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Environmental Protection Agency

The Environmental Protection Agency (EPA) is
a statutory body responsible for protecting
the environment in Ireland. We regulate and
police activities that might otherwise cause
pollution. We ensure there is solid
information on environmental trends so that
necessary actions are taken. Our priorities are
protecting the Irish environment and
ensuring that development is sustainable.

The EPA is an independent public body
established in July 1993 under the
Environmental Protection Agency Act, 1992.
Its sponsor in Government is the Department
of the Environment, Heritage and Local
Government.

OUR RESPONSIBILITIES
LICENSING

We license the following to ensure that their emissions
do not endanger human health or harm the environment:

B waste facilities (e.g., landfills,
incinerators, waste transfer stations);

W large scale industrial activities
(e.g., pharmaceutical manufacturing,
cement manufacturing, power plants);

W intensive agriculture;

W the contained use and controlled release
of Genetically Modified Organisms (GMOs);

W large petrol storage facilities.

NATIONAL ENVIRONMENTAL ENFORCEMENT

B Conducting over 2,000 audits and inspections of
EPA licensed facilities every year.

B Overseeing local authorities” environmental
protection responsibilities in the areas of - air,
noise, waste, waste-water and water quality.

B Working with local authorities and the Gardai to
stamp out illegal waste activity by co-ordinating a
national enforcement network, targeting offenders,
conducting investigations and overseeing
remediation.

B Prosecuting those who flout environmental law and

damage the environment as a result of their actions.

MONITORING, ANALYSING AND REPORTING ON THE
ENVIRONMENT

B Monitoring air quality and the quality of rivers,
lakes, tidal waters and ground waters; measuring
water levels and river flows.

B Independent reporting to inform decision making by
national and local government.

REGULATING IRELAND’S GREENHOUSE GAS EMISSIONS

B Quantifying Ireland’s emissions of greenhouse gases
in the context of our Kyoto commitments.

B Implementing the Emissions Trading Directive,
involving over 100 companies who are major
generators of carbon dioxide in Ireland.

ENVIRONMENTAL RESEARCH AND DEVELOPMENT

B (o-ordinating research on environmental issues
(including air and water quality, climate change,
biodiversity, environmental technologies).

STRATEGIC ENVIRONMENTAL ASSESSMENT

B Assessing the impact of plans and programmes on
the Irish environment (such as waste management
and development plans).

ENVIRONMENTAL PLANNING, EDUCATION AND
GUIDANCE

W Providing guidance to the public and to industry on
various environmental topics (including licence
applications, waste prevention and environmental
regulations).

W Generating greater environmental awareness
(through environmental television programmes and
primary and secondary schools’ resource packs).

PROACTIVE WASTE MANAGEMENT

W Promoting waste prevention and minimisation
projects through the co-ordination of the National
Waste Prevention Programme, including input into
the implementation of Producer Responsibility
Initiatives.

B Enforcing Regulations such as Waste Electrical and
Electronic Equipment (WEEE) and Restriction of
Hazardous Substances (RoHS) and substances that
deplete the ozone layer.

B Developing a National Hazardous Waste Management
Plan to prevent and manage hazardous waste.

MANAGEMENT AND STRUCTURE OF THE EPA

The organisation is managed by a full time Board,
consisting of a Director General and four Directors.

The work of the EPA is carried out across four offices:
B (Office of Climate, Licensing and Resource Use

B Office of Environmental Enforcement

B Office of Environmental Assessment

W Office of Communications and Corporate Services

The EPA is assisted by an Advisory Committee of twelve
members who meet several times a year to discuss
issues of concern and offer advice to the Board.



An Ghniomhaireacht um Chaomhnd Comhshaoil

Is i an Gniomhaireacht um Chaomhni
Comhshaoil (EPA) comhlachta reachtdil a
chosnaionn an comhshaol do mhuintir na tire
go léir. Rialaimid agus déanaimid maoirsid ar
ghniomhaiochtai a d'fhéadfadh truaillid a
chruthd murach sin. Cinntimid go bhfuil eolas
cruinn ann ar threochtai comhshaoil ionas
go nglactar aon chéim is ga. Is iad na
priomh-nithe a bhfuilimid gniomhach leo

na comhshaol na hEireann a chosaint agus
cinntid go bhfuil forbairt inbhuanaithe.

