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Foreword 

Monitoring of the quality of all environmental media and the publication of periodic 
reports reviewing the state of such media are some of the primary responsibilities of 
the Environmental Protection Agency. This report is the first of such assessments by 
the Agency regarding air quality and related issues in the country. It continues a 
series of national overviews of this topic begun byAn Foras Forbartha in 1983. 

This volume concludes that, like most countries, much progress has been made in 
Ireland towards eliminating the classic urban air pollutionproblems associated with 
sulphur and smoke emissions. Road traffic has now become the greatest potential 
source of air pollution generally, and concern has clearly shifted to a range of traffic
related pollutants which may be considered relatively new in terms of air quality 
control. These include nitrogen dioxide, carbon monoxide and a range of organic 
compounds, derived mainly from petrol engines, and fine particulates emitted by 
diesel vehicles, as well as secondary pollutants such as ozone. In addition, global 
impacts such as the greenhouse effect have led to the need to control emissions of 
other gases, such as carbon dioxide and methane, originally considered to be 
relatively harmless. 

Air quality monitoring and management systems must be adapted to account jor these 
changing pollution problems and abatement priorities, as well as new concepts in 
environmental assessment and ever-increasing control legislation. Furthermore, it is 
now increaSingly imp'ortant to keep the public more fully informed in relation to air 
pollution episodes and important trends in air quality. This requirement has already 
become a specific component of the recent EC Directive on air pollution by ozone 
and will be a key element of forthcoming arrangements for the assessment and 
management o/air quality in the European Community. The EP A is committed to the 
achievement of these objectives and this report series is intended to play an important 
part in the process. 

As part of established work programmes, the EPA already provides much of the 
scientific support for national air quality control policy and reporting obligations 
under various EC air quality Directives and wider international emission-control 
protocols using regularly updated databases on air quality, pollutant emissions and 
acid deposition. The present review provides an overall account of the ongoing 
tasks in relation to these issues and an up-to-date picture of air quality trends in 
Ireland. The conclusions drawn in the report will contribute to the development of a 
new national air quality monitoring programme and encourage initiatives to expand 
data collection for improving emission inventories and for testing new approaches to 
environmental quality assessment. 

W.M. McCumiskey, Director General, EPA. 



Acknowledgements 

The authors gratefully acknowledge the co-operation and assistance of the all Local 
Authorities, the Electricity Supply Board, the Department of Energy, the Department 
of the Environment, the Meteorological Service, TEAGASC, the Central Statistics 
Office, and all others who supplied information for, or otherwise contributed to, the 
completion of this report. 

iv 



CONTENTS 

Foreword ........................................................................................................... iii 

Acknowledgements ........................ ~ .................................................................... iv 

L · ifF' .. 1St 0 19ures .......... ......................................................................................... VB 

List o/Tables ................................................................................................... viii 

1 SUMMARY AND CONCLUSIONS 1 

1.1 Introduction ..................................................................................... 1 
1.2 Summary .......................................................................................... 2 
1.3 Conclusions ..................................................................................... 3 

2 EMISSIONS 7 

2.1· Need for Emissions Data ................................................................. 7 
2.2 Emissions of Primary Pollutants ........ ~ ............................................ 8 
2.3 Emissions of Greenhouse Gases .................................................... 12 
2.4 Emissions from Large Combustion Plants .................................... 14 
2.5 Spatial Referencing of Emissions ................................................. 15 
2.6 Conclusions .................................................................................... 19 

3 DEPOSITIONS 20 

3.1 Introduction ................................................................................... 20 
3.2 Precipitation Chemistry .................................................................. 20 
3.3 Deposition Mapping ...................................................................... 24 
3.4 Non-Marine Sulphate .................................................................... 25 
3.5 Nitrate .and Ammonium ................................................................. 25 
3.6 Acidity ................................................................................... , ....... 26 
3.7 Long-Range Transport of Sulphur and Nitrogen ........................... 31 
3.8 Conclusions ................................................................................... 32 

V 



4 CONCENTRATIONS OF SMOKE AND SULPHUR DIOXIDE 34 

4.1 Monitoring Networks ................. ; .................................................. 34 
4.2 Quality Standards for Smoke and S02 .......................................... 35 
4.3 Smoke Concentrations in Dublin .................................................. 36 
4.4 S02 Concentrations in Dublin ....................................................... 39 
4.5 Smoke and S02 Concentrations in Cork City ............................... 40 
4.6 Smoke and S02 Concentrations at other Sites .............................. 41 
4.7 Fine Particulate Matter .................................................................. 42 
4.8 Conclusions ................................................................................... 43 

5 CONCENTRATIONS OF NITROGEN OXIDES AND LEAD 44 

5.1 Introduction ................................................................................... 44 
5.2 NOx Monitoring ............................................................................ 45 
5.3 Concentrations ofN02 in Dublin .................................................. 46 
5.4 Temporal Variations in NOx Concentrations ............................... 48· 
5.5 Concentrations of Lead ................................................................. 50 
5.6 Conclusions ....................................... : ........................................... 51 

6 CONCENTRA TIONS OF OZONE 52 

6.1 Introduction ................................................................................... 52 
6.2 Ozone Monitoring Network .......................................................... 52 
6.3 Rural Ozone Concentrations ......................... .' ................................ 55 
6.4 Ozone Concentrations in Dublin ................................................... 57 
6.5 Ozone Diurnal Cycles .................................................................... 58 
6.6 Critical Levels for Ozone .............................................................. 61 
6.7 Conclusions ................................................................................... 62 

7 FUTURE DEVELOPMENTS AND DATA REQUIREMENTS 63 

7.1 EC Policy on Air Quality .............................................................. 63 
7.2 Future National Responsibilities ..................... : ............................. 64 
7.3 Air Quality Monitoring and Data Requirements ........................... 64 
7.4 Critical Loads ......................... ; ...................................................... 65 

References ................................................................................................. 67 

Appendix A Smoke and S02 Monitoring Stations 

VI 



List of Figures 

Figure Page 

2.1 S02 Emissions by Fuel Category ............................................................ 10 

2.2 NOx Emissions by Fuel Category ........................................................... 10 

2.3 CO2 Emissions by Source Category 1985-1993 ..................................... 13 

2.4 Contributions of Basic Fuel Types to CO2 Emissions ............................ 13 

2.5 Spatial Reference Frames for Emissions Data ........................................ 16 

2.6 Emissions Rates in 1990 on the OECD Grid .......................................... 17 

3.1 Monitoring Sites for Precipitation Chemistry ...................... : .................. 22 

3.2a Rainfall-weighted Mean Concentration of Non-marine Sulphate ........... 27 

3.2b Annual Deposition of Non-marine Sulphate ........................................... 27 

3.3a Rainfall-weighted Mean Concentration of Nitrate .................................. 27 

3.3b Annual Deposition of Nitrate .................................................................. 27 

3.4a Rainfall-weighted Mean Concentration of Ammonium .......................... 29 

3.4b Annual Deposition of Ammonium .......................................................... 29 

3.5a Rainfall-weighted Mean Concentration of Hydrogen Ion ....................... 29 

3.5b Annual Deposition of Hydrogen Ion ....................................................... 29 

4.1 Smoke Concentrations in the Dublin Corporation Network .................. 36 

4.2 Smoke Concentrations in the Dublin County Council Network ............ 37 

4.3 S02 Concentrations in the Dublin Corporation Network ....................... 39 

4.4 S02 Concentrations in the Dublin County Council Network ................. 39 

4.5 Smoke Concentrations in the Cork Corporation Network ..................... 40 

4.6 S02 Concentrations in the Cork Corporation Network. .......................... 41 

5.1 N02 Concentrations at College Street 1988-1993 .................................. 46 

5.2 N02 Concentrations at Rathmines 1988-1993 ........................................ 47 

5.3 NO and N02 Diurnal Cycles for Weekdays and Weekends ................... 48 

5.4 NO and N02 Diurnal Cycles for Summer and Winter. ........................... 49 

5.5 Annual Mean Lead Concentrations in Dublin 1986-1993 ...................... 50 

6.1 Ozone Monitoring Stations ..................................................................... 54 

6.2 Cumulative Frequency Distributions of Ozone Concentrations .............. 58 

6.3 Ozone Diurnal Cycles for Summer and Winter ...................................... 59 

6.4 Diurnal Cycles for NO, N02 and Ozone in Summer .............................. 60 

6.5 Diurnal Cycles for NO, N02 and Ozone in Winter ................................. 60 

vii 



List of Tables 

Table Page 

2.1 Emissions of Primary Pollutants 1980, 1985 and 1990-1993 .............. 9 

2.2 Emissions ofS02 and NOx from Large Combustion Plants .............. 14 

3.1 Monitoring Sites for Precipitation Chemistry .................................... 21 

3.2 Ion Concentrations in Rainfall 1986-1990 ......................................... 23 

3.3 Ion Concentrations in Rainfall 1990-1993 ......................................... 23 

4.1 Air Quality Standards for Smoke and S02 .................................. : ...... 35 

4.2 Exceedences ofEC Limit Values for Smoke in Dublin ..................... 38 

4.3 Cork Corporation 98-percentile Smoke Concentrations .................... 41 

4.4 Smoke Concentrations for Various Local Authority Networks ......... 42 

5.1 Annual Mean N02 Levels at ESB Passive Sampling Sites ................ 47 

5.2 Monthly N02 Statistics for College Street 1993 ................................ 50 

6.1 EC Thresholds and WHO Guide Values for Ozone ........................... 53 

6.2 Ozone Concentrations at Mace Head 1988-1993 ............................... 55 

6.3 Monthly Ozone Statistics for Mace Head 1993 .................................. 56 

6.4 Ozone Concentrations at Killkitt and Glashaboy 1994 ...................... 56 

6.5 Ozone Concentrations in Dublin 1991-1994 ...................................... 57 

6.6 Monthly Ozone Statistics for Pottery Road 1993 ............................... 58 

Vlll 



Chapter One 

SUMMARY AND CONCLUSIONS 

1.1 Introduction 

A major review of air quality in Ireland during the period J 981 through 1991 was 
published in 1993 (McGettigan, Q'Donnell and Bowman, 1993). The report 
presented detailed information on air quality and acid deposition in the country and 
outlined all relevant air quality and emission control mechanisms, of both national 
and international nature, then in place in this country. 

The principal objective of the present report, the first of its kind by the Environmental 
Protection Agency, is to provide new and updated information on air quality 
throughout the country, assess the cun-ent level of emissions and depositions of 
important air pollutants and describe important new developments in the monitoring 
of ambient air quality. 

Other objectives are to identify where improvements are necessary in existing air 
quality monitoring networks and to assess what additional information should be 
gathered on a range of parameters not cun-ently subject to routine measurement. The 
report also provides important up-to-date material as background to the first EPA 
report on the state of the environment in Ireland. 

The report concentrates on an examination of the emissions, depositions and ambient 
concentrations of those air pollutants and related compounds monitored or otherwise 
routinely investigated in this country during the period 1984 through 1994, generally. 
Much of the ongoing work on these issues, particularly that concerning pollutant 
emissions and air quality monitoring, continues to be driven by long-standing 
commitments and reporting obligations imposed by various EC Directives and wider
scale international agreements and protocols. Some important new developments have 
also been undertaken largely in response to additional obligations of a similar nature. 
The review of air quality is based on data generated by various monitoring networks 
operated by Local Authorities,the EPA and some other organisations. A more 
detailed analysis than previously possible is given in respect of some pollutants. 



1.2 Summary 

Emissions data for some of the most important air pollutants and greenhouse gases in 
Ireland are presented in Chapter Two. Current trends in the level of national 
emissions for some of these compounds are assessed in the light of relevant emissions 
ceilings or reduction targets prescribed by EC Directive or other international 
agreements to stabilise or reduce emissions. Some of the difficulties and data gaps 
associated with producing reliable data of this type are discussed and the need to 
expand the work to include more information from individual emitters is underlined. 

The level of deposition of acidity and related compounds in Ireland is assessed in 
Chapter Three, based on the best available information on the chemical composition 
of precipitation from monitoring sites throughout the country, including Northern 
Ireland. The data are presented in the form of national maps depicting the spatial 
deposition patterns of the parameters normally of most concern in rainfall. The 
importance of long-range transport to deposition in Ireland is discussed and the need 
to expand and co-ordinate existing monitoring and analysis of rainfall chemistry is 
highlighted. 

Air quality standards exist in Ireland for smoke and sulphur dioxide (S02), lead and 
nitrogen dioxide (N02)' Air quality monitoring is largely devoted to ensuring that 
such standards are maintained and to implementing the EC Directives on these 
pollutants, whose respective limit values the quality standards reflect. In this context, 
a detailed assessmttnt of data on smoke and sulphur dioxide data from all monitoring 
sites is given in Chapter Four while the available information on nitrogen oxides and 
lead is examined in Chapter Five. 

The effects of smoke control measures in Dublin on ambient levels of smoke in the 
city are examined quantitatively and the position regarding compliance with the 
quality standards in Cork in recent years is assessed in the light of the decision to 
introduce similar measures in the city. The need to establish baseline data on fine 
particulate matter, as distinct from black smoke, and to increase the level of 
monitoring of nitrogen oxides in urban areas are considered. 

A recent development regarding the surveillance of ambient air quality in Ireland has 
been the establishment, during 1994, of a network of sites to monitor ozone levels 
throughout the country, in accordance with a recent EC Directive on ozone. The 
ozone monitoring network employs . state-of-the-art measurement techniques and data 
telemetry systems to make available, via a computerised network control centre, real
time information on ozone concentrations at the monitoring sites. A description of 
the network with regard to its primary objective, and its applicability for other 
purposes, is given in Chapter Six. This chapter also' contains the first results of 
monitoring at two of the new sites and an assessment of typical urban and rural ozone 
levels in recent years for two previously established sites. 

Experience in the implementation of air quality Directives adopted to date has 
identified the need for a more harmonised and flexible means of air quality 
assessment and management in the European Community. Recent proposals have 

2 

I 



outlined a framework for undertaking this task, with long-tenn objectives. These are 
discussed in Chapter Seven. 

1.3 Conclusions 

(aJ Pollutant Emissions. 

National emissions of some pollutants and greenhouse gases increased over the period 
of review, but there have jJeen notable reductions in the case of others. It is clear that, 
during the late 1980s and early 1990s, the increases which occurred in total emissions 
have been largely due to the traffic sector, while emissions for other sectors remained 
relatively stable, or decreased in some cases. 

Emissions of sulphur dioxide (S02) in 1993 were about 157,000 tonnes which is 30 
percent lower than their highest levels of the early 1980s. This favourable position has 
allowed Ireland to sign the Oslo Protocol, agreed in 1994 by Parties to the Convention 
on Long-Range Transboundary Air Pollution, as the latest step to continue the 
reduction in sulphur emissions in Europe over the next ten years. 

Power stations still accounted for almost two-thirds of total S02 emissions in 1993, 
even though the large Moneypoint coal-fired station was under-utilised. However, the 
S02 emissions from large combustion plants, detennined largely by power stations, 
remain well within the limit of 124,000 tonnes set by EC Directive 88/609/EEC 
(CEC, 1988). The industrial sector produced approximately 30,000 tonnes of S02 in . 
1993 which is less than halfthe corresponding value in 1980. 

The emissions of nitrogen oxides (N0x) have increased steadily in recent years. 
Traffic is now the largest source of these emissions, accounting for almost half the 
total in 1993. The upward trend in NOx emissions from power stations has been 
reversed by retro-fitting NOx controls at a number of the larger stations since 1992, 
mainly to comply with commitments Wider the Sofia Protocol and a ceiling of 50,000 
tonnes for large combustion plants, also imposed by Directive 88/609/EEC. It is 
likely that it will take several xears before the benefits accruing from catalytic 
converters are sufficient to stop the current upward trend in NOx emissions from 
traffic sources. This is also true in the case of the emissions of volatile organic 
compounds (VOC), a large proportion of which are also derived from traffic. 

National emissions of carbon dioxide (C02), the main greenhouse gas, continue to 
increase with little change expected in the forseeable future due to the heavy reliance 
of energy requirements on fossil fuel combustion. Emissions of CO2 in Ireland were 
approximately 32 million tonnes in 1993, with power stations accounting for almost 
40 percent of the total. 

Emission inventories are an important element of air quality assessment and controL 
In this regard, the establishment of a national emission register for industry and major 
emitters, now being considered by the EP A, is recognised as a necessary step towards 
improving current estimates of ,NOx and volatile organic compounds (VOC) 
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emissions from source categories such as industrial combustion, industrial processes 
and solvent use. Further development of inventories for m,ethane and nitrous oxide is 
required to improve the estimates required under the Framework Convention on 
Climate Change. 

