or 1nay be quite liin­
ited. Evon when such data are extensive, they 
have usually been obtained frmn a single, fixed 
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monitoring site and may not accurately reflect 
the personal exposure of individuals to oither 
PM or gaseous co-pollutants, though the extent 
of tho difference is likely to vary among pollu­
tants. Correlations over time between personal 
1noasurmnents and central n1onitor values are 
stronger for PM2.5 than for PM10. The Ineasure­
Inent error that 1nay result can produce inaccu·· 
rate ostiinates of tho health effects associated 
with air pollution. Research on the effect of Inea­
suremont error suggests that under 1nost concH·· 
tions it will result- in undnrostiinatcs of tlw actu­
al effects associatecl with air pollution, though 
cmnplex correlations botwoon the measurement 
errors for Inultiple pollutants Inay produce errors 
in either direction. 

Risk factors for morbidity or mortality that are 
also associated with exposure to PM may create 
bias in epidemiology studies and distort esti­
mates of the effects of PM. This bias is termed 
COI?founding. In time-series analyses of daily 
variation in PM and health effects, time-varying 
factors such as seasonal patterns, weather fac­
tors, and other tmnporally varying events affect­
ing health may produce confounding. Modern 
statistical approaches, however, enable investiga­
tors to address those problems effectively. 
Control of confounding is a Inore serious prob­
lem in studies of long-term exposure to PM and 
chronlc disease becauso it is difficult to measure 
accurately long-term exposure to othor risk fac­
tors such as sn1oking, eliot, and occupational his­
tory, and to correctly specify their effects in sta­
tistical models. The effectiveness of control for 
confounding can be explored with sensitivity 
analyses; this is being done in reanalyses of tlw 
two major US studios of long-term exposure to 
PM and mortality. 

Particulate air pollution is always present as 
part of a n1ixture of air pollutants, and PM levels 
aro often highly correlated in time and space 
with levels of gaseous polluta11ts such as ozone, 
S02 , and N02 . Identification of the independent 
effects of PM is therefore difficult. Statistical 
models that include multiple pollutants can be 
helpful in this regard, particularly if tho correla­
tion between PM and other pollutants is relative­
ly low. Tho examination of PM effect estimates 
arnong geographical areas that differ widely with 
respect to levels of other pollutants is a particu­
larly effective analytic tool: the observation of 
relatively consistent associations with PM across 
diverse climate and air pollution conditions 
would argue for an independent effect of PM. 

If tho results of tho low studies of mortality and 
long-term exposure to PM are valid, then they 
imply that PM at low mnbient lovols is responsi­
ble for lifo-span reductions on the order of years. 
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Tho public health slgnificance of the better-doc­
unwnted association of daily variations in PM 
with daily mortality is loss clnar, however. If thn 
loss of life associated with these deaths was on 
the order of days-that is, if PM affected only 
those in whon1 death was already inuninent 
(termed indelicately tho "harvesting effect"), 
then the public health impact might not be groat. 
Research is currently underway to determine 
whether or not tho associations of PM: with daily 
mortality arc largely the result of such a harvest­
ing effect. 

Tho current epidemiologic data do not indicate 
an ambient concentration of PM below which no 
effects are found, a so-called threshold. Whether 
this reflects a linear exposure-response relation, 
or simply the limitations of epidemiologic meth­
ods, is unclear. Some argue that the concept of a 
"threshold" has no 1noaning at tho population 
leveL As a practical matter, tho size required for 
a study that could measure accurately the shape 
of the exposure-response relation at low levols of 
exposure and small relative effects n1ight well 
render it infeasible. 

The association of short-term exposure to PM 
with acute cardiorespiratory effects has been 
replicated in studies of diverse populations 
worldwide. This gives some confidence that 
those results may be broadly applied to other 
populations that may not have been studied, 
even without a detailed knowledge of the 
underlying biologic mechanisms. Tho same can­
not be said for our current knowledge of tho 
effects of long-term exposure to PM on mortali­
ty, which is based on limited observations in 
the United States. 

