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1980s Dublin

https://www.rte.ie/archives/

https://www.rte.ie/archives/


Dublin Smog 1982

Mortality in a General Hospital 
and Urban Air Pollution 
Ian Kelly and Luke Clancy,
Irish Medical Journal, 1984, 77, 322-4

• Cold weather, temperature inversion, low wind speeds
• Very high levels of black smoke and sulphur dioxide
• Number of deaths per day doubled during the smog event and remained 

high for days afterwards 

Presenter Notes
Presentation Notes
Back to the 1980s and the first work to show the impact of poor air quality on health. Prof Clancy and co-workers showed the impact of black smoke from coal burning in homes on the number of deaths recorded per day in a Dublin hospital.



Presenter Notes
Presentation Notes
Problem persisted throughout the 1980s and we made international news for the wrong reasons. The smog in winter 88-89 was also particularly bad



Ban on Bituminous (Smoky) 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

Presenter Notes
Presentation Notes
Black smoke and its partner in crime sulphur dioxide



Extent of Bituminous Coal Ban 2014

Presenter Notes
Presentation Notes
Ban in main cities and towns with more than 15,000 population. But this is the picture in many small towns across Ireland during winter months, where the levels of PM pollution are higher then those in the cities. Shown by EPA



Research: Quantifying sources of PM2.5 in Cork City 

PM2.5
average 
(µg/m3)

Solid Fuel
Burning %

Traffic 
%

Other Local 
Sources %

Regional 
Sources %

August 2008 9.7 5 23 24 26

February 2009 16.2 50 19 21 10

https://acp.copernicus.org/articles/10/9593/2010/acp-10-9593-2010.html

https://acp.copernicus.org/articles/13/4997/2013/acp-13-4997-2013.html

Presenter Notes
Presentation Notes
Our research group in UCC has been conducting research on the sources of PM2.5 for around 15 years. In our first study in Cork city, we identified the major sources of PM2.5 and found much higher pollution levels in winter due to solid fuel burning. Even though Cork had a ban on the sale of smoky coal.

https://acp.copernicus.org/articles/10/9593/2010/acp-10-9593-2010.html
https://acp.copernicus.org/articles/13/4997/2013/acp-13-4997-2013.html


• What is the contribution of residential solid fuel burning to air pollution
levels in towns where the Ban on Bituminous Coal is not in place?

The Burning Question

Presenter Notes
Presentation Notes
SCM 2 late Oct decided Kill & Enty
Rural towns outside coal ban area 
Percieved air quality problem in Enty and colocation with EPA monitoring equipment
Kill likely to use sod peat (Turf) and Enty  more conventional coal, wood ,peat briquettes.



What is the contribution of each fuel type? 

Sod Peat (Turf)

“Smokeless” Coal

Wood

Bituminous (Smoky) Coal

Peat Briquettes

Presenter Notes
Presentation Notes
manufactured smokeless coal is created by reducing the volatile content of coal, grinding it, and mixing it with a range of fuels to form even sized charcoal blocks
Peat Briquettes are made from 100% natural materials, with no binders or additives
Peat briquettes are also much drier than turf, so they are easier to light




Source Apportionment of Particulate Matter in 

Urban and Rural Residential Areas of Ireland 

(SAPPHIRE)

2014-2016

Link to published report

https://www.epa.ie/publications/research/environment--health/research-318-source-apportionment-of-particulate-matter-in-urban-and-rural-residential-areas-of-ireland-sapphire.php
https://www.epa.ie/publications/research/environment--health/research-318-source-apportionment-of-particulate-matter-in-urban-and-rural-residential-areas-of-ireland-sapphire.php


Field Measurements

Mobile Air Monitoring Laboratory for 
measuring gases and properties of particles  



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

• No natural gas supply

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

SAPPHIRE Monitoring Locations

• Killarney, Co. Kerry (Nov & Dec 2014)
• Enniscorthy, Co. Wexford (Jan & Feb 2015)
• Birr, Co. Offaly (Nov & Dec 2015)

K

E

B

Presenter Notes
Presentation Notes
SCM 2 late Oct decided Kill & Enty
Rural towns outside coal ban area 
Percieved air quality problem in Enty and colocation with EPA monitoring equipment
Kill likely to use sod peat (Turf) and Enty  more conventional coal, wood ,peat briquettes.