Estimates of emissions from road traffic in Ireland are based entirely on a 
methodology which uses measurement data from other countries. The estimates 
could be improved by undertaking some research on emission rates from a range of 
in-use vehicles on Irish roads in order to validate the currently applied methodology 
for the Irish vehicle fleet. Emissions projection for the road traffic sector is an area 
requiring a lot of work in the immediate future. 

(b) Depositions 

There has been very little overall change detected in annual mean deposition amounts 
over recent' years. It is clear that the transport of air pollutants from the United 
Kingdom and Europe still has a considerable influence on the annual deposition rates 
of non-marine sulphate and oxidised nitrogen in Ireland. Approximately 50 percent 
of non-marine sulphate and 75 percent of nitrate deposited annually is imported. In 
the case o~ ammonia, 90 percent of deposition is due to sources in Ireland. 

The deposition ?f sulphur from anthropogenic sources remains low over the greater 
part of Ireland and is likely to decrease as S02 emissions continue to decrease in 
Europe. Total nitrogen deposition, resulting from emissions of both nitrogen oxides 
and ammonia, at approximately 1 kg N/ha/year in some areas is quite considerable, 
and is now the acidifying agent of greatest potential impact, as major reductions in the 
emissions responsible are unlikely for several years. 

Th~ impacts of acidifying depositions in Ireland are generally only examined in 
small-scale studies over short time scales. A more complete national assessment 
could b~. achieved by application of the critical loads concept, where actual loads are 
compared with thresholds for adverse effects. To date, this concept has received only 
limited study in Ireland. There is also a need to develop an improved national 
network of stations for detailed monitoring of the deposition of acidity and related 
compounds generally, and for future work on critical loads. This is being taken into 
c,tccount in a new national air quality monitoring programme being developed by the 
EPA. 

(e) A ir Quality 

Smoke control measures have clearly resolved the problem of urban smog in Dublin 
and smoke concentrations throughout the city are now at very acceptable levels. 
However, such measures may have had very little impact on the concentration of 
PM IO (particulate matter less than 10 microns in diameter) present in ambient air, the 
fraction of total particulates which is potentially the most serious in terms of effects 
on human health. . 
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The extension of smoke control legislation to Cork City in early 1995 was a welcome 
development, given the deterioration in air quality evident at some sites in Cork in 
recent years. The emissions of smoke in some medium-sized population centres, such 
as Limerick and Dundalk, are also clearly significant, and EC limit values for black 
smoke may be approached at some monitoring sites, depending on winter-time 
meteorological conditions. In line with reduced S02 emissions, ambient S02 levels 
remain very low in all areas monitored for this pollutant. 

At present, there are only two continuous monitoring stations for urban NOx in the 
country. At one of these sites, guide values for N02 prescribed by EC Directive 
85/203IEEC (CEC, 1985) have been consistently breached and the limit value has 
been approached on a number of occasions. The emissions of nitrogen oxides from 
traffic are unlikely to show substantial reductions for several years and NOx levels 
related to this source need to be monitored closely in major urban areas. Some 
expansion of continuous monitoring is therefore required in urban areas to fully 
implement Directive 85/203/EEC. The results of sampling surveys currently being 
undertaken, employing passive diffUSion tube methods, will be useful in selecting the 
additional continuous monitoring sites. 

The available information on ozone indicates no problems Que to this pollutant in 
Ireland. Annual mean values are about 70 ~g/m3 (35 pp b) in' non-urban areas with a 
depression in the concentration field of up to 30 ~g/m3 over major urban centres. 
Maximum hourly concentrations very rarely reach the population information 
threshold of 180 ~g/m3 for one-hour values and there are very few occurrences of 
eight-hour mean values in excess of the 11 0 ~g/m3 threshold for effects on human 
health. 

Based on the information available from existing monitoring programmes, air quality 
in Ireland may be described as very satisfactory in terms of existing national air 
quality standards, or other guidelines in the case of air pollutants for which national 
standards have not been adopted. Ambient levels of smoke, S02, N02 and lead are 
generally very much below the limits prescribed for the respective pollutants and 
ozone levels are clearly well within guideline values. However, when meteorologici:tl 
conditions are unfavourable, there is the potential for limit values for both smoke and 
N02 to be closely approached on occasion at some monitoring sites.' .' .. 

Overall, air pollution associated with S02 and smoke emissions from stationary 
combustion s'6urces has been almost eliminated in Ireland. As a result, road traffic has 
become potentially the greatest source of air pollution generally, and attention has 
clearly shifted to a range of pollutants associated with this source which may be 
considered relatively new in terms of air quality controL With lead in urban air now 
at very low levels, the most important of these pollutants are N02, ground level 
ozone, PM 10, carbon monoxide and a wide variety of organic compounds including 
carcinogens such as benzene. 

The need for more infonnation on all such compounds is growing. To meet this need, 
a major study is being undertaken to establish the ambient levels of PM 10 and a range 
of petroleum-based organic compounds in Dublin. The investigation is designed to 
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show how the levels compare with established guidelines and to evaluate the need for 
ongoing monitoring. Recent EC proposals for the assessment and management of air 
quality suggest that the list 'of regulated substances in air may be significantly 
extended in the next ten years and much more detailed information will be required to 
support the assessment process and to keep the public adequately informed on air 
quality_ The study on PM IO and organic compounds will provide valuable baseline 
data in relation to guidelines or limits which may be specified for these compounds in 
the future. Additional monitoring may be necessary if regulatory controls are adopted 
for any of the compounds concerned. 
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Chapter Two 

EMISSIONS 

2.1 Need for Emissions Data 

A wide range of measures are now being applied, nationally and ,internationally, to 
reduce the concentrations of primary air pollutants, control acid deposition and 
photochemical smog and address the problems of glpbal warming and stratospheric 
ozone depletion. A common feature of most of these measures is the need for reliable 
information on the mass emissions of primary pollutants and greenhouse gases in all 
countries and for harmonised methods for estimating these emissions. The 
implementation of important emissions control agreements currently in place for 
some pollutants, such as sulphur dioxide and nitrogen oxides, requires a knowledge of 
the emissions of these pollutants on an annual basis and annual reporting of emissions 
is a basic obligation for the parties concerned. National responsibilities in this area 
are increasing as control strategies are developed for other pollutants and individual 
greenhouse gases. 

Much progress has been made in recent years in developing an efficient air pollutant 
emission inventory system with international co-operation under -the EC CORINAIR 
programme. This programme continues to develop. an efficient methodology for 
providing spatially-referenced emissions data and related information necessary for 
the formulation and implementation of environmental policy on air quality and 
pollutant emission control. A recent CORINAIR project involved the compilation of 
emissions of eight air pollutants and greenhouse gases in 1990 and up to 30 European 
countries, including Ireland, took part. The CORINAIR system has been adopted as 
the preferred methodology for compiling emission inventories in many of these 
countries. 

Ongoing participation in the CORINAIR programme will continue to be a major task 
in relation to emission inventories and activities are likely to expand in order to meet 
the data needs of the European Environment Agency (CEC, 1990). At the EC level 
also, Member States must report emissions of sulphur dioxide (S02) and nitrogen 
oxides (N0x) from existing large combustion plants on an annual basis from 1990 as 
part of the implementation of the EC Directive on Large Combustion Plants (CEC, 
1988). Emissions data and reduction strategies for carbon dioxide (C02) and other 
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greenhouse gases, such as methane (CH4) and nitrous oxide (N20), must also be 
reported under the Monitoring Mechanism for CO2 (CEC, 1993). 

On an even wider scale, national emissions data on S02, NOx' volatile organic 
compounds (VOC), CH4, carbon monoxide (CO) and ammonia (NH3) must be 
submitted annually to the Executive Body of the Geneva Convention on Long-Range 
Transboundary Air Pollution as part of reporting obligations related to various 
Protocols adopted under the Convention (UN, 1985, 1988 and 1991). The European 
Modelling and Evaluation Programme (EMEP) applies these annual emissions data 
for assessing emission/deposition relationships on the European scale and for 
calculating pollutant import/export budgets for member countries. Also under the 
ambit of UNECE, current and projected emissions of several greenhouse gases and 
ozone precursors, as well as plans for their control, are required for the 
implementation of the Framework Convention on Climate Change (FCCC). 

The Environmental Protection Agency compiles annual emission inventories of all 
major air pollutants and greenhouse gases to meet these needs. In addition, the data 
are used as a basis for emissions projection, for developing national control strategies 
and for use in the interpretation of air quality and acid deposition measurements. 
Similar inventories have not been developed in the case of ozone-depleting 
substances, such as chlorofluorocarbons (CFC), due to the lack of information 
available and, in any event, having regard to the objective of a complete phase-out of 
their use under existing international agreements. The format and content of Irish 
emission inventories is largely dictated by the data needs of the international 
organisations. The methodology used is based mainly on the CORINAIR system, 
except in the case of greenhouse gases where the guidelines of the Intergovernmental 
Panel on Climate Change (IPCC) have had to be taken into account. 

2.2 Emissions of Primary Pollutants 

Estimates of the etpissions of S02, NOx, VOC, CO and smoke in the years 1980, 
1985 and 1990 through 1993 are presented in Table 2.1. Comparisons between 1980 
and 1992 of the emissions of S02 and NOx, the pollutants which have consistently 
received the most attention over this period in terms of abatement strategies, are given 
on Figure 2.1 and Figure 2.2, respectively, according to fuel type. Because emissions 
of most pollutants in Ireland are determined largely by the combustion of fuels, a 
simple source-sector classification, based on that used by the Department of Energy 
for compiling national energy balances, has been adopted for the purposes of this 
report. Much more detailed source-sector classifications are used for supplying 
emissions data to international inventories such as CORINAIR (McGettigan, 1993) 
and FCCC (OECD, 1991) but are not considered appropriate here. 

A comparison of emission estimates for 1980 with current values shows some 
important changes which have taken place in the emissions of some pollutants since 
1980. Total emissions of S02 have decreased by about 30 percent over the period, 
the reduction having been achieved largely through fuel switching in all stationary 
combustion source categories. Emissions of S02 from industrial combustion have 
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decreased by more than 60 percent since 1980, reflecting a major move to natural gas 
consumption at the expense of heavy fuel oil and the decrease in the sulphur content 
of gas oil. 

Table 2.1. Emissions of Primary Pollutants, 1980, 1985 and 1990 -1993 (Tonnes). 

Power 
Plants 

1980a 101500 
1985b 39340 

S02 1990c 103030· 
1991 104875 
1992 96550 
1993 87190 

1980a 27300 
1985b 29040 

NOx 1990c 46370 
1991 45050 
1992 51540 
1993 46500 

1980a 100 
1985b 80 

VOC 1990c 250 
1991 240 
1992 260 
1993 250 

1990c 3300 
1991 3320 

CO 1992 3460 
1993 3350 

1990 11480 
Smoke 1991 13020 

1992 13570 
1993 12290 

a Bailey,1988. 
b McGettigan, 1989. 
c McGettigan, 1993. 

Res/Com 
Combustion 

34700 
39730 
30375 
31500 
25430 
32030 

4100 
6710 
6710 
6730 
6380 
7440 

12400 
16540 
7950 
8380 
5830 
6650 

79560 
79630 
63700 
66650 

23320 
22080 
15730 
17550 

Industrial Transport Other Total 
Combustion Sourcesd 

78600 5400 2200 222400 
55450 4380 2290 141190 
38000 5790 700 177910 
34950 6650 1095 179070 
31220 6680 700 160580 
29785 7275 590 156870 

8200 34800 8300 82700 
8180 35450 5710 85090 

10760 48980 2890 115720 
10910 53920 2525 119120 
10010 54070 2680 1"24680 
8760 57110, : 2630 122450 

200 ·34800 31800 79200 
570 24300 22240 63730 
340 63490 ·124990 197020 
310 65180 125860 199970 
210 66340 126000 198640 
170 68600 126080 201750 

890 308420 38880 431050 
670 314790 29500 427920 
570 305620 . 29500 402850 
430 316550 29500 416480 

1250 4810 0 40860 
960 4055 20 40140 

1060 4060 10 34440 
1000 4430 10 35270 

d The inclusion of estimates for agriculture, waste treatment and disposal and natural sources from 
1990 (due to CORINAIR requirements) changed considerably the total for VOC. 
Estimates for years after 1990 have been made on the same basis as for 1990. 

The emissions ofS02 from power plants were less than 40,000 tonnes in 1985, due to 
large consumption of natural gas before the commissioning of the Moneypoint power 
station. Subsequently, coal used in Moneypoint quickly became the principal 
sulphur-emitting fuel in power' plants and emissions. increased again to reach their 
1980 level by 1990. The decrease in emissions from electricity generation since 1991 
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results largely from a decrease in the sulphur content of .the coal.burnedat 
Moneypoint but also reflects some under-utilisation of this station in, 1 993due to ,the 
installation of 10w-NOx burners. • ,.: 

Unlike 802, emissions of NOx have increased steadily over the past 15 years and it is 
only now. that abatement strategies for this pollutant~ ate . begiiming to ,show~'some 
results. The greatest increases have been. in, the power. generation. and road transport 
sectors which together account for more than 80 percent of NOx emissions in Ireland. 
Emissions ofN<\from other sectprs,have.remaineg·r~latively'unchanged. The retro
fitting of 10w-NOx burners at some power plants sin~e 19'9i has already brought 
about a reduction in NOx emissions from that sector; In the case of traffic, it will take 
many years before catalytic converters attain sufficient share brthe car -fleet to offset 
the upward trend in NOx ,emissions .ft:9m,this soui-~~:':: .', ';,' " ; ,,' 

. .~ -", - • _ ... "'1, \~d.". .. 

The trend of decreasing SO~~emissig~~'~d incr:i~.ed;~Ox e~is'~ions de~~;ibed above 
is typical of that which has occurred throughout Europe since 1980. Major reductions· 
in 802 emissioris have been 'achievea. :iii most couritries, mainlY. through· programmes 
designed to comply with,th~ requiremepts of th~' Helsinki Protocol (1}N,' 1985) and 

. ! " ;" ~ ~ 1 ,_., .' , . • , I ' , ( ,I i ('\ I" - , " 

the LCP Directive. In tliecase of,.NOx' however; _ ~he target,~,of the Sofia Protocol 
(UN, -1988) and the LCP bire2tive ~av~proved tTI!lcl) more diffICUlt to a~hlev~. 
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The Oslo Protocol on emissions of sulphur was agreed in 1994 and is designed to 
bring about substantial further reduction in S02 emissions over the next 10 years. It 
replaces the Helsinki Protocol (UN, 1985) which imposed a. uniform emission 
reduction of 30 percent for parties by 1993 over 1980 levels. Ireland was not a 
signatory to the Helsinki Protocol, but nevertheless met the target (Table 2.1). The 
new protocol is not based on uniform percentage reductions. Instead, it sets targets 
for each country broadly in accordance with the contribution their S02 emissions 
make to exceedance of critical loads, Le. the rate of sulphur deposition above the 
threshold for adverse effects. Accordingly, Ireland has now signed the Oslo Protocol, 
with a commitment that S02 emissions in the year 2000 will again be 30 percent 
lower than in 1980, giving a national target in that year of some 157,000 tonnes, 
which is approximately equal to the level of emissions in 1993. 

Ireland has ratified the Sofia Protocol on NOx emissions (UN, 1988) which requires 
that national emissions be stabilised at the 1987 level of 105,400 tonnes by 1994. 
Given the trend shown for the period 1990 through 1993 in Table 2.1, NOx emissions 
for 1994 are likely to be somewhat in excess of 105,400 tonnes, even if the total from 
the electricity generating sector is further reduced. However, the expected excess can 
be largely accounted for numerically by some changes in the methodology used for 
estimating emissions from road traffic. This methodology (Eggleston et aI, 1989) 
was first applied to estimate emissions from this sector in Ireland for 1985 as part of 
the CORINAIR 1985 Inventory (McGettigan, 1989). It was again used for 1987 in 
arriving at total NOx emissions of 105,400 for that year. The methodology then 
underw~nt further development for use in the CORINAIR 1990 Inventory (Eggleston 
et aI, 1991) and some emission factor data were revised, resulting in higher estimates 
of emissions overall for the road traffic sector. 

Emission estimates for VOC remain highly uncertain in absolute terms. Nevertheless, 
it may be stated that the emissions of these compounds in Ireland have also been 
increasing for many years and road traffic has again played a very significant rok 
Agreements for the control of VOC emissions, based largely on the need to limit 

. episodic ozone formation have been a relatively recent development, compared with 
those for S02 and NOx' The achievement of large-scale reductions from traffic 
sources appears just as difficult as in the case of NOx and controls related to the use 
of solvents, the other most important anthropogenic source of VOC, will also be 
required before there is any substantial decrease in emissions. 