The Current Understanding of 
Pathophysiologic Mechanis!IIll 
It is by no rrwans clear how exposure to 
low ambient mass concentrations of PM 
might produce tho health effects observed 
in epidmniology studios and whother certain 
attributes of PM may be more closely associated 
with these effects. Tho leading hypotheses 
regarding the role of particle characteristics that 
are being investigated include 1netal content, par­
ticle size, and particles as carriers of other toxic 
compounds (such as gases or biological toxins 
frmn bacteria and pollen, etc.). Transition Inctals 
(such as Fe, Cu, Ni, Co, Mn, etc.) have hoon 
hypothesized to be associated with effects 
because they can cause the production of hydr()),J!l 
radicals, which are considered to be toxic to the 
cells. Another hypothesis is that ultrafine particles 
are n1orn toxic than larger particles because they 
deposit efficiently in the alveolar region and can 
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penetrate tl1o lung epithelium. Last, it is possi­
ble tbat particles may carry potentially toxic 
gases or toxins into the deep lung, thus increas­
ing the risk of cellular damage. 

Epidemiology has helped !iJcus toxicology 
research on several groups that n1ay be at 
increased risk of adverso effects of exposure to 
particulate air pollution. These include persons 
with severo heart and lung diseases, individuals 
with asthma, and perhaps (more generally) the 
olderly and children. Together those groups 
would comprise a large pool of susceptible peo­
ple in most developed Western societies. 

The Inechanis1ns by which low levels of PM 
nright cause death or exacerbate disease in those 
with cardiovascular or respiratory illness have 
not been determined, but several have bonn 
hypotlwsizod. One general mechanism is pro­
duction of infhnnmntory 1nediators that could 
cause a cascade of physiologic reactions that, 
directly or indirectly, precipitate cardiopul­
Inoncuy effects. For oxmnple, these mediators 
could exacerbate pre-existing lung disease (by 
ilnpairing gas exchange), or increase plasma vis­
cosity and the coagulability of tho blood (by 
increasing fibrinogen, Factor VII, and plasrnino­
gon activator inhibitor). This could in turn trig­
ger changes in the electrical activity of tho heart, 
resulting in altered cardiac rhythm and/or repo­
larization and possibly leading to heart attacks, 
arrhythmias, or other coronary events. Particles 
1nay also directly or indirectly affect the nerves 
involved in regulating ilie heart and thus alter 
cardiac function. Other models for pulmonary 
effects of PM exposure include increased sus­
ceptibility to infection via effects on the lung's 
mucociliary clearance mechanism, by increasing 
adhesion of bacteria to epithelial cells, by im­
pairing tho activity of pulmonary macrophages, 
or by impairing specific or non-specific ilnmune 
function. Although a number of studies are 
investigating different mechanistic hypotheses, 
thus far there is insufficient information point­
ing to a specific mechanism of action of PM. 

ONGOING RESEARCH 

Much research is being carried out both in 
Europe and the United States to address some of 
tho needs regarding particulate matter. Several 
exposure assessment studies are being conducted 
in different locations with the goal of character­
izing Lhc personal exposure of potentially sus­
ceptible groups of tho populations. A number of 
experimental and opidmniology studies arc lnDa­
suring health effects in potentially susceptible 

groups and tho 1nechanisnrs by which particles 
rnay cause the effects observed in the earlier epi­
demiologic studies. Experimental studios (botb 
in animals and in humans) are also investigating 
the role of diffHrent particle characteristics (such 
as the role of metals, acidity, and size) in caus­
ing effects. Results of sm11e of these studios are 
available; others are likely to be available in the 
next few years. An ilnportant feature of smnc of 
the epidmniology and exposure assess1ncnt 
studies is that they are multicenter studies that 
allow the investigators to take advantage of dif­
ferences in pollutants mix and socioeconomic 
conditions in different locations. The universe 
of PM studios is being inventoried and tracked 
on an internet web site maintained by BEL 

OUTSTANDING QUESTIONS AND 
GAPS FOR zm:m AND BEYOND 

As described above, recent actions by boili 
the European Union and the United States to 
tighten the regulation of mnissions of particulate 
rnatter have increased tho need for scientific 
information to improve decisions as efforts 
move forward to control en1issions. Infonnation 
is needed in a number of areas, including atnws­
phcric concentrations, population exposure, 
effects of different components of the PM mix­
ture, and the magnitude of lifo-shortening and 
other potential public health implications of 
exposure to PM. 

