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EU REGULATORY POSITION ON AIRBORNE PARTICLES

Andrej Kobe'
!Directorate-General Environment, European Commission, Brussels, EU

ABSTRACT

European air policy has dealt with particulate matter for decades, but has also seen some
important developments in the last few years. While the Thematic Strategy on Air pollution in
2005 outlined EU objectives by 2020 and Community measures needed to achieve them, the
recently adopted Directive 2008/50/EC merged and streamlined the existing directives and
introduced objectives and standards for fine particulate matter PM,s, including a novel
exposure concentration obligation and the exposure reduction target. With the review

scheduled in 2013 the focus is now on implementation.

While the air quality directives are covering 12 regulated pollutants, with even more
pollutants explicitly addressed through monitoring provisions, particulate matter currently
represents the principal focus of the implementation, enforcement as well the public attention.
There are several factors at play: recognized severity of the PM impacts on health, limited
success in addressing the airborne particles in the last decade leading to widespread
exceedances of PMy, limit values across EU, and the complexity of contributing sources
which makes PM abatement very challenging.

The presentation is outlining the process and the main outcomes of the CAFE process related
to particulate matter, leading to the new ambient air quality Directive proposal and a number
of activities at the Community level to address particle and particle precursor emissions at
source. A critical update of these activities that include revision of IPPC Directive on
industrial installation, status of the revision of the national emission ceilings Directive, new
vehicle emission standards, international negotiations on quality of fuels etc. is provided,
together with the outline of some of the ongoing studies that should inform further EU policy
initiatives. Role of current climate change negotiations and the EU climate policy in general

will also be put in perspective of achieving community objectives on airborne particles.

The EU ambient air quality legislation has always recognized the need for action taken also at

the national, regional and local level, where compliance with the limit values may be



compromised. The late development and implementation of air quality plans as manifestations
of tailored local air management solutions has been recognized to be one of the major
contributing factors in the widespread exceedance of PMjo limit values by its original
attainment date PMjo, and this has been reflected in the provisions of the new Directive

2008/50/EC on ambient air and cleaner air for Europe.

Major elements of the Directive as related to the particulate matter are presented, some in
detail: new PM, 5 standards and objectives, Art. 22 procedure on time extensions, deduction
of natural contributions, winter sanding and salting, new monitoring and reporting provisions
and related QA/QC requirements, and changes related to the assessment of compliance with

the limit value.

A comprehensive review of the situation is given through the background and objectives, final
legal provision, current implementation status and known challenges under these points.
Wider context of the AQ legislation implementation and enforcement, including the ongoing
research and the development of supporting activities such as SEIS, atmospheric GMES
services and FAIRMODE - Forum of air quality modellers in Europe is also provided.

Presentation concludes with identification, from the regulatory/policy perspective, of major
gaps in the understanding/addressing the particulate matter, outlining some explicit plans for
the upcoming revision of EU regulatory provisions related to the particulate matter in the next

several years.



SOURCE APPORTIONMENT OF PM

Querol X., Viana M., Alastuey A., Moreno T., Pandolfi M., Amato F., Pey J.
Institute of Environmental Assessment and Water Research, CSIC, Barcelona, SPAIN

ABSTRACT

Wide variations in PM levels and characteristics may be expected when considering
different EU regions such as Southern Mediterranean and the Scandinavian countries, with
very different emission, climatologic and geographical patterns.

For small scale evaluation of sources contributing to ambient PM levels direct
modelling may have limitations given that the variability of PM contributions may change in
scales of tens of metres. Furthermore, the contributions of some natural sources (such as soil
resuspension or African dust) to PM levels measured at a receptor site may be also difficult to
be precisely quantified by direct modelling.

In the direct modelling, modules on emission inventories, dispersion models (such as
Lagrangian trajectory models), and atmospheric reactions and transformations are coupled to
simulate aerosol emission, formation, transport and deposition. Although these models may
yield results consistent with the experimental data, they require a detailed emission inventory
that is not always available.