Is comhlacht poibli neamhspleach i an
Ghniomhaireacht um Chaomhni Comhshaoil
(EPA) a bunaiodh i mi IGil 1993 faoin

Acht fan nGniomhaireacht um Chaomhnda
Comhshaoil 1992. 0 thaobh an Rialtais, is 1
an Roinn Comhshaoil agus Rialtais Aitidil a
dhéanann urraiocht uirthi.

AR bhFREAGRACHTAI

CEADUNU

Bionn ceadiinais a n-eisidiint againn i gcomhair na nithe
seo a leanas chun a chinntiti nach mbionn astuithe uathu
ag cur slainte an phobail na an comhshaol i mbaol:

B aiseanna dramhaiola (m.sh., lionadh taln,

B gniomhaiochtai tionsclaiocha ar scala mér (m.sh.,
déantlsaiocht cogaisiochta, déantisaiocht

B diantalmhaiocht;

B (isdid faoi shrian agus scaoileadh smachtaithe
Organach Géinathraithe (GMO);

B mor-aiseanna storais peitreail.

FEIDHMIU COMHSHAOIL NAISIUNTA

B Stidradh os cionn 2,000 initchadh agus cigireacht
de aiseanna a fuair ceadiinas 6n nGniomhaireacht
gach bliain.

B Maoirsil freagrachtai cosanta comhshaoil Gdaras
aitidla thar sé earnail - aer, fuaim, dramhail,
dramhuisce agus caighdean uisce.

B Obair le hidarais aitidla agus leis na Gardai chun
stop a chur le gniomhaiocht mhidhleathach
dramhaiola tri comhordd a dhéanamh ar lionra
forfheidhmithe naisidnta, dirid isteach ar chiontéiri,
stitradh fiosrichain agus maoirsid leigheas na
bhfadhbanna.

B An dli a chur orthu sidd a bhriseann dli comhshaoil
agus a dhéanann dochar don chomhshaol mar
thoradh ar a ngniomhaiochtai.

MONATOIREACHT, ANAILIS AGUS TUAIRISCIU AR

AN GCOMHSHAOL

B Monatoéireacht ar chaighdean aeir agus caighdeéin
aibhneacha, locha, uisci taoide agus uisci talaimh;
leibhéil agus sruth aibhneacha a thomhas.

B Tuairisciti neamhspleach chun cabhrd le rialtais
naisilinta agus aitidla cinnti a dhéanamh.

RIALU ASTUITHE GAIS CEAPTHA TEASA NA HEIREANN

B (Cainniochtl astuithe gais ceaptha teasa na
hEireann i gcomhthéacs ar dtiomantas Kyoto.

B Cur i bhfeidhm na Treorach um Thradail Astuithe, a
bhfuil baint aige le hos cionn 100 cuideachta ata
ina mor-ghineaddiri dé-ocsaid charbdin in Eirinn.

TAIGHDE AGUS FORBAIRT COMHSHAOIL

B Taighde ar shaincheisteanna comhshaoil a chomhordd
(costil le caighdéan aeir agus uisce, athri aeraide,
bithéagsilacht, teicneolaiochtai comhshaoil).

MEASUNU STRAITEISEACH COMHSHAOIL

B Ag deéanamh measdnd ar thionchar phleananna agus
chléracha ar chomhshaol na hEireann (cosdil le
pleananna bainistiochta dramhaiola agus forbartha).

PLEANAIL, OIDEACHAS AGUS TREOIR CHOMHSHAOIL

B Treoir a thabhairt don phobal agus do thionscal ar
cheisteanna comhshaoil éagsala (m.sh., iarratais ar
cheadinais, seachaint dramhaiola agus rialachain
chomhshaoil).

B Folas nios fearr ar an gcomhshaol a scaipeadh (tri
claracha teilifise comhshaoil agus pacaisti
acmhainne do bhunscoileanna agus do
mheanscoileanna).

BAINISTIOCHT DRAMHAIOLA FHORGHNIOMHACH

W Cur chun cinn seachaint agus laghdd dramhaiola tri
chomhordd An Chlair Naisidnta um Chosc
Dramhaiola, lena n-airitear cur i bhfeidhm na
dTionscnamh Freagrachta Tairgeoiri.

B Cur i bhfeidhm Rialachan ar nés na treoracha maidir
le Trealamh Leictreach agus Leictreonach Caite agus
le Srianadh Substainti Guaiseacha agus substainti a
dhéanann idid ar an gcrios 6z6in.

B Plean Ndisi(inta Bainistiochta um Dramhail
Ghuaiseach a fhorbairt chun dramhail ghuaiseach a
sheachaint agus a bhainistid.