A nurnber of national and international agen­
cies have been identifying and undertaking 
research to fill kay data gaps for PM in order to 
moot botl1 ncar-term (2003) and longer-term 
needs of decision makers for information. In 
Europe, the European Union is working in 
concert with tho member states and the ) oint 
Research Centro to establish a common 
European monitoring system to monitor popula­
tion exposure to PM10 and PM2.5 for the purpos~ 
es of measuring compliance with EU limit val­
ues, improving the database for source appor­
tionment (and action plans), and assessing expo­
sure for health effects research. Altlwugh this 
will provide some important pieces of inform.a­
tion for compliance assessment and source 
apportionment, there are challenges for conduct­
ing f11ll-source apportimnnent, including idc-mti­
fying and understanding secondary sources, m1d 
for conducting monitoring that is directly useful 
to health effects research (for example, monitor­
ing for particle sizes smaller than PM2.5). 

In both the United States and Europe, efforts 
are underway to set priorities for PM research. 
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Tho National Acndmny of Sciences in the UnHnd 
States has established a Committee for Research 
Priorities on Airborne Particulate Matter that is 
charged to estalJlish rosea.rch priorities for PM for 
the near term and long tcrrn, and to oversee nnd 
advise on tho conduct of that research for five 
years. In its initial report, the Committee identi­
fied 10 highest priority research areas and a port­
folio of research investnwnts to be made over the 
next 14 years to answer key questions on: 

1. Outdoor measures of air pollution versus 
actual hn1nan exposure 

2. Exposure of susccptiblo populations to 
toxic PM subcomponents 

3. Source-receptor measurcn1ents 
4. Application of methods and models 
5. Assessment of hazardous PM co1nponents 
6. Dosimetry: deposition and fate of parti­

cles in tho respiratory tract 
7. Combined and long-term effects of PM 

and gasoouB co-pollutants 
8. Susceptible subpopulations 
9. Mechanisms of injury 

10. Analysis and measurernent 

In Europe, the European Science Foundation 
Progrmnme on Environment and Health 
(ENHE) through an initiative with WHO, the 
European Com.mission, and National Research 
Organizations has identified eight high-priority 
areas for research: 

1. Source apportionment of PM in indoor 
and outdoor air 

2. Characterization of European air quality 
and of personal exposure 

3. Toxicological and clinical studies of acute 
and chronic respiratory and cardiovascu­
lar responses to PM 

4. Epidemiology studies on the effects of 
long-term exposure 

5. Fonnulation of a set of policy scenarios 
for PM and its public health impact 

6. Formulation of a meaningful set of health 
impact indicators for PM 

7. Evaluation of efficacy of previous and 
current regulatory approaches 

H. Evaluation of risk managmncnt in difl'er­
nnt economic growth scenarios 

To address these irnportant research prioritios, 
research programs are underway on both sides of 
tho Atlantic. Tho European Commission Fifth 
Frmnework Prograrnmc is moving ahead with a 
substantial investlnent in its Envirmunent and 
Health Key Action within tho Quality of Lifo 
Program (160 million Euros over five years) as 

l-9 

wol1 as related research in the Enviromnent and 
Sustainable Dovelopn1en1 Key Action of tho 
Energy, Environment, and Sustainabln 
Dovelopnwnt Growth Progrmnmo. Portions of 
those f11nds are likcl y to 'be awarded, through 
cmnpetitivo processes, to fund ilnportant 
rosomch on PM. In tho United States, tho US 
Environnwntal Protection Agency is investing 
$45 to $50 million per year (45 to 50 million 
Euros) on PM research. Thoro are also opportuni-· 
lies for public-private partnerships to fund high­
priority research. 