Source apportionment analysis based on the experimental data treatment measured at a
receptor site may be a very useful tool to evaluate the different natural and anthropogenic
contributions to bulk PM levels measured in ambient air. To this end there are a number of
techniques that may be used, and results may vary accordingly to the methodology used.
Despite some limitations, these techniques allow identifying and quantifying the major source
contributions to ambient PM levels. The major limitations arise from the fact that these tools
interpret the contributions present in the atmosphere, and these some times may be the result
of a combination of sources and not a single source. For example, many receptor modelling
studies identify sources that are defined as ‘secondary sulphate’ or ‘secondary nitrate’, being
these modes of occurrence of secondary inorganic aerosols instead of actual sources.
Furthermore, sometimes the sources have co-linear chemical emission profiles and the
quantification of the contributions of such sources may be difficult, or obtained with high
uncertainty.

In spite of the above limitations, source apportionment based on the treatment of data
obtained at receptor sites is a very useful tool, and thus widely used by many research groups

and air quality managers. These techniques may be classified according the following main



groups: a) methods based on numerical data treatment, b) methods that use of specific tracers,
c) receptor modelling. From the experience we have gained in Spain on this matter we
describe below the methods we use for source apportionment based on ambient data

treatment.

a) Methods based on the evaluation of monitoring data. This is a straightforward approach
in which basic numerical data treatment is used to identify main sources of measured
components. Examples are:

a.1) correlation of wind direction with levels of measured components to identify the
possible location of major sources;

a.2) correlation of gaseous pollutants (tracing a major emission source) with PM
components to identify source associations; or

a.3) subtraction of levels measured at regional background to those levels obtained at
urban background and/or roadside sites to identify the contributions form the regional
background, the city background and the load from the monitored street (see Lenschow et al.,
2001 as an example).

The main advantage is the simplicity of the methods and the consequent low impact of
mathematical artefacts on the data treatment.
b) Use of specific tracers identifying the main sources. Examples are the use of scanning
electron microscopy or x-ray diffraction to identify the cause of specific PM events types
based on morphology and composition of particles or the occurrence of minerals. We did this
type of analysis in many court studies, specially around harbours (with bulk discharges) or
industrial sites (cement manufacture, smelters,...). Another example of this strategy is the use
of *C to trace the origin of biomass or fossil fuel combustion (Szidat et al., 2006).
¢) Receptor modelling techniques are based on the evaluation of PM chemical data acquired
at receptor sites, and most of them do not require previously identified emission sources
(Hopke et al., 2006, Viana et al., 2008). These types of models have played a key role in the
evaluation of PM sources with respect to national air quality standards in certain countries. In
the United States, the Chemical Mass Balance model (Wilson et al., 2002) has been widely
used, whereas in Europe receptor modelling techniques have been mainly based on
methodologies that do no require chemical profiles from source emissions (Pio et al., 1996;
Vallius et al., 2005; Viana et al. 2008, among others), although the chemical mass balance
analysis is also being applied (Pandolfi et al., 2008). The main limitations of the multivariate
models are: ¢.1) not all emission sources are discriminated by the method, but only those with



a significant influence on the variance; c.2) the stability and production rate of secondary PM
components such as sulphate, nitrate, ammonium, or organic carbon may strongly vary along
the different seasons in a year and this may results in the identification of artefact source
chemical profiles, and c¢.3) some models may yield negative contributions (PCA). Comments
are made on the types of available receptor modelling tools such as PCA-MLR, PMF,
UNMIX, CMB and on the COPREM (Wahlin, 2003) and Multi-linear Engine (Paatero, 1999)
tools that may be hybrid.

According to Viana et al. (2008) studies throughout Europe carried out from 1980s
agree on the identification of four main PM source types: a vehicular source (traced by
carbon/Fe/Ba/Zn/Cu), a crustal source (Al/Si/Cal/Fe), a sea-salt source (Na/Cl/Mg), and a
mixed industrial/fuel-oil combustion (V/Ni/SO,*) and secondary aerosol (SO,/NOs/NH.")
source. Their contributions to bulk PM levels varied widely at different monitoring sites, and
showed clear spatial patterns in the cases of the crustal and sea-salt sources. Other specific
sources such as biomass combustion or shipping emissions are also identified, and may
contribute significantly to PM levels.