PM2.5 Mass Concentration: Enniscorthy

• Average = 29 µg/m3; Range  = 0 - 237 µg/m3

• PM2.5 over 50 µg/m3  most evenings



PM2.5 Mass Concentration: Enniscorthy

• Average = 29 µg/m3; Range  = 0 - 237 µg/m3

• PM2.5 over 50 µg/m3  most evenings

WHO 24-hour mean guideline value of 25 µg/m3

exceeded on 42% of days (16 out of 38)  





Diurnal Variation in PM2.5

• PM2.5 levels peak in evening – residential solid fuel burning?



Aerosol Time-of-Flight Mass Spectrometer
• Measures chemical 

composition of  single 
particles in real-time

• Enables monitoring of 
particles from various 
sources continuously

• Uses a chemical 
fingerprint for different 
sources



Realistic fuel burning experiments
• Solid fuel stove
• House in remote location in 

Co. Tipperary  

Presenter Notes
Presentation Notes
700,000 mass spectra and k-means used to group similar mass spectra. Around 40 particle classes and then grouped further into more source categories.



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

“Fingerprints” of Solid Fuel Combustion

Presenter Notes
Presentation Notes
700,000 mass spectra and k-means used to group similar mass spectra. Around 40 particle classes and then grouped further into more source categories.



Particle sources: Enniscorthy

peat 27% wood 21%   coal 17%   peat/coal 11% ammonium/amines 6%

• 82% of PM2.5 due to residential solid fuel burning

Presenter Notes
Presentation Notes
Mass averaged to 1 day. 



Particle sources: Killarney

peat 31% wood 17%           coal 16% ammonium/amines 5%

• 72% of PM2.5 due to residential solid fuel burning

Presenter Notes
Presentation Notes
Mass averaged to 1 day. 



Particle sources: Birr

peat 26% wood 23%           coal 5% ammonium/amines 5%

• 60% of PM2.5 due to residential solid fuel burning

Presenter Notes
Presentation Notes
Mass averaged to 1 day. 



A Nationwide Problem

• Enniscorthy, Birr, Killarney, Cork, Galway, Dublin….

• 50-85% of PM2.5
due to solid fuel 
burning

• Peat > wood > coal

• PM2.5 higher in 
towns than cities

Presenter Notes
Presentation Notes
Particualte pollution in small towns was often higher than in the large cities.



Implications for policy

• A nationwide ban on smoky coal had been previously proposed…

• …But a nationwide policy to reduce emissions from all solid fuels would be 
more successful in improving air quality for all urban centres and especially 
small towns



2021

https://www.bbc.com/news/world-europe-58478718



2022



2022

“The primary focus of the 
regulations is on the large-scale, 
commercial sale of smoky fuels, 
including smoky coal, turf and 
wet wood.”



Air Quality: Monitoring and Reporting 

https://www.epa.ie/environment-and-you/air/

Presenter Notes
Presentation Notes
PM is measured at almost 100 locations across Ireland as part of the EPA monitoring network. Annual reports compare the measurements to air quality standards issued by the EU and WHO. 

https://www.epa.ie/environment-and-you/air/


Enniscorthy Winter 2022-2023

https://airquality.ie/readings?station=EPA-24

https://airquality.ie/readings?station=EPA-24


Letterkenny Winter 2022-2023

https://airquality.ie/station/EPA-64

https://airquality.ie/station/EPA-64


Are We Getting the Full Picture?