STRUCHTUR NA GNIOMHAIREACHTA

Bunaiodh an Ghniomhaireacht i 1993 chun comhshaol
na hEireann a chosaint. Ta an eagraiocht a bhainistid
ag Bord lanaimseartha, ar a bhfuil Priomhstitrthéir
agus ceithre Stidrthair.

Ta obair na Gniomhaireachta ar sidl tri ceithre Oifig:

B An Oifig Aeraide, Ceadiinaithe agus Usaide
Acmhainni

B An Oifig um FhorfheidhmitGchan Comhshaoil
B An 0Oifig um Measdnacht Comhshaoil
B An Oifig Cumarsaide agus Seirbhisi Corparaide

Ta Coiste Comhairleach ag an nGniomhaireacht le
cabhrd Léi. Ta daréag ball air agus tagann siad le chéile
cpla uair in aghaidh na bliana le plé a dhéanamh ar
cheisteanna ar abhar imni iad agus le comhairle a
thabhairt don Bhord.
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Executive Summary

Here, we report the physico—chemical characteristics of
North Atlantic aerosols, with a focus on clean marine
aerosol. This work describes physico—chemical and
radiative measurements taken at the Mace Head
Atmospheric Research Station during the period from
2000 to 2003. The measurements are indicative of the
medium- to long-term measurement programme at the
site. These include mass concentration (mass per unit
volume) of total suspended particulate (TSP), aerosol
inorganic chemical species, aerosol scattering coefficient;
aerosol absorption coefficient and aerosol optical depth.
The relatively continuous nature of the measurement
programme permitted both monthly and seasonal
characteristics of aerosol parameters to be established.

Chemical analysis of aerosol samples for the year 2003
shows that the mass concentration of sea salt has a
seasonal pattern, with minimum levels in the summer
period of around 7.5 pg/m® and enhanced values — by
about a factor of 3 — in the winter period of the order of
225 ug/m3, due to the increase in wintertime of super-
micrometre coarse-mode aerosol particles (diameter >1.0
pm) with wind speed, formed mainly by the bubble
bursting process within breaking waves. During winter,
sea salt contributes to over 95% of the marine TSP mass
while the contribution of the remaining species is almost
negligible.

Non-sea-salt sulphate (nssSOE‘) TSP marine mass
concentration shows lower values — by a factor of about 3
— during winter (mean levels of order 0.2-0.25 ug/m3) as
compared to elevated values (mean levels of around 0.75
ug/m3) during midsummer. The enhancement is attributed
to the marine biota cycle which is active during the North
Atlantic phytoplankton bloom season — from late spring
through to
concentration levels of nssSO%~ (overall mean levels of

early autumn. Non-sectored mass

around 1.3 ug/m3) are a factor of about 3 higher than
corresponding clean marine sectored levels.

Vii

Aerosol scattering coefficient values show a similar
seasonal trend as aerosol inorganic chemical mass
concentration, in that a seasonal 3- to 3.5-fold increase
obtains in the winter season, with values in the range 25—
35 Mm™2, as compared to summer values of the order of
7-12 Mm™L. The frequency of occurrence of hourly
averaged aerosol absorption data is found to be bimodally
distributed, one mode resulting from clean marine air and
the second mode resulting from anthropogenically
polluted continental air. The hourly averages of the
marine portion of the aerosol light absorption are found to
follow closely a lognormal distribution with a geometric
mean attenuation coefficient of 0.310 Mm‘l, equivalent to
a black carbon (BC) mass concentration of 16.3 ng/m3,
based on a BC mass attenuation efficiency of 19 m2/g.
The BC mass concentration for marine air at Mace Head
is in reasonably good agreement with other marine and
coastal sites. Annual mean values of aerosol optical depth
(in the range 0.1-0.11) are in good agreement with other
values over the Atlantic and North Atlantic ocean, and so
the aerosol optical depth measurements at Mace Head
can be taken to be representative of the North Atlantic
region.

Evidence of the impact of hemispheric long-range
transport of air pollution on levels at Mace Head is
afforded through observations of elevated values, for
example, of nssSOZ~, BC and CO, which are traceable
to transport from the North American continent, as well as
from the UK and continental Europe. The United Nations
Economic Commission for Europe (UNECE) Convention
on Long-range Transboundary Air Pollution (CLRTAP)
Task Force Report on Hemispheric Transport of Air
Pollution considers long-term
monitoring is essential to assess trends and impacts from
long-range transport, as well as providing input for
development and testing of a wide variety of models being
used to address aerosol transport.

that continuation of






1 Introduction

It is important to obtain information about atmospheric
aerosols, not only to identify their physico—chemical
characteristics, but also to relate their properties to air
quality and climatic effects. Continuous measurements
are crucially important in order to determine seasonal
patterns and longer-term trends.