Finally, a few cases on the application of receptor modelling to solve air quality
problems are presented: a) a specific case for high arsenic concentrations, and b) the complex
quantification of road dust contributions.
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COMPLEMENTARY SOURCE APPORTIONMENT FOR PM USING
THE LENSCHOW APPROACH, POSITIVE MATRIX
FACTORISATION AND THE POTENTIAL
SOURCE REGION CONTRIBUTION FUNCTION

U. Quass, A. John, and T.A.J. Kuhlbusch
Air Quality & Sustainable Nanotechnology, IUTA, Bliersheimer Str. 60, D-47229 Duisburg, Germany

ABSTRACT

In order to establish effective measures to reduce PM10 concentrations the contribution of
various sources and the regional origin of PM components have to be known. This
information can be obtained by various source apportionment methods. Among these, the
approaches according to Lenschow et al (2001) and Positive Matrix Factorisation (PMF),
developed by Paatero et al (1997) are two of the most frequently applied (Viana et al, 2008).
The Lenschow approach combines the increments of PM and its chemical composition
observed between sites located in different “region types” (regional/rural, urban and hot-spot)
with suitable emission inventories to identify the contributions of emission sources to the
respective PM level. Quantitative contribution can be obtained for all sources included in the
inventories, but unknown sources remain undetected and may bias the resolved ones.

Positive Matrix Factorisation (PMF), by contrast, is based entirely on measured ambient
concentrations. These are subjected to a multivariate statistical evaluation that groups PM
compounds according to their temporal correlation into source factors which consequently are
assigned to sources or source processes. By this approach, also sources usually not included in
emission registers (like natural processes or transboundary influences) can be detected.
However, the source resolution highly depends on the size of the available data matrix and
without further information no statement on spatial origin can be made.

Recently, PMF results have been combined with backward trajectory analyses to relate the
source factors obtained for a measurement point to spatial parameters and thus provide an
additional plausibility check of assigned sources/source projects [Xie and Berkowitz, 2006].
This method, based on the so-called “Potential Source region Contribution Function” (PSCF,
Ashbaugh et al., 1985) provides a geographical map of areas that appear to be of predominant
influence on the air masses approaching on days with particular high factor contributions.

In a project commissioned by the Hesse State Agency for Environment and Geology (HLUG)
the Lenschow and PMF method (USEPA model, 2005) were applied in combination to obtain
source contribution information for the area of Frankfurt/Main. The basic data (from

measurements and inventories) and results will be presented and compared. PSCF modelling



will be introduced and results obtained by different calculation procedures will be shown and

discussed.

References

Ashbaugh, L.L., Malm, W.C., Sadeh, W.Z., A residence time probability analysis of sulfur concentrations at
grand canyon national park. Atmospheric Environment 19, 1263-1270, 1985.

Lenschow, P, Abraham, H.-J., Kutzner, K., Lutz, M., Preuf3, J.D., Reichenb&cher, W.; Some ideas about the

sources of PM;g, Atmos. Env. 35, 23-33, 2001.

Paatero, P., Least squares formulation of robust non-negative factor analysis Chemometrics and Intelligent
Laboratory Systems 37, 23-35, 1997.

USEPA 2005. http://www.epa.gov/heasd/products/ pmf/pmf.htm

Yulong Xie, Carl M. Berkowitz, The use of positive matrix factorization with conditional probability functions
in air quality studies: An application to hydrocarbon emissions in Houston, Texas. Atmospheric Environment
40, 3070-3091, 2006.

Viana M, Kuhlbusch TAJ, Querol X, Alastuey A, Harrison RM, Hopke PK, Winiwarter W, Vallius M,
Szidat S, Prevot ASH, Hueglin C, Bloemen H, Wahlin P, ZecchiR, Kasper-Giebl A, Maenhaut W,
Hitzenberger R, Source apportionment of particulate matter in Europe: A review of methods and results.
Aerosol Science 39(10):827-849, 2008.