Approximately 75 percent of CO emissions emanate from traffic sources (Table 2.1) 
and, while the trend for CO from this sector is again upward, total emissions in 
Ireland are also dependent on the amount of peat and coal used in residential heating. 
Vehicle exhausts are the only source of CO emissions subject to ongoing control and 
the evolution in total emissions will therefore depend almost entirely on the 
effectiveness of current and future abatement technologies for exhaust emissions from 
gasoline cars. 

Smoke emission estimates given in this report have been compiled using emission 
factors determined by EOLAS (O'Rourke and Reilly, 1989) and are not directly 
comparable with published estimates for years prior to 1990. Total emissions of 
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smoke are currently less than 40,000 tonnes annually, 50 percent of which emanate 
from solid fuel combustion in the residential, sector (Table 2; 1). While some 

. uncertainty obviou~ly exists in the values given here, it may be stated that national 
I smoke emissions have decreased substantially as a result of smoke control legislation 
implemented in Dublin in 1990 and will decrease. further due to similar controls in 
Cork (DoE, 1994). 

In view of its. important role in nitrogen chemistry , ammonia is another substance for 
which emissions data are also required. Ammonia emissions ar.e dominated by those 
arising frpm livestock wastes apq have ·been .the subject of some study in Ireland 
(Carton and Tunney, 1990) .. )ota,l ammonia emissions in Ireland in 1990 were 
estimated at 126,230 tonnes (McGettigan, 1993). 

2.3 Emissions of GreenhouseGases.l : 

The UN Framework Convention(on Climate Change was adopted in 1992 and was 
signed by ~h(( EC ~md 'all Member States ·at the Earth Surtlmit in Rio de Janeiro. The 
objective. of· the. Conve.ntion .is t9;" achieve.' st;abilisation of greenhouse gas 
concentrations . in the atmosphere at' a level, that would prevent dangerous 
anthropogenic interference with the c1im;:ttesystem {IDCC, 1993). The Convention 
covers CO2,, ,CH4 and N20, which :conn:ibute directly to an enhanced greenhouse 
effect; as well as NOx> CO and non-methane VOC which can . influence the 
concentration of-some greenhouse gases in the atmosphere. 

Since 1992, many signatories have developed and :implemented strategies to,.control 
or reduce emissions of one or more of the three main greenhouse gases, CO2, CH4 
and N20. Emissions reduction· strategies, are· concentrated on CO2, for. which. the 
obj((ctive of ~missipns st(lbilisation.~ at 1990 .levels. by the year 2000 is. being pursued 
by. the EuropeanCommunit)'. To this end" a .Council Decision for a monitoring 
Q1ec~anism ofCommunjty CO2 and· other greenhouse gases was adopted in 1993 
(CEC, 1993). An abatement strategy for CO2 emissions in Ireland, developed to meet 
obligations. under both the EC ;:tnd the FCCC objectives, was published in 1993 (DoE, 
1993). While. the 'Co!llII1unity target, is stabilisation of CO2 emissions by the year 
2000, emissions in Ireland are projected to increase by 20 percent over 1990 levels. 

Figure 2.3 shows how total CO2 emissions in Ireland have increased since 1985, 
again using the simplified source sector classification' already adopted in this report 
for. other. pollutants:F.igure2.4, indic~tes the relative contribution of the basic. fuel 
types to CO2 :emissions in 1980, .1985:and 1992 ... Emissions of CO2 have increased 
by approximately 20 percent since 1985 and no significant change is expected over 
the next 5 to 10 years. Most·of the incre.<J$e has. occurred in the electricity generating 
sector, with. a slight ip.crease .also in the transport sector, while emissions from the 
other sectors have remained relatively unchanged. ' 

Methane. and. nitrous oxide are . other important greenhouse gases for which 
inventories have only recently been developed .. Dnlike most of the. other pollutants 
already discussed, the emissions of these gases, are largely unrelated to fuel 
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combustion activities. While a small number of anthropogenic activities can 
contribute directly to substantial emissions of one or other of these gases, the bulk of 
emissions arise from processes which are either completely natural, or only partially 
influenced by man. The nature of the sources involved means that estimates of total 
emissions of CH4 and N20 are· highly uncertain and any national total is highly 
dependent on the range of sources covered by the inventory. It is for this reason that 
the IPCC, in particular, is insisting on a standard nomenclature for inventory purposes 
(IPCC, 1994) under the Framework Convention on Climate Change. 
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Figure 2.3. CO2 Emissions by Source Category 1985 -1993 (kT) 
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Figure 2.4. Contributions of Basic Fuel Types to CO2 Emissions. 

The most important global sources of methane arebiomass burning, enteric 
fermentation in ruminants, anaerobic decomposition in wetlands and rice paddies, 
waste decomposition in landfills and fossil fuel extraction. Emissions in Ireland in 
1990 have been estimated at 850,000 tonnes, with enteric fermentation accounting for 
almost three-quarters of the total (McGettigan, 1993). 
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Denitrification of soils is the principal source of N20, . with emission rates being 
dependent on agricultural practices, biogenic processes, soil properties and climatic 
conditions. By providing an additional source of nitrogen, the application of mineral 

. fertilizers increase the emissions ofN20 from soil. Adipic acid production is the only 
significant industrial source of N20, but it does not occur in Ireland. Based on 
currently available data on emission rates, N20 emissions have been estimated, with 
large uncertainty, at approximately 45,000 tonnes annually in Ireland (McGettigan, 
1993). Obviously, much more work is required to improve on emissions estimates of 
both N20 and CH4 and this will be required for ongoing reporting under FCCC. 

2.4 Emissions from Large Combustion Plants 

Large stationary combustion plants, such as power generating stations, are generally 
the largest emitters of combined S02 and NOx in most countries. The EC Directive 
on Large Combustion Plants (CEC, 1988) defines large combustion plants as energy
producing plants using boilers with a thermal input capacity of more than 50 MW. 
The Directive specifies emission ceilings for all Member States in respect of total 
S02 and NOx from existing large combustion plants (Le. plants licensed for operation 
before 1 July 1987) The ceilings for Ireland are 124,000 tonnes for S02 (1993 to 
2003) and 50,000 tonnes in the case of NOx (1993 to 1998). The Directive IS 

currently under review and revision of these emission limits is expected. 

Implementation of the LCP Directive requires that Member States report total 
emissions of S02 and NOx annually from the plants concerned from 1990. Emissions 
data are to be reported on an individual plant basis for plants of more than 300 MWth 
and on an overall basis for other combustion plants to which the Directive applies. 
Table 2.2 gives total S02 and NOx emissions from all large combustion plants in 
Ireland for the years 1990 through 1993. This group of plants comprise an important 
emission source of S02 and NOx in Ireland, accounting for approximately 60 percent 
and 40 percent, respectively, of total emissions of these pollutants annually. While 
emissions of S02 from large combustion plants remain well within the LCP ceiling 
and have decreased slightly in recent years, mainly due to a progressive decrease in 
the sulphur content of the coal used at the Moneypoint power station, the emissions of 
NOx increased up to 1992 when the total reached 52960 tonnes . 

. Table 2.2. Emissions of S02 and NOx from Large Combustion Plants 1990 -1993. 

" Sulphur Dioxide (Tonnes) Nitrogen Oxides (Tonnes) 

50-300MW >300MW All Plants 50-300MW >300MW All Plants 

1990 19360 94890 114250 5640 39980 45620 
1991 17490 97890 115380 5560 40750 46310 
1992 18890 89470 108360 5830 47130 52960 
1993 17720 81380 99100 5080 42130 47210 

14 



To reverse this upward trend, the ESB initiated a programme of NOx abatement, 
using 10w-NOx burner technology, at a number of the larger generating units in 1992. 
This technology had the effect of reducing NOx emissions from all large combustion 
plants below 50,000 tonnes in 1993, thereby complying with the LCP Phase 1 ceiling, 
and is expected to give up to 40 percent reductions in NOx emissions from the units 
concerned when fully operational. 

2.5 Spatial Referencing of Emissions 

Emissions data for pollutants such as S02, NOx' VOC, CO and NH3 are not only 
required to be reported as national totals but, increasingly, they are being requested as 
disaggregated subtotals referenced to various spatial units, mainly for use in pollutant 
transport models. Spatially-disaggregated emissions data are also being integrated 
with other data forms in applications to analyse, more completely, environmental 
problems related to traffic management, episodic ozone formation and some 
agricultural activities. 

CORINAIR emissions data are normally compiled according to the NUTS (National 
Units for Territorial Statistics) Level 0 through Level 3 regions in each Member State, 
e.g. Figures 2.5a and 2.5b for Ireland. Level 3 is the smallest territorial unit for which 
statistics are compiled and Level 0 is the total country. In the case of Ireland, NUTS 
Level 1 and Level 2 also refer to the whole country. The data are then reallocated to 
the OECD 50 km x 50 km grid (Figure 2.5c) which is a sub-grid of the 150 km x 150 
km grid used in current EMEP long-range transport models (Figure 2.5d). National 
emissions data being submitted to EMEP are required to be referenced to both the 

. EMEP and OECD grids in order to improve one of the primary inputs to EMEP 
dispersion models. 

Mapping at all these spatial scales has been achieved for the first time for Ireland 
using the CORINAIR 1990 emissions data. Gridded emissions values for the OECD 

. grid were derived from the totals for NUTS regions using appropriate disaggregation 
procedures and surrogate statistics, e.g. population. The OECD grid results for S02, 
NOx' VOC and NH3 are presented on Figure 2.6. The results for the EMEP grid 
were then determined simply by summing the values in the nine relevant grid-cells of 
the OECD sub-grid. 

These reference frames give a good indication· of how emission densities for the 
various pollutants vary depencding on the mapping unit selected, particularly in the 
case of pollutants for which point sources contribute a large proportion of total 
emissions. For example, approximately two-thirds of S02 emissions in Ireland can be 
allocated to just two OEC·D 50 by 50 km grid-cells, one of which overlies the 
Shannon Estuary, where the largest point sources of S02 are located, with the other 
overlying Dublin. This means that S02 emission densities at this resolution are very 
low indeed « 1 tonnelkm2) for the remainder of the country generally. 

The spatial emission pattern for NOx is similar to that for S02> where a small number 
of point sources again account for a large proportion of total emissions. The patterns 
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(a) National Scale (b) NUTS Level III 

(c) OEeD Grid (50 x 50 km) 

(d) EMEP Grid (J 50 x 150 km) 

Figure 2.5. Spatial Reference Frames for Emissions Data 
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Figure 2.6. Emission Rates in 1990 on the OEeD Grid. 
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for VOC and NH3 are similar to each other, with largely uniform emission densities 
in the range 1 - 4 tonnes!km2, but quite different to those for S02 and NOx' reflecting 
the different type and distribution of sources. 

2.6 Conclusions 

The emissions of those air pollutants which emanate mainly from stationary 
combustion activities may now be reasonably well quantified as a result of improved 
emission inventory methodologies and greater availability of data on emission factors. 
However, large quantitative uncertainties remain in the estimates for those pollutants, 
and particularly some greenhouse gases, which enter the atmosphere mainly via 
evaporation or other uncontrolled releases arising from solvent use, fossil-fuel 
extraction and distribution, agricultural practices and waste treatment and disposal. 
Much more development of the inventories for these substances is required. 

It has already been stated that the national vehicle fleet is the main emission source of 
several pollutants. The method currently employed to quantifY all emissions from 
this source is based entirely on the results of emission measurements carried out in 
other European countries. It would be useful to undertake some research on emission 
rates from a range of in-use vehicles on Irish roads in order to validate the estimates 
which are now being produced for this very important source of emissions. Because 
emissions from this source are subject to evolving technological controls, greater 
confidence in the reliability of the applied methodology is crucial to emission 
projections, an issue of considerably increased importance. 

The necessary improvements and development of emission estimates for greenhouse 
gases will be guided by the international organisations already involved in this issue. 
In the case of vac, and NOx to a lesser extent, there is a need to collect more data on 
emissions from particular stationary source categories and individual emitters. 
Solvent evaporation is an important source of vac and very limited information is 
available for the purpose of estimating vac emissions from the wide range of 
activities concerned. Emissions of NOx depend on several factors and estimates for 
industrial combustion sources could be improved. The emissions of VOC and NOx 
from a range of industrial processes may also be significant and cannot be reliably 
quantified from existing information. 

The EP A intends to establish a. national emIssion inventory system for industry as a 
means to adequately quantify emissions to air (and other media) from a range of 
source categories. This would also form a useful database for many, other 
applications. For the largest and most relevant industries, emissions of specified 
compounds could be registered at appropriate intervals based on information from 
individual plants, data contained in pollution control licence applications, compliance 
monitoring results and other sources. In the case of smaller .industries, registration 
could be on a collective basis with information being compiled in relation to type of 
activity and products used or produced. 
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· Chapter Three 

DEPOSITIONS 

3.1 Introduction 

Infonnation on the deposition of acidity and related species is necessary for the 
assessment of the impact of important emission sources in a country. Detailed 
cartographic description of deposition patterns is also a key requirement in the 
application of the critical loads concept to emissions control, in which actual 
deposition loads are compared with the threshold for adverse effects. The aim of this 
chapter is to apply the best available infonnation on rainfall composition to estimate, 
on a regional basis, the amount of deposition of the principal compounds of concern 
in raihwater. 

There is no established national network of stations monitoring' acid deposition in 
Ireland, apart from routine measurements carried out by the Meteorological Service at 
several synoptic weather stations. However, the Meteorological Service network was 
not designed specifically to provide accurate infonnation for detailed assessment of 
acid deposition over the country. The locations ofthe sites are not well suited for this 
purpose (three sites are at airports and most of the others are on the coast) and the 
analysis of precipitation chemistry is undertaken largely on the basis of monthly 
samples. Nevertheless, one of the sites, at Valentia in County Kerry, is included in 
the network of sites operated by EMEP to monitor and evaluate the long-range 
transport of air pollutants in Europe. 

3.2 Precipitation Chemistry 

The most intensive sampling and analysis of precipitation chemistry conducted in 
Ireland (Bowman, 1991) was carried out by the Environmental Research Unit over 
the period 1987 through 1989 but, except in the case of one site, was discontinued at 
the end of 1989. This site, established in 1987 at Turlough Hill in County Wicklow 
and now operated by the EPA, was added to the EMEP network in 1994. 

A number of other sites were also in operation during the period 1986 through 1990 
which provided useful infonnation on rainfall chemistry in areas not covered by the 
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ERU investigations. These included four sites in Northern Ireland, forming part of 
the UK network of stations monitoring rainfall composition (UKRGAR, 1990), a site 
in County Cork where investigations were carried out under the EC Programme on 
the Protection of the Community'S Forests Against Atmospheric Pollution (Farrell 
and Boyle, 1991) and a site in north County Mayo (Farrell, 1990). 

Altogether, rainfall chemistry data suitable for the purposes of this chapter were 
available for one or more years in the 1986 to 1990 period from a total of 14 
monitoring stations. Their locations are shown on Figure 3.1 and listed in Table 3.1. 
A summary ofthe annual mean data generated at these sites is presented in Table 3.2. 
At all these monitoring stations, sample volumes were collected on a daily, weekly or 
fortnightly basis. Bulk collectors were used at all sites which means that total 
deposition could be measured. 

Table 3.1. Monitoring Sites for Precipitation Chemistry 1986-1990. 

Site 
No 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
56 
57 
58 
59 

. Site 
Name 

000 Lough 
Gortglass 
MaamValley 
Glenveagh 
Glencree 
Turlough Hill 
Radestown 
Valentia 
Ballyhooly 
Glenturk 
Altnaheglish 
Fourmile Burn 
Lough Navar 
Silent Valley 

Operating 
Body 

ERU 
ERU 
ERU 
ERU 
ERU 
ERU 
ERU 
MET 
UCD 
UCD 
NI FBIU 
NI FBIU 
NI FS 
NI FBIU 

ERU Environmental Research Unit 
MET Meteorological Office 
UCD University College Dublin 

Grid 
Reference 

R114722 
R225590 
L938548 
C035232 
0160170 
T075985 
S520600 
V460780 
W714981 
F880335 
C698 041 
J227897 
H065545 
J306243 

NI FBIU Northern Ireland Freshwater Biological Investigations Unit 
NI FS Northern Ireland Fisheries Service 

Elevation 
mOD 

88 
80 
30 
30 

240 
440 
100 

9 
70 

100 
244 
110 
130 
170 

Sampling 
Frequency 

Daily 
Daily 
Daily 

Weekly 
Daily 

Weekly 
Daily 

Monthly 
Weekly 

Daily 
Fortnightly 
Fortnightly 

Weekly 
Fortnightly 

Site numbers for Northern Ireland retained as adopted in the UK network (UKRGAR, 1990). 