Aerosol chemical composition work in Ireland has been
fairly intermittent up to now. Until the advent of this work,
no aerosol chemistry measurements on a quasi-
continuous basis have been carried out at the Mace Head
Atmospheric Research Station since the Atmosphere—
Ocean Chemistry Experiment (AEROCE) measurement

programme (Prospero, 2001) ceased in 1994, although
several intensive measurement campaigns have included
aerosol chemical composition work.

Analysis of total suspended particulate (TSP) filter
samples collected between August 2001 and December
2003 is reported in this work. In addition, aerosol radiative
measurements are reported, which include the aerosol
scattering coefficient for the years 2000, 2001 and 2002,
as well as the aerosol absorption coefficient/equivalent
black carbon (BC) mass concentration for the period
1989-2003, which are indicative of the medium- to long-
term aerosol measurement programme at the site.
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2 Objectives of the Work

There three main objectives of this work are outlined as
follows:

1. To revive measurements of aerosol chemical
properties at the Mace Head Atmospheric Research
Station

To deploy instrumentation to provide aerosol
radiative measurements, i.e. aerosol scattering and
absorption coefficient, and aerosol optical depth

To enable a national component of a European
aerosol observing system.
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3 Meteorological and Air Mass Classification

3.1 Meteorological Parameters

Meteorological parameters of wind speed and direction
have been measured at the site since 1989. The
prevailing wind direction is from a designated clean
marine sector and air masses arriving at the station are
dominated by westerly winds from the Atlantic Ocean.
Meteorological data from the station show that, on
average, 52% of air masses arriving at Mace Head can be
defined as clean marine air (Jennings et al, 2003).
Continental polluted sector winds prevail about 20% of the
time.

A wind sector control strategy is adopted in filter sampling
for aerosol chemical composition determination. The
clean marine sector is prescribed by a wind direction
sector from 190° to 300°, and is usually coupled with a
combination of aerosol or condensation nuclei number
concentration of ca <700/cm® and/or an aerosol
absorption coefficient of <1.43 Mm™. The polluted air
sector is defined by wind direction (WD) alone:

45° < WD < 135°.
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4 Aerosol Chemical and Radiative I nstrumentation

4.1 Sampling Location

The Mace Head Atmospheric Research Station is one of
the World Meteorological Organization (WMO) Global
Atmosphere Watch (GAW) global stations for both
aerosol and gaseous species and is mainly representative
of marine air. Mace Head was audited favourably by the
WMO GAW in November 2004. Mace Head (as well as
Valentia Observatory) has undergone a GAW review
(Barrie & Puckett, 2005).

Mace Head (53° 20' N, 9° 54' W) is located on the west
coast of Ireland, an ideal location to obtain quite detailed
information on marine aerosols from the North Atlantic
region because of prevailing westerly—south-westerly
winds. Results from air mass trajectory models usually
show that these air masses generally stay over the ocean
for 4-5 days before arriving at Mace Head.

4.2 Chemical Analysis

Samples were analysed using ion chromatography for
Na*, CI", NO3, SO3F~, NHj, and for ash content by the
University of Miami. The concentration of SO3~ from
sources other than the dissolved salts in sea water (non-
sea-salt sulphate, nssSOﬁ‘) was calculated as total
SO~ minus the Nat concentration times 0.2516,
the SO7/Na* mass ratio in bulk sea water. Mass
concentration of sea-salt aerosol was derived from the
Na* concentration through the use of a relation (Yin et al.,
2005): sea-salt concentration = 2.54 Na* concentration,
based on individual speciated inorganic mass values
obtained from impactor data at Mace Head.

4.3  Sampling M ethodology

Samples were taken on the 23-m tower at Mace Head
using high-volume samplers with an open-face filter at a
flow rate of 40 m3h. The sampling system is able to
control aerosol sampling based on wind speed (sample
only when wind speed >1 m/s), wind direction (sample
when the wind direction is 190° to 300° for the clean
sector sample and 0° to 360° for the non-sectored
sample), relative humidity (sample only when the relative
humidity <95%), and rain presence (sample only when it
is not raining). The majority of reliable samples come from
multi-day (2—3 days) sampling.