Network measurements use accurate reference methods

Which provide high quality data, but they come at a high cost (€20k-€40k) and cannot 
realistically be deployed in every town and city

Air Quality modelling can be used to “fill in the gaps”



Contribution from low cost sensors 

Sensors based on a range of technologies can be packed in a 
small device at low cost (€30-€2000)

Low-cost sensors only provide indicative values

But being low cost they can be widely distributed and used in 
a network to generate a more detailed map of air quality

Used by local authorities, citizen science and community level 
air quality monitoring projects

Presenter Notes
Presentation Notes
But there is another way to get a fuller picture because over the last 5 years or so, we have seen the emergence of low cost sensors for measuring PM2.5



Cork City PM2.5 Monitoring Network

• First Air Quality sensor network in Ireland developed in partnership with Cork City 
Council. Continuous live reporting of PM2.5 concentrations to the public.

http://corkairquality.ie/

http://corkairquality.ie/


Comparing Air Quality in Different parts of Cork City

https://pubs.rsc.org/en/content/articlelanding/2023/ea/d2ea00177b

• Analysed data collected by 
16 sensors during 2021

• Winter measurements show 
large evening peaks which 
vary by location

Presenter Notes
Presentation Notes
Sensors can provide useful information on the variation of pollution across a town or city. Potential for providing an improved assessment of pollution exposure, based on the area that people live in. 


https://pubs.rsc.org/en/content/articlelanding/2023/ea/d2ea00177b


Summary 

• Solid fuel burning is still the dominant source of PM2.5 during winter in Ireland 

• All solid fuels contribute (peat>wood>coal)

• Pollution in towns is often higher than in cities

• Low-cost sensors have good potential for 
delivering supplementary PM2.5 measurements

• New policy seeks to reduce emissions from 
solid fuel burning  - good implementation  is 
needed

• Further research will be required to assess the 
impact of the policy on ambient PM2.5

Presenter Notes
Presentation Notes
This is of course recognised by the Government and is the cornerstone of the recently published Clean Air Strategy for Ireland. I sincerely hope that the implementation of the strategy matches the intentions. 





Extra Slides

Presenter Notes
Presentation Notes
Observed impact on SO2 variable….not sure why. Other aspects reduced SO2 levels (cleaner automobile fuels)…Anyway, SO2 is no longer a problem
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Extension of Smoky Coal Ban

1990     Dublin 
1995 Cork City
1996 Arklow, Drogheda, Dundalk, Limerick City, Wexford

Town
2000     Celbridge, Galway City, Leixlip, Naas, Waterford City 
2003     Bray, Kilkenny, Sligo, Tralee
2011     Athlone, Carlow, Clonmel, Ennis
2013 Greystones, Letterkenny, Mullingar, Navan,  

Newbridge, Portlaoise

Significant reductions in Black Smoke observed in all cities 
and towns after the ban (up to 2000)
(Goodman et al, J. Air & Waste Manage. Assoc. 2009, 59:207–213)

Presenter Notes
Presentation Notes
Observed impact on SO2 variable….not sure why. Other aspects reduced SO2 levels (cleaner automobile fuels)…Anyway, SO2 is no longer a problem



Instrument Parameter(s) measured Temporal 
resolution

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

Single particle 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

Key Instrumentation

*

*



PM2.5 Mass Concentration: Killarney

• Average = 15 µg/m3; Range  = 1-135 µg/m3

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



PM2.5 Mass Concentration: Birr

• Average = 8 µg/m3; Range  = 0 - 63 µg/m3

• Stormy weather resulted in lower mass concentrations



• Regular daily patterns of PM2.5 pollution with evening peaks up 
to ten times higher than daytime levels. 

• Huge spikes in pollution when wind speeds and temperatures 
were low. 

• On average 60-82% of the PM2.5 pollution was due to 
residential solid fuel burning. 

• The burning of peat was the dominant source, 
followed by wood and then coal.

Summary 

Link to published report

Presenter Notes
Presentation Notes
Through our research we have found that 50% of particulate pollution in Cork during winter is jdue to solid fuel burning.
Ongoing study in a small town – Killarney.

https://www.epa.ie/publications/research/environment--health/research-318-source-apportionment-of-particulate-matter-in-urban-and-rural-residential-areas-of-ireland-sapphire.php
https://www.epa.ie/publications/research/environment--health/research-318-source-apportionment-of-particulate-matter-in-urban-and-rural-residential-areas-of-ireland-sapphire.php


Monitoring Network in Dungarvan

• 25 sensors providing 
continuous measurements 
to help validate and 
improve air quality models 
used in forecasting

https://www.epa.ie/environment-and-you/air/life-emerald/

https://www.epa.ie/environment-and-you/air/life-emerald/
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