More recent data, covering the period 1990 through 1993, are given in Table 3.3 for 
stations which. have not been discontinued and others, also shown on Figure 3.1, 
which have been established for other studies. If it is assumed that the Cloosh and 
Brackloon sit~s represent the west of Ireland for the 1990/93 period, a comparison can 
be made for much of the country between the results for the 1986/90 and 1990/93 
periods using Table 3.2 and Table 3.3, respectively. Such comparison shows no 
marked differences overall in the mean concentrations of non-marine sulphate (S04), 
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... 
Site Site Operating ----." 

~~ No Name Body 

.5~; 
Period 1986-1990 

~ 1 000 Lough ERU 59.j 
2 Gortglass ERU 
3 MaamValley ERU 
4 Glenveagh ERU 
5 Glencree ERU 
6 Turlough Hill ERU 
7 Radestown ERU 
8 Valentia MET 
9 Ballyhooly UCO N 7' _ , 10 Glenturk UCO N 

.7 56 Altnaheglish NI FBIU 
57 Fourmile Burn NI FBIU 
58 Lough Navar NIFS 
59 Silent Valley NI FBIU 

'~~ 

Period 1991-1992 (new sites) 

11 Brackloon UCO 
12 Cloosh UCO 
13 Roundwood UCO 

Figure 3.1. Monitoring Sites for Precipitation Chemistry 
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nitrate (N03) or ammonium (NH4) for both periods, beyond what would be expected 
from normal variability. However, mean concentrations of hydrogen ion (H+) show a 
general decrease, particularly in the case of sites in the east of the country. This 
appears somewhat inconsistent with the results for the other ions but is not unusual 
for this parameter which may be highly variable and subject to considerable 
measurement error. 

Table 3.2. Volume-Weighted Mean Ion Concentrations in Rainfall 1986-1989 (/1eqll). 

Site 
No 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
56 
57 
58 
59 

Site 
Name 

000 Lough 
Gortglass 
MaamValley 
Lough Veagh 
Glencree 
Turlough Hill 
Radestown 
Valentia 
Ballyhooly 
Glenturk 
Altnaheglish 
Fourmile Burn 
Lough Navar 
Silent Valley 

* Non-marine sulphate. 

Period 

1987-1989 
1987-1989 
1987-1989 
1988-1989 
1987-1989 
1987-1989 
1989-1990 
1986-1990 
1989-1990 

1989 
1986-1988 
1986-1988 
1986-1988 
1986-1988 

Source 

19 12 7 10 Bowman, 1991 
17 17 8 15 Bowman, 1991 
16 10 8 9 Bowman, 1991 
17 7 9 9 Bowman, 1991 
18 24 16 25 Bowman, 1991 
27 26 24 46 Bowman, 1991 
15 30 15 31 Flanagan et aI, 1993 
5 15 6 5 Met Office 

10 10 28 Farrell & Boyle, 1990 
7 4 Farrell, 1990 

11 33 16 15 UKRGAR,1990 
8 48 18 31 UKRGAR, 1990 

10 16 8 9 UKRGAR,·1990 
21 45 26 28 UKRGAR,1990 

Table 3.3. Volume-Weighted Mean Ion Concentrations in Rainfall 1990-1993(/1eqll). 

Site 
Name 

Altnaheglish 
Lough Navar 
Silent Valley 
Turlough Hill 
Roundwood 
Cloosh 
Brackloon 

* Non-marine sulphate. 

Period 

1990-1993 5 
1990-1993 8 
1990-1993 5 
1992-1993 14 
1991-1992 33 
1991-1992 14 
1991-1992 13 
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Source 

29 18 16 Jordan, 1994 
17 9 12 Jordan, 1994 
38 26 25 Jordan, 1994 
30 20 33 EPA 
32 21 29 Farrell et aI, 1994 
18 8 11 Farrell et aI, 1994 
17 7 11 Farrell et aI, J 994 



The overall similarity between the data on Table 3.2 and Table 3.3 is to be expected, 
considering that national emissions have remained relatively unchanged over the 
period concerned, the importance of long-range transport to deposition in Ireland and 
the effect of averaging over several years. Therefore, in view of the greater coverage 
of sites during the 1986/90 period, the data in Table 3.2 have been taken to be the best 
available for assessing typical deposition patterns in Ireland in recent years. 

3.3 Deposition Mapping 

Gaseous, aerosol and particulate matter in the atmosphere may be removed by rainfall 
(wet deposition),. deposited directly onto terrestrial surfaces (dry deposition) or 
captured by impaction of cloud or fog droplets on vegetation or other surfaces (occult 
deposition). Because of their widely different characteristics, wet and dry deposition 
should ideally be treated separately in quantitative analysis. Wet deposition may be 
well quantified by simple interpolation of the results from wet-only samplers over the 
relevant area. Dry deposition is usually estimated by applying appropriate deposition 
velocities to a known concentration field for the parameter concerned. Where it is 
considered important, the contribution from occult deposition must also be included 
but is difficult to quantify. 

In Ireland, the necessary data on pollutant concentrations and corresponding 
deposition velocities are not available to estimate dry deposition on the national scale. 
The rainfall composition data presented here relate mainly to bulk-collectors, i.e. 
permanently open samplers, and must be taken as indicative of total deposition at the 
sampling point. Accurate quantitative assessment of the wet and dry proportions in 
total deposition as measured by these samplers is difficult. 

Large-area averages of wet deposition rates are likely to be quite close to local 
averages since the phenomena that generate variability in deposition patterns have 
relatively large spatial scales. While wet deposition is highly variable in time and 
space on an event basis, such variability is largely random and, for annual averaging 
periods, spatial patterns in accumulated wet deposition are expected to be relatively 
smooth (USEP A, 1989). Therefore, if it is assumed that total deposition is largely 
determined by the wet component, then the use of the data from bulk-collectors to 
derive deposition maps, as described in this section, is justified. 

Concentration maps for each ion have been produced, on a longitude-latitude grid 
basis, by applying an interpolation technique to the data in Table 3.2. The technique 
used is known as inverse distance weighting which gives interpolated values for each 
grid-square as a weighted linear combination of all measured values, the weights 
being simply a function of the distance between the grid-square and the sampling 
point (Tabios and Salas, 1985). 

Deposition maps were then obtained by multiplying the interpolated ion values by 
long-term mean rainfall for each square, estimated from isohyetal maps. Given the 
generally low level of most ions in precipitation, rainfall amount is the dominant 
factor when calculating deposition and usually varies very widely over small spatial 
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scales. For example, annual rainfall in many parts of the west of Ireland may vary by 
a factor of two to three over a distance of no more than 25 kilometers, and the highest 
values in the west may be four times the annual amount in the east of the country . 

. For the country generally, the difference between annual rainfall amount averaged 
over the period 1986-1989 and the long-term mean rainfall was considered 
unimportant in terms of effect on annual deposition rates and it was assumed that 
rainfall composition remains constant with altitude. 

3.4 Non-marine Sulphate. 

Sulphate concentrations in rainwater over Ireland usually include a large proportion 
derived from marine aerosols. Marine sulphate may account for up to 70 percent of 
total sulphate content in western areas while approximately 25 to 35 percent of 
deposited sulphate in eastern areas is of marine origin. Sulphate of marine origin 
must be deducted from measured values in order to determine non-marine sulphate. 
By assuming that marine aerosols are the only source of sodium in precipitation and 
that the ratio of sodium to sulphate in marine aerosols is the same as in seawater, the 
amount of sulphate of marine origin in precipitation samples can be calculated based 
on the measured sodium concentration. 

Figure 3.2 shows the volume-weighted mean concentration of non-marine sulphate 
and the corresponding mean annual deposition for the period 1986-1989 . Average 
concentrations at sites near the west coast were in the range 10-17 /leq/I. This 
compares with similar results obtained at sites on the north-west coast of Scotland 
(UKRGAR, 1990) and is typical of rainfall associated with Atlantic air masses, the 
type normally received in these areas. 

Significantly higher annual mean concentrations are indicated for the eastern part of 
the country. These ranged from 25 /leq/l at Glencree and Turlough Hill in the Dublin 
and Wicklow mountains to 45 /leq/l at Silent Valley in the Moume Mountains (Figure 
3.1). At most monitoring stations the highest concentrations of non-marine sulphate 
in rainfall have been correlated with easterly winds (Bowman and McGettigan, 1994). 
The higher annual mean values on the east coast are therefore largely influenced by 
rainfall events associated with air masses which have been transported over major 
emission sources in the UK and mainland Europe. 

The east/west gradient is less apparent in the deposition map as a result of the 
combination of ion ooncentration and rainfall amount which generally have opposing 
gradients. The mean deposition of non-marine sulphate was less than 0.4 gS/m2 over 
much of the country during the years 1986-1989. The highest depositions, 
approximately 0.9 gS/m2, occurred in the eastern part of Northern Ireland . 

. 3.5 Nitrate and Ammonium 

As shown on Figure 3.3, the results for oxidised nitrogen exhibit similarities to non
marine sulphate with regard to mean annual concentrations in rainfall and resultant 
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spatial deposition pattern. At less than 10 Jleq/l, nitrate concentrations were again 
close to background values along the western side of the country while the highest 
concentrations on the eastern side averaged 25 !leq/I. 

Mean annual nitrate deposition was less than 0.2 gN/m2 over a large part of the 
country with highest values of about 0.5 gN/m2 occurring in the mountainous areas 
on the east coast. As in the case of non-marine sulphate deposition, this result is to be 
expected given the low level of nitrogen oxides emission in the coUntry and an input 
from foreign sources which is again apparent on the east of the country. 

While the concentration and deposition maps for ammonium, Figure 3.4, also show· 
the east/west gradient typical of nitrate and non-marine sulphate, the effects of 
important source areas of NH3 in the south and south-east of the country are also 
apparent. Volume-weighted mean concentrations in the east were typically three 
times those in the west during 1986 through 1990. Highest depositions of ammonium 
were around 0.5 gN/m2 and occurred over large parts' of the south and east of the 
country and in the eastern part of Northern Ireland. 

3.6 Acidity. 

It is generally accepted that the long-term mean pH of rainfall unaffected by 
anthropogenic emissions of air pollutants lies in the range 5.6 to 5.0 (hydrogen ion 
concentration 3 to ] 0 Jleq/l). Higher concentrations of hydrogen ion (lower pH value) 
occur when increased acidic anion content, resulting from man-made atmospheric 
inputs (normally sulphate and nitrate) is not balanced by equal amounts of basic 
cations (e.g. calcium and ammonium). Chloride and magnesium may also contribute, 
in relatively small measure, to the total concentration of anions and cations, 
respectively. The validity of the. measured result for bulk collectors is highly 
dependent upon the rainfall sampling period and the values often show wide short
term variation in space and time. 

Figure 3.5 shows the mean annual hydrogen ion concentration and the corresponding 
annual deposition over Ireland for the period 1986/90. The result is generally what is 
to be expected following the foregoing discussion on the other ionic species mapped. 
The aggregation of pH data to annual mean values conceals the significant day-to-day 
variation which can occur in the pH of samples from any particular monitoring site. 
Consequently, there is only a small variation in the annual mean concentration of 
hydrogen ion across the country. The values on the west of the country were in the 
range 10 to 20 Jleq/l (PH 5.0 to 4.7) while those on the east were a little higher with 
highest concentrations of the order of 32 !leq/l (pH 4.5). 

Mean annual deposition of acidity during i986/90 was less than 20 mgH+/m2 over 
most of the country. The highest deposition, about 30 mgH+/m2, in the Wicklow 
mountains reflects the lowest recorded mean pH in the period but similar deposition 
rates in mountainous areas of the west and south reflect high annual rainfall amount 
more than low pH. 
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Fig. 3.2a: Precipitation weighted mean concentration 
of non-marine sulphate 1986-1989 (~eqll) 
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Fig. 3.3a: Precipitation weighted mean concentration 
of nitrate 1986-1989 (~eqll) 

Deposition >0.4 

Concentration >30 

0.6-0.8 

30-40 

0.3-0.4 

20-30 

Fig. 3.2b: Annual deposition of non-marine sulphate (g S/m2) 
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Fig. 3.4a: Precipitation weighted mean concentration 
of Ammonium 1986-1989 (l1eq/l) 
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Fig. 3.5a: Precipitation weighted mean concentration 
of Hydrogen Ion 1986-1989 (l1eq/l) 
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Fig. 3.4b: Annual deposition of Ammonium (g Nlm2) 
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It must be emphasised that the maps derived as described above can provide only a 
general representation of the spatial patterns of pollutant deposition over the country. 
Several factors have a significant influence on the final results as given in Figure 3.2 . 
through Figure 3.5. The most important of these factors are: 

(i) Data are available for a relatively small number of sampling points with poor 
spatial coverage. Only one site is located more than 250 m above sea level with the 
result that the effects of altitude cannot be fully assessed. 

(ii) There is considerable variability in the annual average concentration of some ions 
in rainfall at several monitoring sites. For example, at Glenctee, the precipitation
weighted mean concentration of non-marine sulphate varied from 47 meq/l in 1987 to 
11 meq/l in 1988. The mapped result is therefore highly dependent upon the period 
for which information is available at each site and only two or three years data are 
available for many of the sites. 

(iii) The analysis is based largely on rainfall samples obtained from bulk collectors, 
i.e. permanently open samplers. The results for these are taken to. represent total 
deposition at each site and wet deposition is assumed to be dominant. However, dry 
deposition may be significantly underestimated due to tht? effects of wind and 

. inadequate representation of natural terrestrial receptors by tiie-collector surface. 

(iv) The overall pattern of deposition is obviously dependent upon the choice of 
interpolation scheme used to derive the gridded concentrations. 

(v) The estimation of rainfall amount for individual grid-squares from standard 
isohyetal maps is subject to inaccuracy in high rainfall areas where the isohyet 
interval may be as much as 800 mm. 

3.7 Long-Range Transport of Sulphur and Nitrogen 

It is well known that long-range transport contributes significantly to annual average 
deposition of the major acidifying compounds in Ireland. This has been mentioned 
above and is also well shown by the annual budgets for the principal air pollutants 
produced by EMEP. These are based on long-range transport models used in routine 
assessment of emission-deposition relationships for Europe. According to EMEP . 
model estimates for 1988 through 1991 (Sandnesand Styve, 1992), approximately 40 
percent of the SUlphur deposition in Ireland can be attributed to national emissions, a 
further 25 percent to emissions in the United Kingdom, 10-15 percent to emission 
sources in other countries and 15-20 percent is of indeterminate origin. 

A proportion of the unattributed sulphur deposition is due to natural processes and 
transport from other continents. The remainder arises indirectly from European 
emissions (in effect, sulphur which has been in the atmosphere for more· than 96 
hours) and may reasonably be assumed to be related pro-rata to each countries share 
of the total. Therefore, it can be ·concluded that, at least 50 percent of the sulphur 
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deposited in Ireland annually is imported and an appreciable amount of this may have 
originated in relatively distant countries. 

In the case of nitrate, up to 90 percent of annual deposition may be imported, the 
principal contributor again being the United Kingdom but with a larger proportion of 
the total coming from more distant countries than in the case of sulphur. Ammonia is 
quickly deposited close to source and does not undergo the same degree of long-range 
transport as nitrate and sulphur. Accordingly, the EMEP estimates show that about 
90 percent of ammonia deposition in Ireland is attributable to emissions in Ireland. 

3.8 Conclusions 

In summary, it can .be concluded that the deposition of sulphur and oxidised nitrogen 
from anthropogenic sources remains low over the greater part of Ireland but is 
appreciable in some eastern areas. Ammonium deposition is quite significant in large 
areas of the south and east as a result of the relatively high level ofNH3 emissions in 
these areas. Total nitrogen deposition is therefore quite considerable, approximately 
1 kg N/ha per year in some areas. This is probably the parameter of most concern, 
since both nitrate and ammonium can .lead to acidification of soils and the emissions 
responsible are unlikely to decrease for some time. 

While there are the usual year-to-year variations, there has been very little overall 
change in annual mean deposition amounts over recent years. It is clear that the 
transport of air pollutants from the United Kingdom and Europe still has a 
considerable influence on the annual deposition rates of non-marine sulphate and 
oxidised nitrogen, especially in the east of the 'country. 

It should be noted that certain receptors may be subject to appreciably higher 
deposition rates than has been estimated as described above. It is well established 
that coniferous forest canopies, through their scavenging effect on aerosol particles, 
can increase significantly the concentrations of most ions which reach the forest floor 
in throughfall. This phenomenon is particularly relevant in the case of total nitrogen 
deposition. on coniferous forests in the east of Ireland (Farrell et aI, 1993) with 
implications for both the quality of the forests and surface waters receiving runoff 
from forested catchments. 

Monitoring of precipitation chemistry is currently carried out in several parts of the 
country by as ma,ny as six different organisations. However, the number of sites in 
anyone network is usually small and studies tend to be of short-term duration. 
Several organisations operate sites in the same area, while' other areas are not covered 
at all, and there is normally no formal comparison of the results obtained by the 
different bodies involved. 