44  Aerosol Radiative M easurements

441 Aerosol scattering coefficient

Aerosol particle scattering measurements were
performed by a TSI Inc. 3563 3-wavelength integrating
nephelometer. The TSI Model 3563 nephelometer
measures the total aerosol scattering coefficient at
wavelengths A = 450, 550, 700 nm. The nephelometer is
calibrated on a regular basis. A detailed discussion of the
performance characteristics of this instrument is given by
Anderson et al. (1996).

The scattering coefficient is recorded as 5-min values
which are integrated to give hourly arithmetic mean
values. The nephelometer is connected via a 15-mm
diameter duct to the community air-sampling system with
a flow rate of 150 I/min to ensure laminar flow. Due to
internal heating of the nephelometer, aerosols were
sampled at an average relative humidity of 35 * 5%, and
the nephelometer measurements should be considered
as representing dry aerosol particles only.

4.4.2 Aerosol absorption coefficient

The attenuation of light through aerosol-laden quartz fibre
fillers has been measured using Magee Scientific
Aethalometer Models AE-8 and AE-9 with manual filter
change. The AE-8 model was in use up to December
1993. The instrument operates by measuring the
attenuation of white light through a quartz fibre filter whilst
air is being drawn through the filter (Hansen et al., 1984).

4.4.3 Aerosol optical depth

Measurements of column-integrated light extinction have
been conducted at the Mace Head site since March 2000
in order to derive aerosol optical depth (AOD). The
measurements are performed with a precision filter
radiometer (PFR), developed at the Physikalisch-
Meteorologisches Observatorium Davos/World Radiation
Centre (PMOD/WRC), Switzerland. The PFR is mounted
on an automated solar tracker and continuously records
the columnar light extinction every 2 min. The instrument
measures at four wavelengths centred at 862, 500, 412,
and 368 nm with a 5-nm full width at half maximum
(FWHM) bandwidth.



CLIMATE CHANGE — An analysis of aerosol properties at Mace Head

The radiometer is annually calibrated by field
comparisons with a travelling standard through the WMO
GAW programme. The comparison of the Mace Head
radiometer with the reference instrument shows

deviations of <0.5%, indicating that the PFR exhibits high
stability in time. The precision of the PFR is estimated to
be 0.01 optical depth.
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5 Aerosol
Components

51 Aerosol Inorganic Chemical Mass
Concentration

Average mass concentrations of marine aerosol chemical
species as well as data from other studies are
summarised in Table 5.1.

52 Monthly and Seasonal Trends of
Aerosol Inorganic Chemical
Components

Filter samples from the Mace Head site for the period 1
January 2003 to the end of December 2003 have been
analysed. The year 2003 was chosen since it well
represented samples throughout the entire year without
major gaps. Monthly analysis of the aerosol chemical
mass concentration data for 2003 is shown in Table 5.2
and in Fig. 5.1 for clean marine air masses (sectored) and
in Table 5.3 for unsectored air masses, for the following
aerosol species: CI", NO3* Na*, nssSO3~ and NHj.

A seasonal cycle is observed in both sectored and
unsectored (not shown) filter samples. Higher levels of
sea salt are caused by stronger winds during winter,
generating more primary sea-salt particles, and mass
concentrations are higher than for non-sectored samples.
For example, the winter Na* mass concentration of

Table 5.1. Summary of marine aerosol inorganic mass concentrations (

NH; at Mace Head and in Tenerife, Canary Islands.

Mass Concentrations of Aerosol

| norganic

8.87 ug/m3 (equivalent to sea-salt mass concentration of
22.53 ug/m3) is about a factor of 3 higher than the
corresponding values (2.89 pg/m?3 for Na* and 7.34 pg/m?
for sea salt) in the summer period for the year 2003.

The clean sector seasonal cycle is also very different from
the unsectored seasonal cycle. Mass concentrations of
NO3, nssSOZ~, NHj are elevated during the summer
season, which is linked to biological activity in oceanic
surface waters. This is also found from other analyses at
Mace Head (Yoon et al.,, 2007). nssSO3~ exhibited the
most pronounced seasonal cycle with peak values during
July. This is also reflected in the comparison between
averaged 2003 summer nssSOZ~ mass concentration
levels of around 0.75 ug/m3 —an enhancement of about a
factor of 3 — as compared to winter nssSOZ~ levels of
between 0.2 and 0.25 pg/m3. Yoon et al. (2007) have
shown that nssSOﬁ‘ is highly correlated with MSA
(methanesulphonic acid), which is a precursor species
leading to production of nssSOﬁ‘ via a secondary marine
aerosol process (Seinfeld and Pandis, 1998).