QA/QC OF PARTICLE SPECIATION MEASUREMENTS

Theo Hafkenscheid
RIVVM, Netherlands

ABSTRACT



LINKS BETWEEN URBAN AMBIENT
PARTICULATE MATTER AND HEALTH
— A TIME SERIES ANALYSIS OF PARTICLE METRICS

R W Atkinson®, GW Fuller?, HR Anderson', R Harrison®, B Armstrong®

1 - Department of Community Health Sciences, St. George’s, University of London, Cranmer
Terrace, London. SW17 ORE
2 — Environmental Research Group, King’s College London, 4" Floor, Franklin Wilkins
Building, 150 Stamford Street, London. SE1 9NH

3 — Division of Environmental Health and Risk Management, School of Geography, Earth &
Environmental Sciences, University of Birmingham, Edgbaston, Birmingham. B15 2TT

4 — Public and Environmental Health Research Unit, London School of Hygiene and Tropical

Medicine, Keppel Street, London. WC1E 7THT

ABSTRACT

There is convincing epidemiological evidence that inhaled particulate matter in the
outdoor air is associated with adverse health effects. This evidence comes from
epidemiological studies of acute and chronic health effects from both short term and

long term exposure to air pollution.

Particulate matter is a mixture of particles of varying size, number and composition
and the nature of this mixture varies according to emission sources, secondary
chemical reactions in the atmosphere, weather conditions and other factors. For the
protection of public health it would be desirable to know which component of the
particulate mixture to target with regulation. However, knowledge about this is
limited. The pollutants of most concern are those that are derived from combustion
sources, but it is not clear to what extent health effects are caused by those directly
emitted from combustion sources (primary particles) or those formed by complex
chemical processes in the atmosphere which may have occurred many miles away
(secondary particles). In size terms, particles less than 10 microns in diameter are of
most concern since these can penetrate the deep airways (PMy). However, this
metric encompasses two fractions which differ in source and size: 1) the fine fraction
usually measured as PM;s and derived from combustion sources and gas to particle
conversion processes (i.e. formation of sulphate, nitrate and secondary organic
carbon) and 2) the coarse fraction usually measured as PMjo25 which includes

particles from non-combustion sources (such as wind-blown dust) which differs in



composition and, probably, health effects. Ultrafine particles (PMg1) comprise the
greatest number but the least mass and it has been postulated that this fraction may be

important for health effects.

Much of the evidence for an adverse health effect of short term exposure to outdoor
air pollution comes from time series studies. Daily concentrations of pollutants
measured at a number of community monitors in a city are related to daily changes in
health indices in the city such as daily numbers of deaths and admissions from
specific diseases. It is known from previous time-series studies in London that
particles, measured as PMj, and black smoke show short-term associations with
increases in daily counts of mortality and hospital admissions. In recent years a
number of newer and potentially more informative metrics have been introduced,
including components of PMj, such as carbon, sulphate or nitrate, size fractions such
as PM2s, PM1g.25 and particle number concentration. This provides an opportunity to
carry out new time-series analyses to identify which component is most important for
health effects. These results would then inform policy for the protection of public
health.

The project “Links between urban ambient particulate matter and health — A time
series analysis of particle metrics”, funded by DEFRA, comprised two parts. The first
part of this project was to analyse, using time series methods, the health effects of
various particle metrics within London. This analysis aimed to identify which of the
particle metrics are most important for health impact considerations. The particle
metrics studied were: carbon (total, organic and elemental), anions (nitrate, sulphate
and chloride), gravimetric PMy, PM,5s and PMyg.2 5, particle number concentrations
(PNC), modelled particle source apportionment, TEOM measurements for PM;o and
PM;s, black smoke and for a limited period particle measurements made using
FDMS (Filter Dynamic Measurement System) samplers. Daily numbers of hospital
admissions and deaths in London for respiratory and cardiovascular causes were
studied. Data were assembled for the period January 2000 to December 2005

inclusive.

This type of ecological analysis studies daily indicators of mortality and morbidity in

a population in relation to pollution exposure measures derived from a small number



of community monitors. These pollution measurements do not indicate individual
exposures and this can lead to exposure measurement error that will be reflected in
lower health effect estimates. This is of particular relevance in this study since the
particle metrics under investigation are not widely measured across London. To
further understand what the implications of this issue might be the second part of this
study was an analysis of published results and data from the EU-funded RUPIOH
project to examine the relationship between central site measurements and personal

exposure to various particulate matter metrics.