There is a clear need to develop all suitable existing sites', and if necessary, establish 
new sites, to create a national network of stations capable of supplying, on the basis 
of daily or weekly samples, all the necessary information on the full range of 
parameters of concern in rainfall. This need is addressed in a new national air quality 

32 



monitoring programme being developed by the EP A. The network will be designed 
to include a number of sites in coniferous forests where the analysis will cover 
throughfall, in addition to precipitation. Data suitable for the complete assessment of 
the deposition of acidifying compounds, particularly those which would be required 
in any future assessment of critical load exceedance for the country, can only be 
generated by routine collection of samples from this type of network. 
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Chapter F.our 

SMOKE AND SULPHUR DIOXIDE CONCENTRATIONS 

4.1 Monitoring Networks 

Under Section 54 of the 1987 Air Pollution Act, all Local Authorities have a general 
obligation to undertake such monitoring as may be necessary to determine 
compliance with national air quality standards for smoke and S02, lead and nitrogen 
dioxide. In order to ensure adequate monitoring in support of the air quality 
standards, the implementation of EC Directives and to maintain arrangements under 
EEC exchange of information Decisions, the Minister of the Environment has issued 
directions under Section 54 of the Act which specify the air pollutants and the sites to 
be monitored by a list of Local Authorities. This forms the basis of the established 
core of air quality monitoring sites in Ireland, principally concerned with black smoke 
and S02 measurement, . many of which had been in existence for many years prior to 
the Air Pollution Act. However, the level of monitoring for pollutants other than 
smoke and S02 on a national scale remains limited. . . 

The number of monitoring sites for smoke and S02 has increased significantly as 
some of the listed Local Authorities have expanded their networks and others have 
established new measuring sites pursuant to the general obligations of the Act, or for 
other reasons. The Local Authority sites are supplemented by ESB monitoring 
networks for smoke and S02' maintained in relation to emissions from some large 
power stations, and by other local networks. 

The national network of smoke and S02 monitoring sites currently consists of 65 
sampling stations operated by 17 Local Authorities. A further 21 sites .are operated by 
the Electricity Supply Board. Monitoring authorities and sites are listed in Appendix 
A and their locations are shown on Figure A.I. Monitoring by Local Authorities is 
concentrated principally in cities and towns. A total of 30 sites are located in the 
Dublin city area, 15 of which are operated by Dublin Corporation and the remainder 
by Dublin County Councils. The other important urban areas subject to smoke 'and 
S02 monitoring are Cork (7 sites), Galway (3 sites), Limerick (3 sites), Dundalk (2 
sites) and Waterford (2 sites). A total of 45 Local Authority sites are currently 
designated for the implementation of Directive 8017791EEC on S02 and suspended 
particulates (CEC, 1980). 
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Current measurement methods in use by all monitoring authorities for smoke and S02 
are those laid down in British Standard B.S. 1747· (Parts 2 & 3). Smoke 
concentrations are determined from the blackness of the stain produced by the 
collection of suspended particulates on a filter paper. The blackness measurement of 
the smoke stain, reported as a loss of reflectance of the filter compared with an 
unstained paper, is converted to give an equivalent weight, as microgrammes per 
cubic metre (~g/m3) of black smoke, the latter consisting generally of particles less 
than 15 microns diameter. Sulphur dioxide is measured by titration of the acidity 
produced by passing the air sample through hydrogen peroxide solution. The total 
acidity measured is assumed to be entirely due to sulphur dioxide, and is also 
expressed in ~g/m3. 

A useful first exercise on intercomparison of the analytical results for smoke and S02 
submitted by the various Local Authorities was recently carried out under the EC 
STRIDE Programme (Concannon, 1994). A total of 14 laboratories which undertake 
the analyses reported smoke and S02 concentrations for the same smoke stain and 
identical acid samples and results were found to be generally satisfactory. 

4.2 Air Quality Standards for S02 and Smoke 

The EC Directive 801779IEEC on air quality limit values for S02 and suspended 
particulates has been the reference for ambient black smoke and S02 concentrations 
since 1980. This Directive sets limit values for suspended particulates (as measured 
by the OECD black-smoke method) and S02 for annual (April to March), winter 
(October to March), and daily reference periods, as given in Table 4.1. These limits 
have been adopted as national air quality standards in respect of these pollutants in 
Ireland (DoE, 1987). 

Table 4.1. Air Quality Standards for S02 and Smoke (llglm3). 

Limit Value Associated Limit Value 
for S02 . Smoke for Smoke 

Annual Median of 80 >40 80 
Daily Mean Values 120 = or < 40 

Winter Median of 130 > 60 130 ' 
Daily Mean Values 180 = or < 60 

98-percentile of 250 > 150 250 
Daily Mean Values 350 =or<150 

Not more than three 250 > 150 250 
consecutive days 350 = or < 150 
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As given in Table 4.1, limit values are set with respect to the concentrations of S02 
and black smoke considered simultaneously, and the concentration of black smoke 
taken separately. The 98-percentile limit for smoke allows a total of only seven 
values exceeding 250 ~g/m3 in a full year. In addition, more than three such values on 
consecutive days would also mean a breach of the limit for smoke. The Directive also 
specifies guide values in respect of the mean for daily and annual averaging periods, 
intended for the further protection of human health and the environment and which 
take into account the recommendations of the World Health Organisation. These 
guide values are 100-150 ~glm3 for maximum daily mean and 40-60 Jlg/m3 for the 
annual mean for both black smoke and S02. 

In addilion to informing the Commission of limit value exceedances, information 
must also be supplied whenever concentrations of smoke or S02 approach the 
respective limits. The approach threshold is generally taken to be 75 percent of the 
relevant limit value (e.g. 187 ~g/m3 in the case of the 98-percentile for smoke) and 
provides a convenient indicator for monitoring authorities of sites at risk of breaching 
the limit and of a deterioration in air quality with respect to current standards. 

4.3 Smoke Concentrations in Dublin 

Summary smoke statistics for the Dublin Corporation and Dublin County Council 
networks of sites during the period 1985/86 to 1993/94 are presented in Figure 4.1 
and Figure 4.2, respectively, in relation to the limit values of Directive 8017791EEC. 
The reduction in smoke concentrations since 1990 has been quite dramatic, obviously 
underlining the effectiveness of the smoke-control regulations (prohibiting the sale, 
marketing and distribution of bituminous coal) introduced in the Greater Dublin area 
on 1 September 1990. 
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Figure 4.1. Smoke Concentrations in the Dublin Corporation Network. 
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Figure 4.2. Smoke Concentrations in the Dublin County Council Network . 

. The 98-percentile value· for the Corporation network averaged 77 )lg/m3 between 
1990/91 and 1993/94, compared to 256 )lg/m3 over the four years prior to 1990/91. 
In the case of the winter median, the corresponding decrease has been from 49 Ilg/m3 
to 15 )lg/m3. This represents a 70 percent decrease in smoke concentrations overall in 
terms of these parameters. This is broadly typical of the trend for individual sites. 

The trend in smoke concentrations in the County Council network through the 1980s 
was similar to that for the Dublin Corporation sites. The levels increased from 1982 
with the highest values occurring between 1986 and 1990. Again, the reductions 
since 1990 are very evident. During the period 1986 through 1990, winter median 
smoke for the network was 30 )lg/m3 and the 98-percentile averaged 156 )lg/m3. 

These have decreased to 11 Ilg/m3 and 64 )lg/m3, respectively, for the period 1990/91 
to 1993/94. 

An· assessment of the performance of individual Dublin Corporation network sites in 
terms of compliance with the limit values for smoke, set by Directive 8017791EEC, is 
summarised in Table 4.2. This summary also clearly shows how concentrations have 
decreased since 1990. Over the seven years from 1983184 through 1989/90, there was 
an average of 10 exceedances per year of the Directive limit values for smoke, most 
of which related to the daily reference period. In 1986/87 a total of seven sites failed 
to comply with the 98-percentile and in 1988/89 smoke levels exceeded 250 Ilg/m3 on 
more than three consecutive days at a total of 12 sites. 

For the first time in 10 years, there was no exceedance of.any Directive limit value in 
1990/91, and there have been none for any reference period through 1993/94. Indeed, 
according to the definition given above, smoke concentrations as measured by this 
network of stations, have not approached the Directive limit values since the smoke
control regulations came into force. A total of only nine occurrences of smoke greater 

37 



than 250 Jlg/m3 were recorded in the 1990/91 through 1993/94 reference periods. 
Smoke concentrations were particularly low in 1993/94 with only three recorded daily 
mean values in excess of the WHO guideline of 150 Jlg/m3 and no occurrences of 
smoke greater than 250 flglm3. 

Table 4.2. Exceedances of EC Limit Values for Smoke in Dublin 

No of No of Sites Exceeding Limit Values. Number of Daily 
Annual Sites -----------------------------.................. __ ... _------.............. _ ...... _-- Smoke Values 
Period in the Annual Winter Annual More than 3 _ ... _---------------------

Network Median Median 98%ile consec days· >150 >187* >250 

1983/84 14 0 1 5 1 264 171 101 
1984/85 14 0 0 6 4 369 245 125 
1985/86 11 0 1 3 1 198 122 71 
1986/87 12 1 1 7 4 334 211 125 
1987/88 12 0 0 5 3 309 191 110 
1988/89 14 0 0 4 12 240 154 96 
1989/90 14 0 0 6 1 195 140 98 
1990/91 15 0 0 0 0 49 27 5 
1991/92 15 0 0 0 0 25 11 3 
1992/93 15 0 0 0 0 14 4 1 
1993/94 15 0 0 0 0 3 1 0 

* approach threshold, 75 percent of 250 

In the case of the Dublin County Council network, there were relatively few 
exceedances of the smoke limit values during the 1980s, with a maximum of three in 
any year when concentrations were at their highest. These occurred in 1989/90 when 
the 98-percentile value for smoke was exceeded at three sites, and in 1988/89 when 
smoke concentrations in excess of 250 Jlg/m3 were recorded on four consecutive days 
at two sites and the 98-percentile liinit was breached at one site. The approach 
threshold has not been reached at any site in this network since 1988/89. 

While smoke-control legislation has undoubtedly been instrumental in eliminating 
winter smog in Dublin, the true impact of this control measure is masked, to some 
extent, by other factors having an important bearing on the results as presented here. 
Ambient levels of combustion-related air pollutants, such as smoke, tend to increase 
in winter, obviously as a result of increased emissions, but also because dispersion 
capacity is often significantly reduced during periods of increased atmospheric 
stability, temperature inversion and reduced mixing height. 

The absolute value of high percentile concentrations, for example the 98-percentile, is 
highly dependent on the frequency and duration of the periods during which these 

. conditions persist. The winter periods from 1989/90 through 1993/94 were unusually 
mild and windy and particularly notable in terms of the reduced number of such 
occurrences. Greatly reduced coal consumption in the domestic sector in 1992 and 
1993, at just over half that of 1988 and 1989 values (Myers, 1994), also reflects the 
mild winters. It may be concluded that these favourable meteorological conditions 
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have also made some contribution towards the reductions which are so readily 
apparent in smoke concentrations recorded in the Dublin monitoring networks. 

4.4 S02 Concentrations in Dublin 

Summary S02 results for both. Dublin site networks, in terms of network 98-
percentiles and annual and winter medians, are given on Figure 4.3 and Figure 4.4. 
The S02 concentrations in the Dublin Corporation network have apparently stabilised 
at low levels following a steady decline since the 1970s. Results for all annual 
periods since 1988/89 are very similar. Concentrations of S02. recorded in the 
County Council network show relatively little change over the period examined, apart 
from a reduction in the highest observed values which is reflected in the 98-
percentiles. 
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Figure 4.3. 502 Concentrations in the Dublin Corporation Network. 
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Figure 4.4. 502 Concentrations inthe Dublin County Council Network. 
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The decrease in S02 levels is due to the combined effects of the change from fuel oil 
to natural gas in Dublin power stations, a decrease in the sulphur content of gas oil, a 
decrease in fuel-oil combustion in industry and ongoing conversion of solid fuel 
heating systems to gas-fired or oil-fired units in private dwellings. Some smokeless 
solid fuels now on the market may have a substantially higher sulphur content than 
the bituminous coal they replaced. Up to 2 percent sulphur is allowable under the 
regulations, which compares with a typical value of 1 percent for bituminous coal but 
no increase in S02 concentrations is apparent in the city as a result. However, the 
true impact of this factor is difficult to detect because, as already mentioned, the 
consumption of solid fuel in the domestic sector since ·1991 has been much reduced 
on that which obtained before the smoke control measures came into effect. 

4.5 Smoke and S02 Concentrations in Cork City 

There are currently seven stations (increased from six in 1993) operated by Cork 
Corporation monitoring smoke and S02 in Cork City (Appendix A). Summary 
results in terms of network-average 98-percentiles and annual and winter medians are 
given on Figure 4.5 and Figure 4.6 for smoke and S02, respectively. 
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Figure 4.5. Smoke Concentrations in the Cork Corporation Network 1985/86~1993/94 

While S02 levels in the city are low and give no cause for concern, there has been a 
noticeable increase in smoke concentrations recorded at some stations in this network 
since the mid-1980s with the 98-percentile limit having been approached on several 
occasions since 1988, as shown by the values for individual stations on Table 4.3. 

No occurrences of smoke greater than 250 Ilg/m3 were recorded in Cork City prior to 
1986 but concentrations greater than 250 Ilg/m3 were measured on 23 occasions in 
1988/89 and on 22 occasions in 1990/91, and again in 1992/93, with six of these 
recorded at one site in both cases. This trend indicated a need for control of smoke 

40 

I 



emissions in Cork City, a location where poor' dispersion characteristics are often 
exacerbated by the topographical position of the city. Therefore, smoke control 
legislation similar to that in force for Dublin, which was introduced in Cork with 
effect from February 1995 (DoE, 1994) was a welcome development. 

85/86 86/87 87/88 88/89 89/90 90/91 91/92 92/93 93/94 
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Figure 4.6. S02 Concentrations in the Cork Corporation Network 1985/86-1993/94 

Table 4.3. Cork Corporation 98-percentile Smoke Concentrations (llg/m3). 

Princes St Blackpool StJosephs Spangle Hill St Finbarrs Mahon House 

1985/86 147 184 98 155 169 126 
1986/87 134 166 172 165 146 114 
1987/88 137 185 202 184 125 124 
1988/89 ill 211 ill 21Q NO. 
1989/90 81 111 181 139 93 
1990/91 2.0.8. ~ 225. 2.12. 168 156 
1991/92 76 141 151 207 114 124 
1992/93 168 ~ lli m ~ 103 
1993/94 98 .1a8. 149 184 78 112 

Underlined values approach the limit value for smoke. 

4.6 Smoke and S02 Concentrations at other Sites 

Apart from the Dublin and Cork networks already described, there are a total of 28 
other smoke and S02 monitoring sites operated by Local Authorities throughout the 
country. These also cover mainly urban centres but some sites are located in quite 
small villages (Appendix A). Winter median and 98-percentile smoke concentrations 
recorded in recent years are given in Table 4.4 for a numJJer of centres experiencing 
the highest concentrations of smoke outside Dublin and Cork. For those centres 
which have more than one monitoring site (Appendix A), the values given are for the 
site with the highest concentrations. 
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Table 4.4. Smoke Concentrations for Various Local Authority Networks. 

Drogheda Dundalk Waterford Wexford Limerick 1 a Limerick 2b Galway 

Win 98% Win 98% Win 98% Win 98% Win 98% Win 98%) Win 98% 
Med Med Med Med Med . Med Med 

1984/85 36 134 122 20 123 
1985/86 54 156 40 132 32 89 41 146 31 104 22 92 
1986/87 69 147 35 88 38 104 48 112 14 67 
1987/88 35 132 61 179 27 75 37 127 53 124 20 70 
1988/89 37 126 53 2Q.9. 30 127 45 150 19 63 16 57 
1989/90 29 163 32 128 30 86 38 130 44 111 21 50 15 38 
1990/91 37 135 52 2.02. 27 124 46 157 40 107 24 65 27 88 
1991/92 37 118 26 168 30 114 39 139 61 142 39 2Q1 11 78 
1992/93 38 no. 28 133 48 171 81 183 48 18~ 22 65 
1993/94 40 160 26 168 30 114 39 139 38 112 7 37 21 62 

Underlined values approach the limit value for smoke. 
a Limerick City 
b Limerick County Council 

The values are generally well within the limits but there is the potential for high 
concentrations of smoke to occur in some of the centres monitored. The 98-percentile 
limit value for smoke has been approached on a few occasions at some sites, even in 
the case of some years with very mild winters. The levels of S02 recorded at all 
Local Authority sites outside Dublin and Cork are very low and give no cause for 
concern. Overall, winter means are generally less than 30 Jlg/m3 and 98-percentiles 
are less than 80 Jlg/m3 with much lower values in the case of many sites. 

