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Dublin Smog 1980s



Ban on Bituminous Coal in Dublin

1st September 1990

70% reduction in black smoke 

34% reduction in sulphur dioxide

On average per year:
116 fewer respiratory deaths 
243 fewer cardiovascular deaths

Clancy et al., Lancet 2002



Extent of Bituminous Coal Ban 2015





http://www.thejournal.ie/smoky-coal-ban-ireland-pollution-phil-hogan-897056-May2013/

A Hot Topic!

http://www.thejournal.ie/smoky-coal-ban-ireland-pollution-phil-hogan-897056-May2013/


Solid Fuels for Residential Heating in 
Ireland

Sod Peat (Turf)

“Smokeless” Coal

Wood

Bituminous (Smoky) Coal

Peat Briquettes



Source Apportionment of Particulate Matter in 

Urban and Rural Residential Areas of Ireland 

(SAPPHIRE)

1 April 2014 – 31 March 2016

http://www.ucc.ie/en/crac/research/sapphire/



• Outside the Smoky Coal
Ban Area (pop. < 15,000)

• No natural gas supply

• High usage of solid fuels
(coal, peat/turf & wood)

Monitoring Locations

• Killarney, Co. Kerry (Nov & Dec 2014)
• Enniscorthy, Co. Wexford (Jan & Feb 2015)
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Monitoring Location: Killarney



• Site is located on the western side of the town, in the 
grounds of the Community Hospital in a residential area

Monitoring Location: Killarney



• Site is located on the western side of the town, in the 
grounds of the Community Hospital in a residential area

Monitoring Location: Killarney



Instrument Parameter(s) measured Temporal 
resolution

Aerosol time-of-flight mass spectrometer 
(TSI model 3800)

Single particle size and chemical 
composition (100-3000 nm)

1 min

Scanning mobility particle sizer (TSI 
model 3081)

Particle number concentration (10-
800 nm)

3 min

Optical Particle Sizer (TSI model 3330) Particle number concentration 
(300-10000 nm)

3 min

TEOM (Thermo Electron model RP 1400a) PM2.5 mass concentration 30 min

Thermal-optical carbon analyser (Sunset 
Inc. model 3rd generation)

Elemental and organic carbon mass 
concentrations

2 hr

7-Wavelength Aethalometer (Model 
AE33, Magee Scientific) 

Black Carbon concentration 1 min

High volume sampler (Digitel model DHA 
80)

Collection of particulate matter 
(PM2.5)

6 hr

NOx analyser (Teledyne T200) NO and NOx mixing ratio 1 min

O3 analyser (Teledyne T400) O3 mixing ratio 1 min

Weather station (Casella 'Nomad') Wind speed, wind direction, 
relative humidity, air temperature, 
rainfall, pressure, solar irradiation

5 min

Instrumentation



TEOM 

PM2.5 mass concentration

• PM2.5 up to 10 times higher during evening hours



PM2.5 mass concentration

• Strong diurnal pattern



23:0017:0015:0013:0011:0009:0007:0005:0003:0001:00 21:0019:00

Sunset 
ECOC

Elemental and Organic Carbon (EC/OC)

• Strong diurnal pattern



TEOM 
Sunset 
ECOC

Elemental and Organic Carbon (EC/OC)

• Majority of PM2.5 during night-time pollution events is 
carbonaceous aerosol



Low winds – Local sources High winds – Regional sources

Influence of Meteorology

• Low wind speed – local emissions dominate
• High wind speed – regional  sources dominate



Aerodynamic lens 
(transmission of 
particles  in range 100-
3000 nm)

Sizing Region
(2 sizing lasers 532 nm)

Ionization laser
(266 nm)

Positive and negative 
time-of-flight
mass spectrometers

What is ATOFMS?
Aerosol 
Time-Of-Flight 
Mass 
Spectrometry

Single Particle Mass Spectrometry



PEAT

PEAT

WOOD

COAL

COAL

EC
Sulfate

Potassium

Assigned on the basis of combustion 
experiments 
COAL → EC & some potassium, sulfate 
dominates negative spectra
PEAT → EC & OC fragments, some 
potassium
WOOD → Potassium dominates 
positive spectra

EC

OC

WOOD

Mass Spectra: Solid Fuel Combustion



SEA SALT

TRAFFIC

AMINE/
AMMONIUM

Na
Cl

NaCl2
Na2Cl3 Sea salt characteristics:

→ sodium & chloride peaks, no EC

Traffic characteristics: 
→ calcium & phosphate (lubricating 
oil), some EC

Phosphate

Calcium

Ammonium/amine characteristics:
→ ammonium, trimethylamine, OC, 
large sulfate peak in negative spectra 

Ammonium

Mass Spectra: Other Particle Types



Transported
sea salt

ATOFMS Particle Number

• Each source category made up of several particle types



Particles from solid fuel burning
80% of PM2.5

Particle Numbers

Particles from solid fuel burning
77% of PM2.5

Particle Mass

ATOFMS: Source Contribution to PM2.5

Mass

Scaling



• Missing mass due to regional sources – organic aerosol, 
ammonium sulfate?