In this presentation the principles involved in time series studies will be described
followed by a summary of findings from the peer reviewed literature. The details of
the time series component of the DEFRA funded project will then be described and an

outline of provisional findings from the study given and discussed.



REDOX ACTIVE METALS AS DETERMINANTS
OF AIRBORNE PARTICLE TOXICITY

Dr lan S Mudway
King’s College London

ABSTRACT

Ambient air contains a range of pollutants, the exact combination of which varies
dependant on source from one microenvironment to the next. Many of the individual pollutants
that make up this ambient mix are free radicals, such as NO,, or have the ability to drive free
radical reactions, such as, ozone and ambient particulate matter (PM). As a consequence,
exposure to a wide range of air pollutants has the potential to give rise to oxidative stress within
the lung, a potential that has now been demonstrated both in vitro and in vivo. This observation,
together with the close mechanistic linkage between alterations in cellular redox and the
induction of inflammation has lead to the development of the oxidative stress paradigm. This
hypothesis states that the toxic potential of inhaled xenobiotics and particularly ambient PM is at
least in part a function of their capacity to cause oxidative stress at the air-lung interface. Inhaled
particles can cause oxidative stress in vivo through three inter-related pathways: First, by the
direct introduction of oxidising species into the lung, such as redox active transition metals or
quinones absorbed on the particle surface. Second, by introducing surface absorbed PAHSs that
can undergo bio-transformation in vivo into reactive electrophiles and quinones through the
action of the cytochrome P450, epoxide hydrolase and dihydrodial dehydrogenase detoxification
pathway, and finally by stimulating inflammatory cells to undergo the oxidative burst, hence
triggering a secondary wave of reactive oxygen species generation. In healthy individuals the
potential of inhaled particles to induce oxidative injury is limited by endogenous antioxidant
defenses, many of which are inducible upon the imposition of an oxidative challenge . Hence,
the capacity of ambient PM to elicit injury represents a function both of their inherent pro-
oxidant and pro-inflammatory properties, but also the robustness of an individual’s antioxidant

defenses.

To quantify the oxidative potential of ambient PM, as well as to address the components
driving the observed activity, our laboratory has established an array of'in vitro screening

systems, based on modeling the initial reactions of inhaled PM at the air-lung interface (Zielinski



et al., 1999, Mudway et al, 2004). As the surface of the lung is bathed in a thin agueous
compartment, known to be richly invested with antioxidants, the respiratory tract lining fluid
(RTLF) our models are based on either synthetic analogues of this compartment, or actual human
RTLFs harvested from healthy subjects by bronchoalveolar lavage. Using these models we can
examine the extent to which PM depletes antioxidants with time under physiological conditions
(37°C, pH7.4) to provide a quantitative and physiologically relevant output of their oxidative
activity, effectively integrating a wide range of \PM characteristics into a single toxicologically
relevant endpoint. Further characterization of PM oxidative activity can then be achieved
through co-incubations with selective metal ion chelators such as ethylenediaminetetraacetic
acid, desferral and diethylene triamine pentaacetic acid, as well as free radical enzymes
superoxide dismutase and catalase and the hydroxyl radical scavenger dimethyl sulfoxide.
Determination of antioixidant depletion using these models provides a robust, rapid and highly
repeatable acellular screening method for obtaining quantative meausres of PM oxidative
potential on an equal mass basis. To date we have utalised these methods to screen ambient
PMio, PM; 5, PMg1-25 and PM;5.10 Samples and have recently completed the first detailed within
city assessment of PM oxidative potential in London, that has revealed both roadside and urban
increments in activity, largely attributable to the particulates content of redox active metal
derived from non-exhaust sources. In this presentation I will outline these studies and discuss
the contrinution of redox active metals to the oxidative activy observed. The capacity to
discrimiate between different metals though the use of a panel of chelators in this model will also

be discussed, as will the relationship between total and bioavailable metal pools in vivo.