The sites maintained by the Electricity Supply Board were set up primarily to monitor 
air quality in areas likely to be affected by power stations which may have relatively 
large emissions of sulphur dioxide. Most of the sites are located in small towns or 
rural areas in the vicinity of such stations (Appendix A). 

The levels of smoke recorded at all ESB sites remain very low and may be considered 
to be typical of background concentrations for these areas (annual mean less than 5 
Jlg/m3 and 98-percentiles normally less than 20 Jlg/m3). Annual mean S02 
concentrations are typically in the range 10 to 15 I-lg/m3 and daily values rarely 
exceed 50 jlg/m3. 

4.7 Fine Particulate Matter 

Ambient concentrations of PM] 0 (particulate matter measuring less than 10 microns 
in diameter) have become the subject of some concern in recent times following 
studies in several US cities which showed a correlation between mortality and daily 
concentrations of airborne particulate matter. While much data has been gathered on 
black smoke in Ireland, there is no information available on PM IQ concentrations. 
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The standard measurement technique employed for black smoke in Ireland provides 
no information on the proportion of particles less than 1 ° Ilm in the sampled air, of on 
the likely source of particles in general. Furthermore, while smoke control measures 
of the type implemented in Dublin and Cork are clearly effective in reducing 
concentrations of particulates as determined by the black smoke method, they may 
have little impact on ambient levels of PM I 0, the particles which have potentially the 
greatest impact on human health. 

The EP A has recognised that research is necessary to establish typical concentrations 
of PM 1 0 at a number of locations in urban areas. This research is needed to compare 
ambient levels with any available standards or guidelines for this parameter, to 
establish the relationship, if any, between concentrations of PM 1 0 and black smoke 
and to assess whether monitoring is required on an ongoing basis. To meet these 
needs, a project to investigate PM 1 0 levels in Dublin is being carried out under the 
Environmental Monitoring sub-programme of the Operational Programme for 
Environmental Services. 

4.8 Conclusions 

Smoke control legislation has clearly resolved the problem of urban smog in Dublin 
and the extension of this legislation to Cork City is a welcome development, given 
the deterioration in air quality evident at some sites in the city in recent years. The 
emissions of smoke in some other important population centres are significant, and 
limit values may be approached at some sites, depending on winter-time 
meteorological conditions. As already mentioned, mild and windy conditions in the 
four winters 1990/91 through 1993/94 have contributed to good air quality generally, 
and observed concentrations in towns such as Dundalk, Drogheda and Limerick may 
have been quite different under less favourable conditions. 

Established monitoring networks for smoke and S02 may be considered adequate for 
the implementation of Directive 8017791EEC. Nevertheless, from the national 
viewpoint, there is a need to improve consistyncy among the various networks with 
regard to spatial coverage of sites in medium-sized population centres, where the 
pollutant for which data are required is obviously smoke. There appears to be no 
rationale among the various Local Authorities for selecting locations to monitor 
smoke and S02' Some conduct measurements in population centres of about 5,0l>0 
inhabitants, but there are no monitoring sites in several towns with populations close 
to 20,000. Furthermore, re-evaluation of existing networks is necessary in the case of 
those Local Authorities continuing to measure extremely lo~ concentrations of both 
pollutants. These needs are being addressed in the new air quality monitoring 
programme being developed by the EP A. 
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Chapter Five 

CONCENTRATIONS OF NITROGEN OXIDES AND LEAD 

5.1 Introduction 

At the high temperatures which occur during the combustion of fuels in air, the 
nitrogen and oxygen present react to form nitric oxide (NO), and a very small amount 
of nitrogen dioxide (N02), in the exhaust gases. When these gases enter the 
atmosphere oxidation of NO to N02 takes place, mainly by reaction with ozone and, 
to a lesser extent, with excess oxygen. While virtually all emissions are in the form 
of NO, the resultant concentrations ofN02 are highly dependent upon the immediate 
dispersion of the emitted gases, meteorological factors, oxidation rates and further 
complex generation and destruction reactions involving several other compounds. 

The most important mechanisms producing N02 concentrations in the atmosphere are 
(UN, 1986) 

Reaction with ozone (1) 

Oxidation by oxygen (2) 

Oxidation by peroxy radicals R02 + NO - > RO + N02 (3) 

where the peroxy radical, R02, is first produced by hydroxyl (OH) radical attack on 
reactive hydrocarbons. After formation, N02 may be destroyed by other reactions 

hu 
Photolysis N02 -> NO + ° (A <400nm) (4) 

Nitric acid formation N02 + OH - > RN03 (5) 

Reaction with ozone ·N02 + 0 3 _. > N03 + 02 (6) 

N03 + N02 - > N20 5 (7) 

and there also may be some loss .due to wet or dry deposition, but this loss pathway is 
considered relatively unimportant in urban areas. Reactions 4 and 5 are the main 
chemical sink for N02 during the day, while reactions 6 and 7 occur mainly at night. 
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'Nitrogen dioxide is therefore mainly a secondary pollutant and, of the various 
nitrogen species in air, is by far the most important in the context of effects on human 
health. Nitrogen oxides are also key intermediaries in the chemistry of both acid rain 
and oxidant formation and are an important precursor of photochemical smog. 
Reduction in emissions of NOx is currently one of the most important objectives of 
international air pollution control programmes, given that emissions have not 
decreased over the past 10 years in the same way as S02 emissions. 

5.2 NOx Monitoring 

Electricity generating stations and motor vehicles, . with approximately equal 
contributions, are the most important sources of nitrogen oxides emissions in Ireland 
(Chapter Two). Due to the differences in the nature of these sources, the emissions 
from traffic account for a considerably greater proportion of observed ground-level 
NOx concentrations and the highest values are obviously to be found in areas of high 
traffic density. 

The EC Directive 85/203IEEC on air quality standards for nitrogen dioxide (CEC, 
1985) sets a limit value of 200 flg/m3 (equivalent to approximately 105 ppb at the 
specified temperature and pressure) in respect of the 98-percentile concentration, 
calculated from hourly mean values recorded in a calendar year. This means that, in a 
full year, no more than 175 hourly mean values should exceed 200 flg/m3, and one 
exceedance every two days would be sufficient to breach the limit. The Directive 
also gives guide values of 13 5 Jlg/m3 (~71 ppb) for the 98-percentile and 50 Jlg/m3 

(~26 ppb) in respect of the median over the same period. Guide N02 values of 400 
flg/m3 and i 50 Jlg/m3 have been proposed by WHO for I ~hour and 24-hour averaging 
periods, respectively. 

The chemiluminescence method is the reference method of measurement for nitrogen 
oxides. In a standard chemiluminescent monitor, the concentrations of NO and NOx 
are both measured continuously in parts per billion and the level of N02 is calculated 
by difference. Data logging is then used to average the concentrations over suitable 
time intervals and these are readily converted for reporting in flg/m3, as required by 
the Directive. Chemiluminescent NOx monitors have a fast response time but they 
are expensive and require a power source as well as frequent attention for calibration 
and maintenance. 

Passive sampling by diffusion tubes is also widely used to measure N02 in many 
countries. Diffusion tube operation depends on a region of still air between the 
ambient atmosphere and an enclosed absorbent such that transport of N02 is limited 
to molecular diffusion. Tubes are normally exposed for several days and the average 
N02 concentration is calculated from the amount absorbed, based on the diffusion 
capacity of the gas. This method has been shown to be a cheap and reliable way of 
collecting data on average concentrations, especially where background information 
only is needed or where measurements are required in rural areas or on large spatial 
scales. 
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The level of monitoring for nitrogen oxides in Ireland still remains quite limited. 
There· are currently only two full-time measurement sites employing continuous 
monitors in urban areas. Both are in Dublin, where one site has been in operation at 
Rathmines since 1986, and is currently inaintained by the EP A, while Dublin 
Corporation has operated a NOx monitor at College Street since 1988. Continuous 
monitors are also operated by IF! at the nitric acid plant in Arklow, in relation to 
process NOx emissions from the plant, and by the ESB at two sites in the vicinity of 
Moneypoint power station. 

During 1994, continuous NOx monitors were installed at Kilkitt in County Monaghan 
and Glashaboy in County Cork in conjunction with ozone monitors, to provide 
information on the interaction between NOx and ozone at these sites (Chapter Six). 
The ESB has employed the diffusion tube method for a numb~r of years to determine 
average N02 concentrations in site networks in Dublin, Cork and around Moneypoint 
power station. An extensive survey ofN02 levels throughout Dublin, also employing 
the diffusion tube method, is currently being undertaken as part of the Dublin 
Environment Inventory established under the LIFE Programme. 

5.3 Concentrations ofN02 in Dublin 

Several years NOx data are now available for the continuous monitoring stations at 
College Street and Rathmines. Data capture has. been good for both locations and 
generally well in excess of the 75 percent requirement demanded by the N02 
Directive in order to determine compliance with the limit value. The annual results 
for the two sites for the period 1988 through 1993 are presented on Figure 5.1 and 
Figure 5.2 in relation to the limit and guide values ofthe Directive. 
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Figure 5.1. N02 Concentrations at College Street 1988 - 1993. 

No breaches of the limit value have occurred at either site, but it has been approached 
closely on two occasions at College Street, with the highest value of 195 Ilg/m3 
having been achieved in 1989 (Dublin Corporation, 1994a). The Directive guide 
value in respect of the 98-percentile has been exceeded at this location in each of the 
six years since the site was established, and the median guide value was exceeded in 
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1993, indicating relatively high levels of N02 in a city-centre area subject to heavy 
traffic. 

The 98-percentile values for the years 1990 through 1993 at College Street were very 
similar and were, on average, almost 20 percent lower than those in 1988 and 1989. 
This has probably been due to the favourable meteorological conditions and good 
dispersion characteristics which have been such a feature of corresponding winter 
periods, resulting in very few episodes of high hourly-mean concentrations in winter 
months, occurrences on which the 98-percentile value is highly dependent. This 
point is considered further in a later section. 
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Figure 5.2. M02 Concentrations at Rathmines 1988 -1993. 

The levels of N02 recorded at the Rathmines site are consistently lower than at 
College Street, reflecting lower NOx emissions locally due to lower traffic density at 
this location. The N02 results for all years for which data are available are very 
similar, with annual median and . 98-percentile concentrations well within their 
respective Directive guide values. ,The highest 98-percentile value to date at 
Rathmines is 119 Jlg/m3, recorded in 1988, but hourly means as high as 400 Jlg/m3 
have been recorded on several occasions. . 

Table 5.1. Annual Mean M02 Levels at lESS Passive Sampling Sites (J.lglm3). 

Poolbeg Ringsend South Lotts Holyrood North Wall Malahide Clontarf 
PS PS Road· Park PS Road Road 

1992 17.6 19.9 23.1 20.9 20.9 37.6 26.6 
1993 18.0 23.6 23.6 I 20.6 27:8 39.2 25.5 

Source: Ebrill, (1994) 

Annual mean N02 concentrations at a number of sites near, or downwind, of 
important ESB power stations in Dublin, based on passive diffusion tube sampling 
conducted by the ESB, are given in Table 5.1. These diffusion tubes were nonnally 
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exposed for a period of a fortnight. The mean values recorded are generally what 
would be expected, given the more detailed information on N02 levels at College 
Street and Rathmines, and again show that the highest concentrations are to be found 
where traffic volumes are greatest. The results of the diffusion tube surveys 
underway for the Dublin Environmental Inventory will provide more extensive data 
of this type. 

5.4 Temporal Variations in NOx Concentrations 

The results from continuous monitors provide a convenient means for the assessment 
of short and long-term variations in NOx concentrations. Temporal variations are an 
important characteristic of ambient NOx levels and this type of assessment gives 
some indication of the relative importance of the nature of emissions sources, the 
various reaction processes listed earlier in this chapter and other factors in 
determining daily or seasonal variations of these pollutants. 

Typical diurnal cycles of NO and N02 concentrations at Rathmines for weekday and 
weekend periods and for the summer and winter seasons in 1991 are presented on 
Figure 5.3 and Figure 5.4, respectively. These have been derived by averaging all 
values for each hour of the day over the relevant period, with sundays representing the 
weekend period. A number of characteristics are immediately apparent. 
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Figure 5.3. NO and N02 Diurnal Cycles for Weekdays and Weekends. 

Variations during the day are clearly dominated by emiSSIons from traffic. 
Concentration peaks during the morning and evening on weekdays, corresponding to 
periods of maximum emissions from rush-hour traffic, are readily apparent. The 
highest NO values attained at this site are very similar during morning and evening 
peaks. The effects of reduced emissions on sundays is also clear, with NO only 
achieving a maximum in the late evening. 
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The variation in N02 throughout the day is less pronounced than in the case of NO. 
This is not surprising and is entirely consistent with N02 being a secondary pollutant. 
The morning peak for N02 follows very shortly on that for NO, indicating rapid 
initial oxidation of NO by ozone. For the remainder of the day, N02 levels are 
controlled by the establishment of equilibrium conditions involving NO, N02 and 
ozone in the chemical formation and removal processes given at the beginning of this 
chapter. Removal processes dominate during darkness, a time when NO emissions 
are considerably reduced, usually resulting in both NO and N02 concentrations 
becoming significantly depleted at night. 
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Figure 5.4. NO and NOz Diurnal Cycles for Summer and Winter. 

The high values of NO which are clearly seen during the day and evening in winter 
reflect the increased emissions from domestic heating systems and other stationary 
combustion sources and an increase in concentrations due to generally reduced 
dispersion capacity. In contrast, N02 concentrations do not exhibit pronounced 
seasonal variation. This is due largely to the effects of the NO to N02 oxidation 
processes. Conditions for the efficient oxidation of NO to N02 through reactions (1) 
and (3) are much more favourable in summer than in winter due to the greater 
availability of ozone and OH radicals during summer months. Oxidation in summer 
dominates over N02 loss by photolysis, reaction (4), which results in mean N02 
levels very similar to, or even higher than, those observed in winter. 

This is well shown by the monthly N02 concentration statistics for 1993 for College 
Street, given in Table 5.2. These results show that, when there is little occurrence of 
the meteorological conditions usually associated with severe episodes of air pollution 
in winter (temperature inversions, increased atmospheric stability and reduced mixing 
height), as exemplified by 1993, the highest concentrations ofN02 are most likely to 
occur in the summer months. 

There are, therefore, two distinctly different sets of conditions under which N02 
levels may become sufficiently elevated to accumulate hourly values in excess of 200 
I!g/m3. The most obvious occurs in winter when conditions of poor dispersion result 
in a build-up of pollutants over long periods, which may extend to several days. With 
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limited chemical destruction of N02 in winter, these conditions can give rise to 
elevated concentrations which persist over a large number of consecutive hours. The 
other less obvious conditions occur in summer months when efficient oxidation 
processes can quickly produce high concentrations ofN02 for a few hours repeatedly 
over many days at the times when NOx emissions are greatest. 

Table 5.2. Monthly N02 Statistics for College Street 1993 (f,lglm3). 

Jan Feb Mar Apr May Jun July Aug Sep Qct Nov Oec 

Mean 57 74 68 71 68 75 68 58 68 85 69 57 
Median 53 78 69 66 67 67 63 60 67 87 67 58 
98%ile 154 150 151 159 146 194 173 113 138 143 154 116 
Max 200 173 180 206 162 309 251 143 159 188 201 154 

Source: Dublin Corporation, (1994a) 

5.5 Concentrations of Lead 

A limited amount of data on the concentrations of lead in the air is included here to 
complete the review in respect of pollutants for which air quality standards have been 
adopted. Petrol combustion is the primary source of lead emissions in Ireland and 
major reductions in emissions have occurred since the mid-1980s through progressive 
reduction in the lead content of leaded petrol and very significant increase in the use 
of unleaded petrol by motorists. Unleaded petrol now accounts for approximately 
half of total petrol sales. 
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Figure 5.5. Annual Mean Lead Concentrations in Dublin. 
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The corresponding decrease in ambient lead levels is readily apparent from the 
variation in annual mean concentrations of airborne lead measured at 8 sites in Dublin 
over the period 1988 through 1993 (Dublin Corporation, 1994b), as shown on Figure 
5.5. Annual mean concentrations for most sites are currently less than half the WHO 
guideline value of 0.5 J.1g/m3 and clearly well within the air quality standard of 2 
J.1g/m3 which is also the limit set by. EC Directive 82/8841EEC (CEC, 1982). 

5.6 Conclusions 

It is likely that NOx emissions from traffic will not show any significant reductions 
for several years and NOx levels related to this source will need to be monitored 
closely in major urban areas. At present, there are only two continuous monitoring 
stations for urban NOx in the country, and N02 levels at the College Street station 
consistently exceed the EC guide value and have also approached the limit value for 
this pollutant on occasion. It is reasonable to assume that there are other locations in 
Dublin, and possibly Cork, with traffic densities similar to College Street and which, 
as a result, may be experiencing equally high NOx concentrations. 