SUMMARY 

As a result of air pollution policy debates and 
regulatory action in both the European Union 
and the United States, there is growing interna­
tional interest in and attention to the health 
nffects of particulate matter. Although them 
are many diverse parties with interest in these 
questions, it is apparent that they share a cmn­
mon interest in pursuing cm·tain key questions 
about PM: 

Exposure 

Improving monitoring of PM10 and PM2.5 
for both compliance monitoring and 
health research purposes 
Better understanding tho rolationshi p of 
outdoor PM to personal exposure 
Enhanced tools for source apportionrnent 
of both primary aud secondary PM 

Health Effects 

Understanding tho compmative toxicity of 
different components of the PM mixt uro 
(ultrafines, metals, etc.) 
Investigating the biological rnochanisms 
that might cause effects 
Identifying sensitive subpopulations (chil­
clrcn, elderly, etc.) 

Risk Management 

Better tools for assessing the rnagnitude of 
lifo-shortening and other rneasures of pub­
lic health impact 
Consistent Inothods for evaluating and 
applying msults h·om one country in other 
countries 

Tho conference presented in this Con1mun­
ication started the process of bringing all 
parties tognthnr to understand the extent of our 
currcmt knowledge on tho health effects of PM 
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and to identify directions for futuro research. As 
part of tho European Commission DG XI Clean 
Air for Europe Progrmrune, this dialogue will 
continue in tho fall of 1999 with an additional 
workshop on tho sources and control techno] a-

gics for PM, and with subsequent workshops in 
2000 and beyond to bring all parties together 
regularly to hear and assess tl1e latest informa­
tion on health effects and other aspects of PM. 
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9:30 Registration 

Opening session 

Chair: Prudencio Pen'Jnl, European Cmnmission, DG XI 

10:00 

10:20 

11:10 

Opening comments and welcome from the European Parlimnent 

Prudencio Perera, European Commission, DG XI; Daniel Greenbaum, Health Efhlcts 
Institute; and Christian Farrar-Hockley, Assistant to Anita Pollack, Member of 
European Parliament (United Kingdom) 

European Union and US regulatory contexts 

Lynne Edwards, European Commission, DG XI, and William Harnett, Environmental 
Protection Agency, United States 
Overview ofthe current European PM Daughter Directive and US PM Ambient Air 
Quality Standards, the scientific basis for tho different regulatory decisions, futuro 
regulatory tilno lines, and key policy questions. 

Particle formation and characterization 

Marlin Williams, Department of Environment, United Kingdmn 
Overview of particle formation, characteristics, and size distribution (both primary 
and secondary); and particle levels, trends, and transport in Europe. 

What are people exposed to and where do partides come from? 

Chairs: Giovanni Angeletti, European Commission, DG XII; and Jlobert Sawyer, University of 
California at Berkeley, United States, and University College of London, United Kingdom 

11:50 

12:15 

Relationship hetween personal exposure measurement and ambient concentrations 

Petros Koutrakis, Harvard School of Public Health, United States 
An overview of tho current understanding of the relationship between ambient 
concentration and personal exposure. This information is important to understand 
tho results of the epiden1iology studies, which have relied on data on ambiont 
PM concentrations collected at central n1onitoring sites as surrogates for personal 
exposure. 

Capabilities and limitations of available particle measurement technologies 

Emile De Saeger, Joint Research Center ISPRA, Italy 
A discussion of the technologies available for characterizing particles in ambient 
air in terms of size m1d composition. Issues to be addressed include effects of cold tempera·· 
turos, nitrate los8, black sn10ke versus PM, network consistency, health versus 
compliance issues, and US and European rofnrnnco n1ethod8 for PM10 and PM2.5. 
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12:40 

13:00 

14:30 

15:10 

Discussion 

Lunch 

The Health Eff(,cts of Fino Particles: Key Questions and tho 2003 Review 

Apportioning particles to their sources 

Information on the rcsnlts of ongoing efforts to develop and validate n1odols to 
apportion prirnary and secondary particles (and their Inajor constituents) to specific 
transport, stationary and other sources. 

Particulate 1natter ernission estimates for several European countries 
fan Berdowski, 1NO Institute, 11w Netherlands 

Characterization and source apportionment of airborne particles 
Glen Cass, Calij(!rnia Institute of Technology, United States 

Discussion 

What is known about the health effects of PM? 