SPECIATION OF AIRBORNE AND DEPOSITED
PARTICLES IN THE NETHERLANDS

Ronald Hoogerbrugge, Eric van der Swaluw;
National institute for Public Health and the Environment;
Laboratory for Environmental Monitoring

ABSTRACT

The composition of airborne particles has been measured in The Netherlands in the
National Air Quality Monitoring Network both in airborne Particulate Matter (PM) and in
wet deposition for 20-30 years. The historical data set, in general, shows decreasing levels.
The relative reduction of, for example for lead, is larger than the relative reduction in wet
deposition which suggests that there are differences in origin/sources. In addition to these
permanent monitoring activities intensive composition campaigns were organized in 1998-

1999 and last year.

Introduction And Sampling Techniques

Constituents of airborne and deposited particles are continuously measured in the National
Air Quality Monitoring Network (NAQMN) for a long period. The results presented in this
paper generally shows measurements from the last 15-20 years. The measurement
techniques were state of the art for the main part of the period. The characteristics of the
sampling techniques have been determined and show, compared to modern PMy, and PM3 5
samplers, rather a flat cut off. Typically the secondary inorganic aerosol (SIA) show a cut
off at 3-4 ym, the heavy metals ca. 6 um and the Black Smoke at 3-4 ym. Currently the
samplers are replaced by PMy, samplers. The SIA’s are analysed by ion chromatography
and CFA, the metals by ICP-mass spectrometry and the black smoke using the OECD
method®. The wet deposition is sampled using wet only samplers and the analysis are also
using ion chromatography, CFA and ICP-MS.

Heavy Metals In Air Borne Particles And In Wet Deposition
Figure 1 shows the annual average concentration for the Dutch rural background stations

for both lead in airborne particles and in wet deposition. Both matrices display a downward

! Elzakker BG van. “Monitoring activities in the Dutch National Air Quality Monitoring Network in
2000 and 2001”, RIVM Report 723101055. {The RIVM reports cited in this abstract are all in English
and as pdf available at www.rivm.nl.}



trend. Similar behaviour is also observed for other heavy metals. The plot clearly shows
that the relative reduction in air is larger than the relative reduction in precipitation. The
result suggests that airborne particles are differently influenced by the various sources than

precipitation. More Dutch precipitation results will be published shortly?.
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Figure 1 average Dutch concentrations for lead in air borne particles and in precipitation

Black Smoke

Black smoke results for the period 1984-2004 shows a general reduction in figure 2a. The
plot shows results for one street station (433) and three rural stations. To study the
difference between rural, urban and traffic locations the daily black smoke averages for all
Dutch NAQMN stations are analysed by Principle Component Analyses (PCA) in figure
2b. The plot shows that levels at street locations are much higher than levels at rural
locations. The plot also shows that the profile over the different days for rural stations can
be clearly distinguished from the profile of the traffic locations®. Black smoke
measurements used to be legally required by Dutch government. Today Black Smoke
monitoring is not legally required however continuation of the measurements is highly
recommended both because of the availability of long time series and because of the

extremely close correlation with elemental carbon measurements”.

2 E. van der Swaluw et al. RIVM report in preparation.

¥ Bloemen HJT, Meulen A van der, Mooibroek D, Cassee FR,” Monitoring Black Smoke? Its value for
monitoring the impact of abatement measures” RIVM Letter Report 863001004, 2007

* M. Schaap and H.A.C. Denier van der Gon (2006). “On the variability of Black Smoke and
carbonaceous aerosol in the Netherlands.” Atmos. Env. 41, 5908-5920.



SamplesfScores Plot of data

33 04

—131 : e ®Regional stations
230 03 | 15 @ 5Suburban stations
) - | 2 ®street stations
o \ A —— 433 02 | e
‘..‘ \I \ 5 - 1 .9334?437
- N/ .
- - — - F o I 53
5 7 T N K I
! N g !
g L - \ [l )| e e T |
Z — - 5 | =
H ) \ b o .0 !
g1 = = . 5 i 133
H - RN \ 3 i
8 10 - '._/' “ —— = IR !
S 1
e T e 04 i
|
05 |
0 : ; : ; ; ; ; : ; : 0 : a8
K , , \ , ,
1084 19386 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 0z o 0.2 04 06 0g
Time (year) Scores on PC 1 §2.10%)

Figure 2 A (left panel): Annual average BS concentration at 4 stations for the period 1984 — 2006. B (right
panel): Principal-Component-Scores plot for the first two PCs for BS explaining 96% of the variation in the
daily averaged concentrations measured in 2006.