This suggests that the spatial coverage of monitoring sites in urban areas should be 
increased to fully implement Directive 85/203IEEC. At least one additional NOx 
monitoring site is required in Dublin, along with a new site in Cork City, to 
supplement the existing two sites in respect of major urban cel1tres. Results from 
mobile measurement surveys, and from a number of N02 measurement programmes 
currently underway employing diffusion tubes, can be assessed so that suitable site 
locations may be selected, in accordance with the requirements of the Directive. 

The concentrations of NO x being measured at the rural ozone monitoring sites, Killkit 
and Glashaboy, are very low and relatively constant. When NOx levels at these 
locations have been determined continuously for a period of two years for assessment 
in relation to the corresponding level of ozone, the NOx monitors could be relocated 

. in Dublin and Cork to extend the network of sites for areas subject to the largest NOx 
emlssIons. 
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Chapter SIx 

CONCENTRATIONS OF OZONE 

6.1 Introduction 

High concentrations of ground-level ozone (03), the tri-atomic form of oxygen, are of 
concern because of potential adverse effects of the pollutant on human health, forests, 
crops and other vegetation. Ozone is the most prevalent of the atmospheric 
compounds known as photochemical oxidants and is a secondary pollutant formed 
mainly by the action of sunlight on NOx and hydrocarbons. Ozone in the atmosphere 
is an important source of another strong oxidant, the hydroxyl (OH) radical, which 
plays an important role in atmospheric chemistry and affects the production and 
removal of many other polluting compounds. 

Episodes of high ozone concentrations in summer have been a common occurrence 
throughout Europe for many years but action to control ozone formation has been a 
relatively recent development. The EC Directive on air pollution by ozone (CEC, 
1992) establishes a harmonised procedure for monitoring, exchanging information, 
and informing and warning the public with regard to air pollution by ozone. Unlike 
other Directives on air pollutants, it sets no air quality limit values. However, it does 
define thresholds for ozone in air above which there may be effects on human health 
and vegetation, in addition to thresholds for informing and warning the public in the 
event of pollution episodes. 

The EC threshold values for health protection are broadly consistent with guide 
values for ozone concentrations proposed by the World Health Organisation (WHO, 
1987). The EC threshold and WHO guide values for ozone are given on Table 6.1. 
The ozone Directive requires that Member States establish ozone monitoring 
networks in order to provide information on the frequency and duration of 
exceedances of the specified thresholds, and to provide a range of statistical data on 
ozone concentrations for various averaging periods. 

6.2 Ozone Monitoring Network 

Continuous measurement of ozone in Ireland has been undertaken at two rural 
locations since 1987. The monitoring sites are at Mace Head in County Galway and 
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Lough Navar in Northern Ireland (Figure 6.1). The latter is part of the UK network of 
monitoring sites while measurements at Mace Head have been carried out mainly as 
part of a number of international monitoring programmes. In order to determine 
urban levels of ozone, a monitor was installed at Rathmines in Dublin in 1991 and 
was relocated at the EP A Laboratory at Pottery Road in 1992. 

Table 6.1 .. EC Thresholds and WHO Guide Values for Ozone (llglm3). 

Body Purpo~e Parameter Threshold/Guide 

EC Protection of Human Health 8-hour mean· 110 

EC Protection of Vegetation 1-hour mean 200 
24-hour mean 65 

EC Population Information 1-hour mean 180 

EC Population Warning 1-hour mean 360 

WHO Protection of Human Health 1-hour mean 150-200 
8-hour mean 100-120 

WHO Protection of Vegetation 1-hour mean 200 
24-hour mean 65 
mean over the 
growing season·· 60 

'" the mean over 8 hours is a non-overlapping moving average calculated four times per day from the 
eight hourly values between 00.00 and 9.00, 8.00 and 17.00, 16.00 and 01.00 and 12.00 and 21.00 

** 1 April to 30 September 

For the purposes of implementing the EC Directive on ozone, four new ozone 
monitoring stations were established during 1994. Their locations are shown on 
Figure 6.1. They have been selected in accordance with the various requirements 
outlined in Annex 2 of the Directive regarding site location. In this regard, the risk 
of exposure of human beings to values in excess of the health protection thresholds 
and the exposure of forests, crops and natural ecosystems to values in excess of the 
vegetation protection thresholds may be adequately assessed. 

Ultraviolet absorption photometric analysers are used for the continuous measurement 
of ambient ozone concentrations at all these sites. Parallel measurements of nitrogen 
oxide levels are made at the Killkitt and Glashaboy sites in order to provide 
information on the interactions between NOx and ozone. Data loggers are employed 
at each station to record and average pollutant concentrations over I-hour periods and 
to monitor instrument diagnostic functions. Ozone analyser calibrations are checked 
automatically on a daily basis and recorded to validate the results. 

The four new monitors, and the Mace Head monitor, are linked to a data telemetry 
system which allows the continuous transfer of the measured data over standard 
telephone lines from the monitoring stations to a computerised network control centre 
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at the EP A Laboratory in Pottery Road, Dublin. The monitor at the EP A Laboratory 
is linked directly to the central computer. Data are currently acquired automatically 
every four hours, although polling may be carried out at I-hour intervals, if necessary. 
During ozone pollution episodes, the public can be informed of general conditions by 
daily bulletin and, in the event of exceedance of the popUlation . information or 
warning thresholds, on an hourly basis by the Meteorological Office which will 
receive the information from the control centre in real time by an automatically
triggered fax report. 

Glashaboy. 

EPA Laboratory 
Pottery Road • 

Kilkenny. 

Avondale 

• 

Figure 6.1. Ozone Monitoring Stations. 
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6.3 Rural Ozone Concentrations 

Continuous data on ozone concentrations are now available from the Mace Head 
station for a period of more than six years and provide a good indication of typical 
ozone levels in rural Ireland in recent years. Summary annual statistics for the period 
1988 through 1993, together with an assessment of the levels in relation to the 
thresholds and guide values in Table 6.1, are given in Table 6.2. Monthly statistics for 
1993 are given in Table 6.3. 

Table 6.2. Ozone Concentrations at Mace Head 1988 -1993. 

Summary Annual Statistics (1l9/m3) 

1-hr means 8-hr meansa 24-hr meansb Percent 
Data 

med 98% max med 98% max min med max Capture 

1988 66 94 130 67 92 128 19 63 120 87 
1989 70 106 198 71 105 179 7 67 134 91 
19.90 70 108 164 ·71 108 140 27 70 131 97 
1991 68 110 172 68 108 150 7 67 119 97 
1992 66 100 166 67 99 158 16 64 128 99 
1993 66 92 124 66 90 114 10 71 99 91 

Number of Exceedances of Threshold and Guide Values 

15Ollg/m3 18Ollg/m3 2OOllg/m3 11Ollg/m3 651lg/m3 

1-hr daysc 1-hr days 1-hr days 8-hrd days days 

1988 0 0 0 0 0 0 5 3 173 
1989 11 3 3 1 0 0 19 9 219 
1990 1 1 0 0 0 0 26 15 227 
1991 6 3 0 0 0 0 28 12 219 
1992 7 1 0 0 0 0 17 8 196 
1993 0 0 0 0 0 0 2 2 178 

a 8-hour rolling average; 24 values per day 
b 24-hour period 00.00 to 24.00 
c The days count is the number of days on which one or more exceedances ofthe relevant 

short-tenn threshold/guide value occurred. 
d 8-hour values calculated 4 times per day from the eight hourly values between 00.00 and 9.00,8.00 
and 17.00, 16.00 and 01.00 and 12.00 and 21.00 

The ozone levels at Mace Head are true background values, with very similar results 
for all years for which records are available. Annual medians of I-hour values are 
generally about 70 J..lg/m3 and 98-percentiles are around 100 J..lg/m3. Maximum 
recorded hourly concentrations very rarely exceed the population information 
threshold of 180 J..lg/m3. 
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Table 6.3. Monthly Ozone Statistics for Mace Head 1993 (llglm3). 

Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec 

Min 38 8 32 28. 38 28 14 24 24 18 2 32 
Mean 71 64 75 78 77 58 54 55 58 44 55 70 
Median 74 70 80 82 78 60 56 56 60 46 58 74 
98%ile 78 84 90 96 111 76 70 72 78 76 80 82 
Max 82 86 92 104 124 84 76 84 86 78 86 84 

Despite the low levels of ozone at this rural location, exceedances of some of the 
guideline and threshold values in Table 6.1 do occur, particularly in respect of the 
longer averaging periods. As the 24-hour mean of 65 Ilg/m3 for effects on vegetation 
is close to the background level for ground-level ozone in northern mid-latitudes, it is 
often exceeded for up to 60 percent of days in the year at Mace Head. During the 
six-year period given, the population information threshold was exceeded for only 
three hours on one day in 1989. 

Table 6.4. Ozone Concentrations at Killkitt and Glashaboy 1994. * 

Summary Annual Statistics (llg/m3) 

1-hr means 8-hr means 24-hr means Percent 
Data 

med 98% max med 98% max min med max Capture 

Killkitt 54 86 118 54 82 111 11 55 83 80 
Glashaboy 58 92 140 57 86 114 16 54 89 67 

Number of Exceedances of Threshold and Guide Values 

150 Ilg/m3 180 Ilg/m3 200 1l9/m3 110 1l9/m3 65 Ilg/m3 

1-hr days 1-hr days 1-hr days 8-hr days days 

Killkitt 0 0 0 0 0 0 1 1 62 
Glashaboy 0 0 0 0 0 0 2 2 57 

* No results for January and February 

A summary of the first years results for the new stations at Killkitt and Glashaboy is 
given on Table 6.4. The A vondale and Kilkenny sites came into operation relatively 
late in 1994 and insufficient data are available in respect of the ai:mual reference 

. period. Although results for 1994 are not available for Mace Head at this time, ozone 
levels at the new monitoring sites appear similar to those at Mace Head, indicating a 
quite uniform concentration field for non-urban ozone over the country, which is to be 
expected. 
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6.4 Ozone Concentrations in Dublin 

Ozone measurement commenced in Dublin in 1990 when a monitor was installed at 
Rathmines and was subsequently relocated at the EP A Laboratories in Pottery Road 
in early 1992. The annual results to date for Dublin are given in Table 6.5 and 
monthly statistics for 1993 are given in Table 6.6. Concentrations recorded in the city 
are significantly lower than at the rural site at Mace Head. Annual medians of hourly 
concentrations may be only half those at Mace Head, hourly mean values show 
greater variability and there are much fewer exceedances of the thresholds for the 8-
hour and 24-hour averaging periods. 

Table 6.5. Ozone Concentrations in Dublin 1991-1994. * 

Summary Annual Statistics (J.1g/m3) 

1-hr means 8-hr means 24-hr means Percent 
Data 

med 98% max med 98% max min med max Capture 

1991 32 74 117 32 70 90 3 31 82 76 
1992 44 93 149 43 91 140 5 41 98 68 
1993 36 72 180 36 70 98 6 36 74 94 
1994 52 90 116 51 86 107 3 48 94 83 

Numberof Exceedances of Threshold and Guide Values 

150 J.1g/m3 18Ollg/m3 200 J.1g/m3 110 J.1g/m3 651lg/m3 

1-hr days 1-hr days 1-hr days 8-hr days days 

1991 0 0 0 0 0 0 0 0 6 
1992 0 0 0 0 0 0 12 6 5 
1993 2 2 1 1 0 0 0 0 13 
1994 0 0 0 0 0 0 0 0 64 

* Rathmines for 1991, Pottery Road for other years 

Table 6.6: Monthly Ozone Statistics for Pottery Road 1993 (J.1glm3j. 

Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec 

Min 2 2 2 2 2 2 2 0 2 4 4 4 
Mean 34 24 32 32 36 34 38 42 44 36 36 54 
Median 36 28 34 34 38 36 40 44 46 36 36 60 
98%ile 46 44 46 54 62 78 62 78 82 68 68 76 
Max 48 46 50 64 164 180 70 108 94 76 74 86 
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The urban-to-rural contrast is also readily apparent from a comparison of typical 
monthly concentration statistics for Mace Head and Pottery Road, as presented in 
Table 6.3 and Table 6.6, and the frequency distributions for 1993 shown on Figure 
6.2. Highest concentrations usually occur during May and June at both sites, 
reflecting the overall increase in free tropospheric ozone around this time of year. 
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Figure 6.2. Cumulative Frequency Distributions of Ozone Concentrations. 

6.5 Ozone Diurnal Cycles 

Before examining typical diurnal variations in ozone levels, it is worth considering 
the mechanism of ozone formation. The basic step in ozone production is the 
oxidation of primary NO emissions to N02 which is then photolysed to form ozone 

hu 

N02 -> NO + ° (A <400nm) (4) 

(8) 

The initial oxidation is commonly by ozone already present but this process simply 
recycles 03, NO and N02 and does not result in additional ozone production. This 

. can only occur if the conversion of NO to N02 takes place without ozone 
consumption (Williams, 1992). This route is provided by volatile organic 
compounds, from which photochemical degradation provides peroxy radicals (R02) 

which react with NO to produce N02 

R02 + NO - > RO + N02 (9) 

and the N02 photolyses to ozone as before. The RO species can react further to form 
further peroxy radicals which may eventually form more ozone. 

Volatile organic compounds are therefore the fuel for ozone formation but, generally, 
the limiting step in each vac reaction chain is the initial reaction with the hydroxyl 
radical OH, which is strongly dependent on sunlight. From the above, the duration 
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and frequency of ozone episodes are clearly determined by a variety of factors 
including the availability of precursor emissions, solar radiation intensity, 
Hydrocarbon reactivities, temperature and other meteorological variables controlling 
airmass transport. Taking all of these into account, it is reasonable to assume that 
ozone creation potential is reasonably uniform throughout Ireland and it is ozone loss 
mechanisms, principally reaction with nitrogen oxides and dry deposition, which 
largely determine mean concentrations at any particular location. 

There is little diurnal variation in ozone levels at Mace Head where hourly mean 
concentrations are virtually constant over long periods during summer and winter and 
show only slight increase during the afternoons in summer (Figure 6.3). This reflects 
the remote location of the site where there is no chemical sink for ozone, due to 
negligible NOx levels locally and usually no episodes of elevated concentration 
resulting from long-range transport of pollutants. In effect, the level of ozone at 
ground level at this site is maintained at the background value of about 35 ppb (70 
Jlg/m3), typical of northern mid-latitudes, largely by input from the troposphere. A 
similar situation normally prevails at the new ozone monitoring stations, although the 
Glashaboy site would also be expected to show some effect of ozone transport from 
southern England and Europe. 
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Figure 6.3. Ozone Diurnal Cycles for Summer and Winter 

During winter months, the diurnal pattern for the Pottery Road site is similar to that 
for Mace Head, but ozone concentrations are consistently lower overall due to the 
occurrence of appreciable levels of NOx' A marked peak in the diurnal cycle is 
readily apparent during the summer months, characterised by a maximum around 
mid-afternoon (14.00 through 17.00 hours), but it is worth noting that even the peak 
hourly values at this time do not reach the level of daily mean concentrations at Mace. 
Head. This peak in ozone is obviously due to photochemical generation of ozone 
resulting from higher average temperatures and solar radiation rates and increased 
concentrations of OH-radicals in summer, together with higher concentrations of 
precursor NO and VOC locally than at the Mace Head site. 
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The relationship between ozone and nitrogen oxides in an urban area is shown by the 
diurnal variations in ozone, NO and N02 at the Rathmines site during summer and 
winter weekdays in 1991 (Figure 6.4 and Figure 6.5). There is a clear inverse 
relationship between ozone and NOx• with characteristic minima in concentrations of 
ozone during morning and evening traffic rush-hour periods when emissions of NO 
are highest. During winter months, overall NOx concentrations are higher, due to 
increased emissions, and corresponding ozone levels are lower, but the same 
relationship between the pollutants is again evident. 
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Figure 6.4. Diurnal Cycles for NO, N02 and Ozone in Summer 
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Figure 6.5. Diurnal Cycles for NO, N02 and Ozone in Winter 

The relationship between nitrogen oxides and ozone may be applied to estimate the 
magnitude of the depression in mean ozone concentrations in urban areas due to NO 
emISSIOns. If it is assumed that all N02 is produced by the reaction of ozone and 
NO, the depression in the rural ozone concentration field in the urban area will 
approximate the N02 concentration. For example. the mean concentration of ozone 
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at Rathmines (based on the 1991 data) is around 17 ppb, approximately half that for 
the rural monitoring sites. The annual mean N02 concentration at Rathmines is also 
about 17 ppb, which is consistent with the degree of depletion of the rural ozone 
concentration field. However, a higher mean N02 of approximately 25 to 30 ppb 
level at College Street (Dublin Corporation, 1994a) would suggest that other N02 
formation processes are also important in the urban area. 