Unsectored (as compared to sectored) air masses yield
elevated mass concentrations of major ions: NO3,
nssSO3~, and NH} for all seasons, due to polluted air
masses.

ug/m?3) of Na*, CI~, nssSO3~, NO3, and

Sampling site Sample type Na* (o nssS03~ NO3 NHj
Mace Head (this work) Sectored samples, TSP! 5.59 10.16 0.480 0.313 0.125
Mace Head Clean marine samples, 0.344 0.190
1998-1999, TSP?
Mace Head Clean marine samples, 3.64 6.22 0.233 0.185 0.072
Berner impactor®
Tenerife, ACE-2 Sub-micron fraction® 0.300 0.082
Mace Head (this work) Unsectored samples, TSP 3.66 6.51 1.340 1.776 0.891
Mace Head 1989-1990, unsectored 1.290 0.743

samples, TSP®

1TSP: total suspended particulate.

%Kleefeld et al. (2002).

Scavalli et al. (2004).

4Sub-micron fraction — particles <1.26 um in diameter.
5Savoie et al. (2002).
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Table 5.2. Mass concentrations (ug/m  °) of aerosol chemical species for

sectored (clean marine) samples in 2003.

cl- NO3 Na* nssSO5~ NHZ
January 15.714 0.179 8.395 0.254 0.113
February 22.384 0.096 12.355 0.168 0.055
March 10.328 0.079 5.836 0.075 0.024
April 5.221 0.443 3.301 0.488 0.236
May 9.569 0.222 5.323 0.430 0.117
June 6.699 0.434 3.852 0.731 0.172
July 5.045 0.307 2.811 0.873 0.118
August 3.775 0.503 2.002 0.602 0.137
September 6.471 0.371 3.344 0.410 0.138
October 12.857 0.368 7.100 0.342 0.092
November 7.498 0.166 3.898 0.144 0.124
December 10.495 0.270 5.874 0.416 0.178
Mean 8.262 0.354 4.552 0.575 0.138
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Figure 5.1. Sectored (clean marine) monthly mass concentrations (pug/m

Mace Head.

3) of aerosol chemical species in 2003 at
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Table 5.3. Mass concentrations ( pg/m 3) of aerosol chemical species for

unsectored samples in 2003.

Cl- NO3 Na* nssSO5~ NH;
January 10.761 0.719 5.791 0.502 0.278
February 12.947 4.837 7.000 2.224 2.618
March 8.419 5.486 4.812 2.069 3.122
April 4.173 5.739 2.464 2.650 3.040
May 5.816 0.705 3.209 0.684 0.358
June 5.226 0.776 2.874 1.226 0.392
July 4.025 0.695 2.236 1.328 0.352
August 2.942 1.230 1.675 1.114 0.570
September 6.198 1.038 3.345 0.861 0.426
October 4.309 3.704 2.494 3.764 1.435
November 8.303 1.457 4.967 0.872 0.589
December 7.517 1.595 4.176 1.988 0.314
Mean 6.198 1.970 3.438 1.464 0.951

5.3 Seasonal Levels of Aerosol Inorganic
Chemical Components

For westerly air masses during winter, sea salt contributes
to over 95% of TSP mass while the contribution of the
remaining ionic species is almost negligible. However, the
contribution of sea salt (CI~, Na* and sea-salt sulphate
(ssSOﬁ‘)) in summer is still high at about 80%. The
remainder is mainly due to the increased contribution of
NO3 and of nssSO3Z~ originating from biological activity
in oceanic surface waters. Interestingly, the concentration
of nssSOZ~ during summer in westerly air masses is
about 30% of the nssSO3~ level in easterly air masses.

This indicates that marine sources contribute fairly
substantially to the total burden of nssSOZ™ at least over
Ireland.

In order to characterise easterly air masses, backward air
mass trajectories were studied and samples
characterised by easterly air flow were attributed to the
polluted or eastern sector (45-135°). A total of 27% of
unsectored samples qualify as easterly polluted air
masses. A comparison of the average mass
concentrations in easterly and westerly sectors from
August 2001 to December 2003 is summarised in Fig. 5.2.

average concentration
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Figure 5.2. Average mass concentrations of major aerosol inorganic ions in total suspended particulate aerosol

at Mace Head for air masses from an easterly and from a westerly direction.
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The difference between inorganic ionic concentrations is
large: a factor of about 20 for NO3 and NHZ, and a factor
of about 8 for nssSOZ™.