Composition And Source Apportionment

In 1998-1999 intensive composition measurements of both PM;o and PM, 5 was performed®. A
source apportionment study on the PM, s composition data has been performed using Positive
Matrix Factorisation (PMF). The contribution of calculated sources for some locations are

shown in figure 3",

Amsierdas-Sadhoudesshade

Contribution (ugimy

e 0 ME INE e m em WA W N W BT NP 0R e
Marine Streat  Urben background  Agriculre B h clnta: -1

Figure 3A (left panel) contributions of 8 PMF components to different locations in The Netherlands. 3B

(right panel) daily contribution on a street in Amsterdam.

The PMF study revealed 8 factors after optimization. Most of these factors were relatively
easy interpreted: Suphate rich and nitrate rich; traffic, both petrol and diesel; crustal
material; 2 different combustion profiles and sea spray. The last component looks like
petrol with an extreme lead contribution. Perhaps this factor correlates with the ban on lead
containing petrol in that period. A new PM composition measurement/modelling

programme was performed last year’. Results are expected shortly.

5 Visser H, Buringh E, Breugel PB van, “Composition and Origin of Airborne Particulate Matter in the
Netherlands” RIVM Report 650010029

® Bloemen HJT, Mooibroek D, Cassee FR, Putten EM van, “Composition and sources of fine
particulate matter (PM, ) in the Netherlands” , RIVM report 863001007

" www.mnp.nl/nl/dossiers/fijn_stof/Onderzoeksprogramma_ter_verkleining_onzekerheden_fijn_stof.html
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ABSTRACT

The European Directive on ambient air quality 2008/50/EC (21 May 2008) set standards for
PMjo and PM,5 mass concentrations, and stated that measurements shall be made at rural
background locations for providing information on the chemical speciation of fine particulate
matter (PM25). Among the limited number of sites where measurements of organic carbon
(OC) and elemental carbon (EC) have been performed across Europe, it appears that
carbonaceous matter accounts for 45 £ 20 % of PM,s. We should therefore increase our
capacity of monitoring this major PM constituent, which is currently limited by the lack of
standard methods for sampling and analyses. A sound analytical reference method for
determining OC and EC in atmospheric PM should meet a series of requirements, which will

be further presented and discussed.

1- Determination of the total carbon (TC) concentration.

As long as European Directives on ambient air quality are based on PM mass concentrations,
the direct determination of total carbon mass concentration is essential.

TC can accurately be determined using thermal methods: PM samples collected on e.g. quartz
fiber filters are exposed to increasing temperature (up to 850°C) so that carbonaceous species
are all volatilized and/or oxidized to CO,, which is directly or indirectly detected. Gases or

solutions containing inorganic or organic carbon are used for calibration.

2- Speciation of TC.

Atmospheric carbonaceous PM consists of 100s of different molecules. Labor-intensive
combinations of the most advanced analytical techniques can resolve and quantify up to ca.
30% of TC only, making them unfit for monitoring purposes. However, a minimum of TC
speciation is desirable. It is particularly important to distinguish between EC, directly emitted
in the particulate form by combustion processes, and OC, that arises from both natural and

anthropogenic primary and secondary sources. However, there are no standards for



atmospheric OC and EC, and either no clear theoretical split point between highly refractory
organic molecules and “infinite” graphitic structure, the model for pure EC.

Thermal analytical techniques split TC fractions according to their volatility in an inert
atmosphere (step 1). EC does not volatilize and is oxidized to CO, (combustion) during step 2
in an Oz-containing carrier gas. The highest temperature reached in the 1% analytical step is
important. If it is too low (e.g. 550°C), a fraction of OC does not evolve during step 1 and
could be detected as EC. If it is too high (e.g. 850°C), a fraction of EC can be combusted
during the step 1 and be detected as OC. The compromise (650°C) chosen in the protocol
developed in the framework of EUSAAR ensures that very little EC can be combusted during
the analytical step 1, and that a maximum of organic matter (including humic like substances)

is volatilised or charred (see point 3) during step 1.