Chair: !loss Anderson, St. George's Hospital Modica! School, United Kingdom 

15:30 

16:00 

16:20 

16:45 

17:15 

17:30 

19:00 

Summary of the results of the epidemiology studi"s of acute and long-term effects 

Bert Brunekreef, University of Wageningen, Tho Netherlands 
An ov(nvicw of the epidemiology studies that have found an association between 
exposure to ambient particulate matter and increases in 1nortality and 1norbidity, 
including a discussion of differences in findings between European and US results. 

Gaps and uncertainties in the epidemiology studies 

Michal Krzyzanowski, World Health Organization Bilthoven, The Netherlands 
A discussion of the major issues that affect tho interpretation of tho epidemiologic 
results to date, including major outstanding confounding variables, tl1c role of other 
pollutants present in the atxnosphcre, the impact of exposure measureinent nrrors, 
and the extent of reduction in life span. 

Discussion of the epidemiology studies 

Current state of knowledge about how particles might cause health effects 

Mark Utell, University of Rochester, United States 
A discussion of tho current mechanistic hypotheses that might explain the 
epidemiology findings. 

Sun1mary and introduction to poster session 

Reception and poster sm;sion New PM research results fron1 Europe and the USA 

Adjourn 

FRIDAY 15 JANUARY 

What new research results are emerging? 

The goal of this session is to present recent results of PM studios and to discuss the role of multi­
cantor studios in air pollution research. The topics highlighted arc susceptible populations and 
particle characteristics because an understanding of these issues will affect future regulations. 

Chairs: Ilobert Maynard, Department of Health, United Kingdom; and Bernd Seifert, 
Umweltbundosamt, Germany 

9:00 Whkh groups of the general population may be at increased risk of exposure to I'M'i 

BertBrunekreej; University of Wageningen, The Netherlands !children] 
Fmnk Speizer, Harvard. School of Public Health, United States !people with cardiac 
disease] 
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Leendert van Bree, Rijksinstituul voor Volksgezondhoid en Milieu, The Netherlands 
[prirnary versus secondary particles] 
I-f-Erich Wichmann, GSF- Forschungszentrun1 fiir U1nwolt und Gesundheit, Gennany 
]role of ultra fine particles] 

Break 

The role of multicenter studies in air pollution research 

Klea Kotsouyonni, University of Athens, Greece ]APHEA 2] 
Jonothan Samet, Johns Hopkins University, United Stales ]NMMAPS] 
Matti fantunen, National Public Health Institute, Finland ]EXPOLIS] 

Concluding remarks 

Lunch 

Outstanding questions and gaps for 2003 and beyond 

Tho goals of this session are to discuss key research planning efforts undertaken to date, incorpo­
rating nspccts of presentations rnadc previously as appropriate, and encourage a dialogue on the 
key outstanding questions about fine particles in Europe that are expected to be most relevant to 
the 2003 review and those that should be addressed in the longer term. 

Chairs: Daniel Greenbaum, Health Effects Institute, United States, and Holaf van Leeuwen, World 
Health Organization Bilthoven, The Netherlands 

14:00 

14:25 

14:45 

15:10 

15:30 

15:50 

16:30 

1(;,45 

17:00 

National Academy of Sciences (US) PM research recommendations 

Jonathan Somet, Johns Hopkins University, United States; (NAS Committee chair] 

Setting up a monitoring network in Europe: Anticipating key needs for PM 
characterization and source apportionment 

Peter Bruckmann, Landosumweltarr1t, Germany 

The European Science Foundation Programme on Environment and Health (ENHE) 

Charlotte Braun-Fahrliindei; University of Basel, Switzerland 

The European Commission Fifth Framework Programme 

Kirsi Jlaavisto, European Cmnmission, DG XII 

Invited comments: What arc tho priority research questions relative to public healtl1 
and regulation? What can be accon1plished in tin1n to inform the 2003 review'? 

Frazer Goodwin, European Federation for Transport and Environn1ent, Belgil1n1 
Miclwel Spallek, Volkswagen AG, Germany 
Wim Tordoiz; CONCA WE, Belgium 

Open discussion with the audience 

Summary: Needed research to infOrm regulations 

Closing remarks: Where does the Commission go from here? 

Lynne Edwords, European Commission, DG XI 

Adjourn 
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