6.6 Critical Levels for Ozone 

The direct effects of ozone on vegetation, compared with indirect effects due to acidic 
compounds, have probably been underestimated in the past in Europe. Also, 
exposure to ozone usually occurs with simultaneous exposure to other air pollutants, 
and for many vegetation types, the potential for adverse effects is greatest when 
elevated ozone levels are. combined with elevated concentrations of S02 or NOx' 
Forest damage, currently evident in many parts of Europe, is now believed to be due 
to a complex combination of effects caused by both acidic compounds and 
photochemical oxidants such as ozone. 

It is for these reasons that the objective of reducing ozone concentrations in Europe is 
being addressed under the concept of critical levels for air pollutants, where ambient 
values are compared with established thresholds for adverse effects. The concept is 
beIng developed within the workplan of the UNECE Geneva Convention on Long
Range Transboundary Air Pollution. Critical levels for ozone for crops, forests and 
natural vegetation were first proposed at a workshop in Bad Harsburg, Germany, in 
1988 (UNECE, 1988). These were largely based on ozone effects data from research 
in the United States and were 75 ppb as a I-hour mean, 30 ppb as an 8-hour mean (3 
non-overlapping periods per day) and 25 ppb as a 7-hour (0900 - 1600) mean over the 
growing season (defined as the period 1 April- September 30). 

Since 1988, a considerable amount of results from European studies on ozone effects 
has been published, culminating in: detailed reassessment of the numerical values 
promulgated at Bad Harzburg and the basis upon which they were set (Ashmore and 
Wilson, 1994). The new data showed that critical levels based on mean 
concentrations for both short and long-term averaging periods are of little biological 
significance and that the most important factor governing damage by ozone is the 
cumulative effect of successive episodes of elevated concentrations. 

Following these considerations, the critical level for ozone was defined on the basis of 
the accumulated exposure over a threshold of 40 ppb (AOT 40)' The AOT 40 is 
calculated as the sum of the differences between the hourly concentration and 40 ppb, 
for each hour during a specified period, when the concentration exceeds 40 ppb 
(Fuhrer and Acherman, 1994). 

For crops, an AOT40 of 5300 ppb-h has been proposed, based on wheat data and a 10 
percent yield loss, where AOT40 is calculated for daylight hours during the months of 
March to July, inclusive. An AOT40 of 700 ppb-h, accumulated over three 
consecutive days, has also been proposed as a provisional short-term critical level for 
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visible injury development. In the case of forests, the AOT 40 is calculated for 24 
hours per day during a six-month period of highest sensitivity and 10,000 ppb-h has 
been set as a provisional critical level. 

In future work under the Convention on Long-Range Transboundary Air Pollution to 
control emissions of nitrogen compounds, reductions in the exceedance of critical 
levels for ozone will be considered jointly with emissions abatement strategies based 
on acidification and eutrophication. In this regard, an assessment of the extent to 
which the proposed critical levels for ozone :play be exceeded in all countries is likely 
to be a part of national obligations under the Convention in the future. 

The recently established ozone monitoring network will be an ideal source of data for 
undertaking this assessment in Ireland. Given that ozone concentrations in this 
country will rarely be much in excess of the thresholds for effects on human health in 
Table 6.1, and are likely to be much more relevant in the context of effects on crops 
and forests, such obligations may justify the establishment of the ozone monitoring 
network as much as the needs of the EC Directive on ozone. 

6.7 Conclusions 

There are currently six established ozone monitoring stations in Ireland suitable for 
supplying the data necessary for implementation of the ozone Directive and for other 
purposes. Continuous monitors at all stations are linked to a network control centre at 
the EP A Laboratories in Dublin and a sophisticated telemetry system is used for 
remote data acquisition. 

In accordance with the requirements of the Directive, the network control centre 
incorporates a warning system capable of informing the public, through the 
Meteorological Service, in the event of ozone pollution episodes. The entire 
monitoring system represents a new departure in air quality surveillance in Ireland 
and is operating very satisfactorily. 

The available information on ozone indicates annual mean values of about 70 ~g/m3 
(35 ppb) in non-urban areas with a depression in the concentration field of the order 
of 30 ~g/m3 over major urban areas. Maximum recorded hourly concentrations very 
rarely reach the population information threshold of 180 ~g1m3 for I-hour values. The 
8-hour mean threshold for the protection of human health is exceeded on very few 
occasion while the 24-hour mean for the protection of vegetation may be exceeded for 
up to 60 percent of days in a year at rural sites. 
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Chapter Seven 

FUTURE DEVELOPMENTS AND DATA REQmREMENTS 

7.1 EC Policy on Air Quality 

The most important aspect of EC clean-air policy during the 1980s was the definition 
of, and legislation for, air quality standards for priority pollutants, principally to 
safeguard human health, with which Member States had to comply within a specified 
period. In the belief that compliance with the standards could be achieved largely by 
controlling the emissions from a few well-defined sources, follow-up legislation was 
directed towards limiting the emissions of certain pollut~hts from specified sources 
(e.g. large combustion plants and motor vehicles) and capping the pollution potential 
of certain basic fuels (e.g. the sulphur content of gasoil and the lead content of petrol). 

While this policy has undoubtedly contributed to improvements in air quality in 
general, and the elimination of most pollution hot-spots for the compounds 
concerned, there have been a number of shortcomings. The process of standards 
definition was time-consuming, there was generally inadequate information available 
from Member States as to how they would achieve or maintain compliance and there 
was no established means of assessing the effects of controls implemented. 

In addition, it soon became clear that the full range of pollution sources would have to 
be considered, that the effects on receptors other than human health warranted greater 
consideration in the definition of standards and that it was important to keep the 
public more fully informed with regard to air pollution episodes and important trends 
in air quality. 

Overall, the need for a more harmonised and flexible means of air quality assessment 
and management in the European Community has been established and recent 
proposals for a Council Directive on this issue have outlined the framework for 
undertaking this task, with long-term objectives (CEC, 1994). The new proposals are 
based on the acceptance that parallel development of air quality standards and 
emission/product standards, backed up by intensive monitoring and the application of 
a range of instruments in addition to established regulatory mechanisms, is the most 
effective means to protecting air quality. 
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7.2 Future National Responsibilities 

The establishment of an adequate air quality assessment process will involve setting 
criteria to harmonise monitoring networks and measurement methods in all Member 
States. There will be greater emphasis on data quality and reliability through quality 
assurance programmes as well as considerable expansion of data exchange activities 
and elaboration of the steps to be taken by Member States in the event of ambient 
concentrations exceeding permitted levels or limit values. 

As mentioned in previous chapters of this report, EC Directives have been adopted for 
S02 and suspended particulates, N02, lead and ozone. Limit values, where 
prescribed by these Directives, have been adopted as national air quality standards for 
the respective pollutants in Ireland. Significant extension of this list of regulated 
parameters is one of the key elements of the new approach. Over the next ten y,ears, it 
is expected that air quality objectives will be set for a varie!N of compounds which 
may include carbon monoxide, metals (cadmium, nickel and arsenic), individual 
components of acid deposition and a range of volatile organic compounds. 

In areas where ambient levels of any pollutant exceed permitted values, Member 
States will be required to design and implement a programme to bring levels within 
the limit value within a specified period. This programine must be made available to 
the public and must contain a wide range of information, including detailed 
quantitative assessment of the nature and origin of pollution, and a description of all 
existing or planned measures and projects designed to reduce pollution. 

7.3 Air Quality Monitoring and Data Requirements 

In earlier chapters of this report, some additional data requirements and improvements 
regarding existing monitoring networks for currently regulated air pollutants, and 
other parameters, have been identified. It is clear that these networks must evolve to 
take account of changing pollution problems, abatement priorities and ever-increasing 
control legislation and also to provide the data to apply new approaches to 
environmental quality assessment. Pressure for re-evaluation of air quality monitoring 
and related data collection is increased by the new assessment and management 
methods outlined above, the need to combine national air quality monitoring with 
integrated pollution control and the general obligation to dispel public concern over 
potentially harmful substances in air. ' 

Overall, air pollution associated with S02 and smoke emissions from stationary 
combustion sources has been almost eliminated in Ireland. As a result, road traffic 
has become potentially the "greatest source of air pollution generally, and attention in 
urban areas has clearly shifted to a range of pollutants associated with this source 
which may be considered relatively new in terms of air quality control. With lead in 
urban air having been reduced to very low levels, the most important of these 
pollutants are N02, ground level ozone, PM 10, carbon monoxide and a wide variety 
of organic compounds in,cluding carcinogens such as benzene. 
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The need for more information on all such compounds is growing. A major step has 
been taken to meet this need through the commissioning of studies to establish the 
ambient levels of PM 10 and a range of petroleum-based organic compounds in 
Dublin, as discussed in previous chapters. This will provide valuable baseline data in 
relation to existing guidelines or limits for some of the compounds concerned or 
which are likely to be specified in the future in the case of others. The data can be 
used to determine whether PM 10 or particular organic compounds such as benzene, 
toluene and xylene would need more intensive monitoring. 

The quality of urban air in the future will depend very much on the evolution of total 
emissions of NOx and hydrocarbons from motor vehicles. It is clear that, as vehicle 
numbers and mileage driven both continue to increase, emissions of these pollutants 
will continue to increase over the next five years before three-way catalysts and other 
controls attain sufficient share of the fleet to bring about substantial reductions. 
Moreover, actual reductions may be less than expected, given the uncertainties which 
still exist over the durability of the performance of the three-way catalyst and the 
efficiency ofevaporative emission controls. Much more work is therefore required on 
the issue of emission projections for the traffic sector. Such work would also 
contribute substantially to national reporting obligations under the Framework 
Convention on Climate Change regarding greenhouse gases and ozone precursors. 

7.4. Critical Loads 

For several years, the critical loads approach to emissions control has been pursued 
within the workplan of the Executive Body of the Geneva Convention on Long
Range Transboundary Air Pollution. In this approach, parties are required to 
determine and map critical loads for acidity, sulphur and nitrogen and their 
exceedances, on a national scale according to established methodologies, and to 
submit these data for analysis and assessment as part of the international negotiations 
on emissions reduction strategies. This concept contributed to the formulation of the 
Oslo Protocol for the control of sulphur emissions. 

Ireland has participated in the mapping programme but, compared with. other 
countries, the amount of work done to date on critical loads in Ireland is very limited. 
Work which has been carried out includes a preliminary assessment of critical loads 
for sulphur and nitrogen for the country based on a soils sensitivity analysis and pilot 
studies of critical loads for forest soils. Some of the results obtained were used to 
support the Irish position in negotiations on the Oslo Protocol on sulphur emissions 
and which was signed by Ireland in October 1994. 

Because Ireland has ratified the NOx Protocol and will seek to participate in its 
forthcoming revision, there is a clear need for much more detailed investigations of 
critical loads, particularly in relation to nitrogen deposition. This is necessary in order 
to establish whether sensitive receptors (especially forest soils) are currently subject 
to deposition in excess of critical values and to fully assess the implications of the 
emission controls which may have to be adopted. 
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The minimum data requirements are best estimates of critical loads and their 
exceedances for the most important pollutant-receptor combinations, as has been 
achieved for most European countries, based on current methods and available data. 
These would form the basis of national submissions to the international critical loads 
mapping programme and, together with suitable deposition data, would provide a 
means for ongoing assessment of potential effects due to acid deposition in Ireland. 

It has already been mentioned that reductions in the exceedance of critical levels for 
ozone will have to be taken into account in future abatement strategies to reduce 
nitrogen emissions. Accordingly, mapping of critical levels for ozone for crops, 
forests and natural vegetation and their exceedance, if any, is another requirement of 
future work programmes. 
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APPENDIX A 

Smoke and Sulphur Dioxide Monltortng Sites 
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Figure A·1. Smoke and S02 Monitoring Stations. 



Table A.1 Smoke and Sulphur Dioxide Monitoring Sites 1993-1994. 

Monitoring Authority Site Noa Site Name Smoke S02 Commenced Directiveb 

Dublin Corporation DI Brunswick Street Y Y 1988 Y 
D2 RDS Y Y 1975 Y 
D3 Mount joy Square Y Y 1980 Y 
D4 Ringsend Y Y 1993 N 
D5 Clontarf Y Y 1975 Y 
D6 Herbert Street Y Y 1982 Y 
D7 Bluebell Y Y 1981 Y 
D8 Cabra Y Y 1981 Y 
D9 Rathmines Y Y 1975 Y 
DlO Ballyfermot - Y Y 1978 Y 
Dll Crumlin Y Y 1983 Y 
Dl2 Kilmore Road Y Y 1988 Y 
D13 Finglas Y Y 1975 Y 
Dl4 Whitehall Y Y 1989 Y 
D15 Raheny Y Y 1990 Y 

Fingal Council FCl Swords Y Y 1970 Y 
FC2 Santry Y Y 1970 Y 
FC3 B1anchardstown Y Y 1987 Y 
FC4 Hartstown Y N 1989 Y 

South Dublin Council SDI Clondalkin Y Y 1970 Y 
SD2 Neilstown Y Y 1987 Y 
SD3 Tallaght Y Y 1970 Y 
SD4 Lucan Y Y 1987 Y 
SD5 Knocklyon Y Y 1989 Y 
SD6 Brookfield Y N 1989 N 
SD7 Avonbeg Y N 1989 N 
SD8 Quarryvale Y N 1989 N 

DunlaoirelRathdown DRl Dunlaoire Y Y 1970 N 
DR2 Blackrock Y Y 1988 N 
DR3 Mount Anville Y Y 1989 N 

Cork Corporation Cl Princes Street Y Y 1975 Y 
C2 Blackpool Y Y 1975 Y 
C3 St. Josephs Cemetery Y Y 1982 Y 
C4 Spangle Hill Y Y 1982 Y 
C5 St. Finbarrs Cemetery Y Y 1982 Y 
C6 Mahon House Y Y 1982 Y 
C7 Mahon Y Y 1993 N 

Cork County Council CCI Aghada Y Y 1976 Y 
CC2 Little Island Y Y 1976 Y 
CC3 Mallow Y Y 1982 N 

Clare County Council CLl Labasheeda Y Y 1981 Y 
CL2 Ennis Y Y 1982 Y 
CL3 Broadford Y Y 1988 Y 

Donegal County Council DLl Buncrana Y Y 1993 N 
Louth County Council LHl Drogheda Y Y 1975 Y 

LH2 Dundalk Town Hall Y Y 1983 Y 
LH3 Dundalk Sports Centre Y Y 1990 Y 

I 



Table A.1 Smoke and Sulphur Dioxide Monitoring Sites 1993-1994 (continued) 

Monitoring Authority Site Noa Site Name Smoke S02 Commenced Directiveb 

i 

Galway Corporation Gl Public Laboratory Y Y 1975 Y 
G2 City Hall Y Y 1975 Y 
G3 Waterworks Y Y 1991 Y 

Limerick Corporation Lt Southill .Y Y 1980 Y 
L2 Moyross Y Y 1975 Y 
L3 Todds Y Y 1991 Y 

Limeriyk County Council LCI Ballykeeffe Y Y 1988 Y 
Waterford Corporation Wl The Palace Y Y 1974 Y 

W2 Tycor Y Y 1974 Y 
Waterford County Council WDl Dungarvan Y Y 1988 Y 
Wexford County Council WXI Wexford Town Y Y 1982 Y 
Wicklow County Council WWl Bray Y N 1992 N 

WW2 Arklow Y N 1992 N 
Kildare County Council Kl Athy Y Y 1992 N 

K2 Celbridge Y Y 1992 N 
K3 Leixlip Y Y 1992 N 
K4 Naas Y Y 1992 N 
K5 Newbridge Y Y 1992 Y 

Electricity Supply Board El Saleen Y Y 1980· N 
E2 Aghada Upper Y Y 1980 N 
E3 Loughfree Y Y 1980 N 
E4 Marina Y Y 1980 N 
E5 Beaumount NS Y Y 1980 N 
E6 Blackrock Y Y 1980 N 
E7 Clifton House Y Y 1980 N 
E8 Tivoli Y Y 1980 N 
E9 Labasheeda Y Y 1980 N 
EIO Knockerra Y Y 1980 N 
Ell Kildysert Y Y 1980 N 
E12 Knock Y Y 1980 N 
E13 Kilrush . Y Y 1980 N 
E14 Ballyline Y Y 1980 N 
EIS . Kilkee Y Y 1980 N 
E16 Glin Y Y 1980 N 
E17 Moyvane Y Y 1980 N 
E18 Tarbert Y Y 1980 N 
E19 Bally longford Y Y 1980 N 
E21 Mount Trenchard Y Y 1980 N 
E22 Capard Ridge Y Y 1980 N 

a For identification on Figure A.l only. 
b Designated site for the implementation of Directive 801779/EEC. 