3- Charring correction

Instead of volatilizing, some organic molecules char during the analysis and form a highly
refractory black matter (pyrolytic carbon, PC), that can be detected as EC. Not correcting for
charring can lead to analytical errors in the determination of atmospheric EC larger than
400%.

Thermal-optical analytical techniques record charring by monitoring the decrease in light
transmission and/or reflection through the filter punch during the analysis. When O; is added
to the carrier, refractory black PC and EC are combusted and light transmission and reflection
gradually increase again. When light transmission and/or reflection reach the value recorded
before the analysis starts, it is considered that all PC formed during the analysis has evolved

and all carbon evolving afterwards is atmospheric EC.

4- Charring limitation
To discriminate between artificially formed PC and native atmospheric EC, thermal—-optical
methods assume that one of the following two hypotheses is correct:
(a) PC evolves from the filter before EC.
(b) PC has the same specific cross section (o) as EC.
However, neither of these assumptions always holds. It is therefore advisable to reduce the

amount of charring to a minimum, what the EUSAAR protocol ensures compared to others.

5- Sensitivity of the EC value to the position of the split point
The precision of the laser signal measurement translates into uncertainties in EC
determination. To minimize this effect, the temperature protocol should be such that the peak

of carbon evolving at the split point is as broad as possible.



The temperature protocol developed with EUSAAR partners is such that the evolution of

carbon around the split point is generally smooth.

While alternative methods could be more precise, accurate, and/or rigorous on specific
aspects of the analysis of OC and EC in atmospheric PM, a thermal-optical method
implementing the temperature protocol developed in the framework of EUSAAR fulfills a
series of requirements that makes it highly suitable for the monitoring of OC and EC
concentrations in PM; s at rural sites in Europe.

A recent intercomparison demonstrated that 5/6 EUSAAR partners using this protocol could
determine TC and EC/TC with relative errors <17 and 29%, respectively, a fraction of this
difference being possibly due to filter heterogeneity.

Furthermore, the amount of PC determined optically (integrating the laser signal) and
thermal-optically (integrating the CO, signal up to the laser-determined split point) well agree
for a wide range of filter loads, which guarantees the accuracy of the EC (and therefore OC)

determination.
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OPTICAL METHODS FOR MONITORING BLACK CARBON
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ABSTRACT

Airborne particles commonly found in ambient atmospheres impacted by human activities are
extremely complex mixtures, both chemically and physically. These particles have certain
characteristics derived from their initial sources; may be modified by transformations and
reactions in the atmosphere; and may have lifetimes and effects that are strongly dependent
on their composition, size, surface properties and other attributes. The deleterious effects of
these particles range from aesthetic (visibility reduction); cultural (degradation of structures,
monuments and artwork after deposition of particles); agricultural (weakening of plants and
trees; reduction of crop yields); physiological (individual and mass public health impacts;
increased disease and death); hydrological (acceleration of the melting of snow and ice packs
after deposition of particles); to impacts on climate at local, regional and global scales,
including perturbation of the radiation balance and changes in the properties of clouds,
including patterns of precipitation. Speciation and analysis of these particles is necessary to
identify their nature and likely sources, in order to provide the information necessary for the

development of appropriate and effective regulations to reduce their emissions.

The Industrial Revolution of Europe and North America — sometimes termed the “Coal Age”
— transformed those societies from agriculture to manufacturing, while filling the air with
smoke, blackening buildings and sickening the population. Regulations cleaned up Western
skies; half a century later, similar industrial transformations are repeating the pattern in Asia,
but on a larger scale with potentially more-disastrous consequences. Climate change in
China is real, and some models suggest the possible failure of the Indian Monsoon within two
decades: both are due partly to the effects of atmospheric aerosol particles of combustion
origin. Indeed, a U.S. Government Congressional Committee received expert testimony that
‘Black Carbon’ aerosols are the leading tracer for health effects, and are second only to CO,

in terms of forcing for global climate change.