Average sea salt mass concentration is still rather high for

easterly air masses, with a contribution of around 40%
(between about 6 and 7 ug/m3) to the total mass. The rest
of the mass is shared between NO3, NH} and nssSO%~
with the largest contribution from NO3.
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6 Atmospheric Aerosol Radiative M easurements

6.1 Aerosol Scattering Coefficient

M easurements

The mean monthly total aerosol scattering coefficients
(0sp) at a wavelength of 550 nm, calculated from the
hourly values, have been determined. The overall mean
aerosol scattering coefficient for 2001 amounts to 20.3
Mm~1 which is representative of the marine boundary
layer (Quinn et al., 2001). The seasonal cycle indicates
values in winter that are a factor of 3 higher than those in
summer, due to enhanced wind speeds.

6.2 Aeosol Absorption  Coefficient

M easurements

A distribution of occurrence of hourly averaged aerosol
absorption measurements from 1989 to 2002 (Junker et
al., 2006) shows that two modes can be identified at
approximately 0.4Mm™ and 4 Mm™, representing
measurements of marine background aerosol and
continental aerosol, respectively. One mode corresponds
to marine sector conditions of absorption coefficient
O4ps= 0.4 MM~ (equivalent to a BC mass concentration
of =21 ng/m?3 based on a BC mass attenuation efficiency
of 19 m2/g) and is within the range of mean concentrations
found at other marine sites (in Panama, Junker et al.
(2004) and in Korea, Kim et al. (2000)). The continental
sector mode value of 6,,;= 3.4 Mm™ (equivalent to a BC

mass concentration of =179 ng/m3) is comparable to BC
mass concentration levels reported for remote continental
sites, for example by Junker et al. (2004) and by Echalar
et al. (1998).

Both clean marine and polluted data show a general
increase in levels from 1989 up to 1996/1997 and a slight
decrease or levelling off thereafter (Junker et al., 2006).
The polluted sector shows an increasing trend of 10.9 +
7.3% per annum for the years 1989 to 1997 and a slight
decrease of —0.6 + 9.8% per annum (not statistically
significant) thereafter. The observed
continental BC is possibly related to increasing BC
emissions over Ireland (UNSTAT, 2002). The marine
sector shows an increasing trend of 7.7 + 3.6% per annum
for the years 1989 to 1997 and a slight decrease (-0.1
+ 6.0%) per annum thereafter.

increase of

The arithmetic means and the geometric means and
modes of hourly averaged attenuation coefficients and BC
mass concentrations for marine and continental air
masses are listed in Table 6.1.

6.3 Aerosol Optical Depth M easurements

Mean monthly AOD values at A =500 nm are shown in
Fig. 6.1 for the year 2001 and range from 0.06 to 0.16.
About 8.6% of all daylight hours in 2001 are covered by

Table 6.1. Geometric and arithmetic means and modes for marine and continental sector
hourly averaged aerosol attenuation coefficients at Mace Head for the period February 1989 to

March 2003.
Attenuation coefficient BC mass concentration?
(Mm™) (ng/m3)
Marine sector
Geometric mean 0.310 + 0.004 16.3+0.2
Geometric mode 0.303 + 0.005 159+0.3
Arithmetic mean 0.709 + 0.016 37.3+0.8
Arithmetic mode 0.133 £ 0.020 70+1.1
Continental sector
Geometric mean 3.93+0.08 207 £ 4
Geometric mode 6.49 £ 0.94 342 + 49
Arithmetic mean 6.36 + 0.11 335+6
Arithmetic mode 2.00 £ 0.30 105 + 16

3Based on BC mass attenuation efficiency of 19 m?/g.

10
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Figure 6.1. Mean monthly aerosol optical depth (AOD) at A = 500 nm for the year 2001.