ATOFMS Particle Mass vs TEOM



Particles directly emitted from solid fuel combustion 
= 66% of measured PM2.5

Source contributions (% of TEOM PM2.5)  



Unidentified
30%

Marine 
and Aged

6%
Local Aged

4%Traffic
3%Amines

5%

Burning
52%

Preliminary Source Apportionment

• 5 factors identified
• Primary emissions from 

solid fuel burning             
= 52%  of PM2.5 …….but 
no separation by fuel 
type

• PMF ME-2 using ATOFMS particle classes, EC-OC, 
SMPS, OPS, NOx, Aethalometer



Aethalometer (AE-33)

• Fossil fuel (FF) contribution higher than biomass 
burning (BB) at night!  



Fuel Burning Experiments

• Peat is very similar to wood → contributes to BB
• Coal has significant absorption across the 

wavelength range → contributes to FF

470 nm 950 nm



Fuel Burning Experiments

• Derived alpha values are currently being used to 
develop our own model



• Residential solid fuel burning contributes up to 60-70% 
of PM2.5 in Killarney

• Similar results from Enniscorthy: also likely replicated in 
tens of small towns across Ireland. 

• Peat, coal and wood all contribute: Extending the smoky 
coal ban may not deliver improvements in air quality

• ATOFMS can separate contributions from coal, peat and 
wood, but not easy to deploy on a routine basis. 

• Aethalometer source apportionment model under 
development

Summary and Perspectives



Acknowledgements

John Sodeau

Ian O’Connor Eoin McGillicuddy Jovanna Arndt

Paul BuckleyStig Hellebust

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=UFJzODMDOv0rlM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=_0UAVKCjOMbk8AWQ4IH4Ag&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=UFJzODMDOv0rlM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=_0UAVKCjOMbk8AWQ4IH4Ag&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=UFJzODMDOv0rlM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=_0UAVKCjOMbk8AWQ4IH4Ag&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=UFJzODMDOv0rlM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=_0UAVKCjOMbk8AWQ4IH4Ag&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=54SgEubdfRPdWM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=VkYAVNnIAsHo8AWuwIGYAw&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=54SgEubdfRPdWM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=VkYAVNnIAsHo8AWuwIGYAw&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=54SgEubdfRPdWM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=VkYAVNnIAsHo8AWuwIGYAw&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=54SgEubdfRPdWM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=VkYAVNnIAsHo8AWuwIGYAw&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=54SgEubdfRPdWM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=VkYAVNnIAsHo8AWuwIGYAw&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=54SgEubdfRPdWM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=VkYAVNnIAsHo8AWuwIGYAw&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336


Acknowledgements

http://www.ucc.ie/en/crac/research/sapphire/

Gary Fuller

Griša Močnik Ivan Iskra

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=UFJzODMDOv0rlM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=_0UAVKCjOMbk8AWQ4IH4Ag&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=UFJzODMDOv0rlM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=_0UAVKCjOMbk8AWQ4IH4Ag&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=UFJzODMDOv0rlM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=_0UAVKCjOMbk8AWQ4IH4Ag&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=UFJzODMDOv0rlM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=_0UAVKCjOMbk8AWQ4IH4Ag&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=54SgEubdfRPdWM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=VkYAVNnIAsHo8AWuwIGYAw&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=Ao4G6PpanXFiTM&tbnid=54SgEubdfRPdWM:&ved=0CAUQjRw&url=http://www.atmchem.ges.kyoto-u.ac.jp/member-e.html&ei=VkYAVNnIAsHo8AWuwIGYAw&bvm=bv.74115972,d.aWw&psig=AFQjCNFFxxAsR9nZhGgVI4ihiYV6Qoj0wA&ust=1409390450837336

	Contribution of Solid Fuel Burning to PM2.5 in Residential Areas of Ireland
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32