AOD measurements under clear sky conditions. The
Mace Head site experiences high cloud coverage
throughout the year because of its geographical location
close to the path of Atlantic low-pressure systems. The
resulting overall mean AOD (500 nm) for 2001 is 0.11 and
is in good agreement with baseline AOD values of 0.07

11

over the Atlantic Ocean (Kaufman et al., 2001) and of 0.11
over the North Atlantic Ocean as measured by Villevalde
et al. (1994). Therefore, AOD measurements conducted
at the Mace Head station can be regarded as being
representative of the North Atlantic.
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7 Hemispheric Transport of Air Pollution (HTAP)

7.1 Evidence of Hemispheric Transport

of Aerosol to Mace Head

The outflow of aerosols from North America has been
studied at the downwind site at Mace Head during the
course of the AEROCE 6-year campaign (Prospero,
2001). Analysis of ~1- to 2-day aerosol samples during
AEROCE shows that transport of sulphate aerosol from
anthropogenic sources has had a major impact on the
chemistry of the atmosphere over a large area of the
North Atlantic, indicating that the aerosol arrived from
across the ocean (Savoie et al, 2002). For example,
anthropogenic sulphate accounted for 85-90% of total
nssSO4~ at Mace Head over the period from 1988 to
Indeed, Mace Head
nssSO7~ mass concentration levels are several times

1991 for marine sector data.

higher than in the southern hemisphere (Barrie et al.,
2001), giving evidence of long-range transport from air
pollution sources. Ongoing work, some of which is
documented in this Synthesis Report, further supports the
impact of long-range transport on aerosol inorganic
compound levels at Mace Head.

Other evidence of the impact of long-range transport on
levels at Mace Head is afforded through the observation

12

of elevated levels of BC aerosol at Mace Head in 1998
which were traced to Canadian wildfires (Forster et al.,
2001), clearly demonstrating long-range transport of
aerosols from North America.

Evidence of regional transport of polluted air from Europe
to Mace Head has been observed for BC aerosol and CO
(Jennings et al., 1996; Derwent et al., 2001). Covariance
between the two species suggests a common source from
incomplete combustion.
European air masses above those of North Atlantic air

Mean elevation of CO in

masses is about 65-75 ppb.

7.2 UNECE CLRTAP Task Force on
Hemispheric Transport of Air
Pollution

The United Nations Economic Commission for Europe
(UNECE) Convention on Long-Range Transboundary Air
Pollution (CLRTAP) Task Force on Hemispheric
Transport of Air Pollution (TF HTAP) has published the
HTAP 2007 Interim Assessment Report (Keating and
Zuber, 2007) which contains a chapter entitled
Observational Evidence & Capabilities Related to
Hemispheric or Intercontinental Transport.
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8 Summary and Conclusions

Physico—chemical and radiative characteristics of North
Atlantic marine and modified marine aerosol at Mace
Head spanning a period from 2000 to 2003 are reported
here.

Aerosol inorganic chemical analysis of North Atlantic TSP
aerosol showed that the concentration of sea salt has a
seasonal pattern, with a maximum in winter (22.5 pg/m?’).
Even in an easterly air flow, sea-salt mass concentration
is relatively high (6—7 pg/m3). In contrast to sea salt, the
nssSOZ~
seasonal pattern with lower values during winter and
higher values during midsummer, which is attributed to
the North Atlantic
phytoplankton blooming seasons — from spring to autumn.

mass concentration showed an opposite

active marine biota during

The overall mean aerosol scattering coefficient (at 0.55
pm wavelength) for 2001 amounts to 20.3 MmL. A
seasonal 3- to 3.5-fold winter increase in the aerosol
scattering coefficient is due to the higher contribution of
wind-generated sea salt to the super-micron particles in
the marine boundary layer during the North Atlantic
winter.

The work contains valuable data on light-absorbing
aerosol properties, measured continuously over quite a

13

long period of time (since 1989) at Mace Head. The work
provides information for the 1989-2003 period on the
absorption coefficient arithmetic mean (0.709 Mm‘l),
equivalent to a mean BC mass concentration of 37.3
ng/m3. Mode values are given in Table 6.1.

Monthly mean AOD values for 2001, at a wavelength of
0.5 um, range between about 0.06 and 0.16 and are
representative of baseline AOD values over the North
Atlantic Ocean. The resulting annual mean AOD (500 nm)
is 0.11 and is in good agreement with baseline AOD
values over the North Atlantic Ocean. Therefore, AOD
measurements conducted at the Mace Head station can
be regarded as being representative of the North Atlantic
Ocean.

Elevated values of nssSOj~, BC and CO, for example at
Mace Head, show that long-range transport of aerosol
and gaseous species from both North America and the UK
and continental Europe occurs. The UNECE CLRTAP
Interim Assessment Report (Keating and Zuber, 2007) on
Hemispheric Transport of Air Pollution 2007 considers
that long -term monitoring is essential in order to assess
impacts from long-range transport.
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