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1RWH This document reflects the opinions the majority of the members of the working group It should not be considered as an official statement of the position of the European Commission Not all experts necessarily share all the views expressed here after The remarks or comments expressed after the last meeting of the group and not agreed during it have not been considered in this final version
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%DFNJURXQG The present Council Directive of July 15,1980 on Air Quality Limit Values and Guide Values for Sulphur Dioxide and Suspended Particulates1 and its amendment2 were adopted to protect human health and the environment against adverse effects from SO2 and Suspended Particulates. For this purpose, the Directive lays down limit values for SO2 and Suspended Particulates which are mandatory over all the territory of the Member States (these limit values are interrelated); in addition, long term guide values are also fixed. Member States are requested to: - establish measuring stations at sites where pollution is thought to be greatest and where the measured concentrations are representative of local conditions; - measure according to specified procedures using reference or equivalent methods; - reduce pollution emissions so that concentrations comply with the limit value and in the long run, achieve the guide values; - inform the Commission about breaches of the limit value(s) and to take abatement measures; The Commission is monitoring the implementation of the Directive with the view of ensuring harmonized practices. The last report of the Commission3 on the implementation of the Directive gives an overview of the information collected since the adoption of the Directive. The Council Directive on the Assessment and Management of Ambient Air Quality4 requires a review of the present Directive on SO2 and Suspended Particulates according to the principles which are laid down in this new Directive (“The framework Directive”). The Framework Directive governs the scope of this present paper (and of the subsequent Directive) which addresses only the potential for sulphur dioxide to cause harmful effects on human health and the environment. Other pollutants sometimes associated with sulphur dioxide, such as suspended particles or pollutants for which sulphur dioxide is a precursor, e.g. acid aerosol and sulfates, will be addressed elsewhere. In particular, the problem of 5 acidification and critical loads will be handled by specific initiative . Likewise, the terms of the Framework Directive preclude consideration of the potential global climatic cooling effects linked to SO2.



1



80/779/EEC, O.J. l229, 30.08.1980, pp. 30-48 89/427/EEC, O.J. L 3 Report from the Commission on the State of Implementation of Ambient Air Quality Directive COM(95) 372 final of 26.07.1995 4 Council Directive 96/.../EEC, OJ L 5 Acidification - Working paper from the staff of the Commission 2
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,QWURGXFWLRQ 6XOSKXUFRPSRXQGVLQWKHDLU At ambient temperature and pressure, sulphur dioxide is a colorless gas consisting of one atom of sulphur and two atoms of oxygen. In the past (late nineteenth century and first half of the present century) sulphur dioxide in combination with sooty particles was responsible for smog episodes in industrial cities. 6RXUFHVVLQNVDQGFKHPLVWU\RI62 Man made sulphur dioxide results from the combustion of sulphur-containing fossil fuels (principally coal and heavy oils) and the smelting of sulphur containing ores Over the past 25 years, there has been a tendency towards declining emissions in most Member States, due to changes in the types or amounts of fuels consumed and emission control measures; in addition and more importantly, the pattern of the sources has changed away from small multiple sources (domestic, commercial, industrial) towards large single sources emitting SO2 from tall stacks. Volcanoes and oceans are the major natural sources of sulphur dioxide. In 1993, these sources were estimated to contribute only around 2 % of the total emissions of sulphur dioxide in the EMEP area6. After being released in the atmosphere, sulphur dioxide is further oxidized to sulfate and sulfuric acid forming an aerosol often associated with other pollutants in droplets or solid particles extending over a wide range of sizes. SO2 and its oxidation products are removed from the atmosphere by wet and dry deposition In spite of these processes of transformation and removal, sulphur dioxide can be transported over large distances, causing transboundary pollution. Nowadays, it is also recognized that sulfate (SO4=) aerosols play an important cooling role in the radiative climate of the earth through the phenomena of sunlight scattering in cloud free air and as cloud condensation nuclei.



6



EMEP-MSC-W Report 1/95
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7UHQGVLQ62HPLVVLRQV Tables hereafter give the inventories of SO2 emissions in the Member States and other countries for different years Table 1.3.1 - 1985 - Europe 12 (CORINAIR 85)7 (Emissions in 1000 t)



B DK F G (w) GR IRL I L NL P SP UK EUR12



Combustion



Refineries



Industrial Combustion



Industrial processes



Road transport



TOTAL



189 241 610 1547 373 79 1186 3 71 86 1699 2949 9032 66%



35 4 224 145 28 1 148 0 82 13 97 121 895 7%



99 61 444 416 81 55 550 5 15 69 263 558 2617 19%



54 16 105 149 18 2 131 8 21 23 63 96 685 5%



16 11 99 59 0 4 76 0 11 7 67 43 395 3%



392 334 1482 2316 500 141 2090 17 200 198 2190 3767 13625



Table 1.3.2 - 1990 - Europe 15 (CORINAIR 90)8 (Emissions in 1000 t) Public power A B DK Fi F G(w) G(e) GR IRL I L NL P Sp Sw UK EUR12 EUR15



7 8



16,8 94,7 134,3 77,9 343,7 199,2 2108,3 329,4 103 767,2 0,2 43,7 174,6 1463,1 14,9 2729,1 6382,2 52% 8600,1 50%



Combustion Industrial Product. Extr./dist. com.,res., comb. processes fossil fuels 19,3 36,6 9,1 15,4 116,2 133,5 459 37,8 30,4 82 0,8 4,1 4,3 97,9 15,7 208 760,7 6% 1270,1 7%



38,9 122,7 27,7 81,1 514,1 444,9 1727,4 26,8 38,7 573,8 12,5 43,3 75,9 478,5 37,7 702,5 3061,4 25% 4946,5 29%



10,6 44,4 3,7 43 110,9 53,9 6,8 50,6 104,9 0,2 73,6 11,1 38 16,9 18,5 509,8 4% 587,1 3%



Solvent use



23,8 20,1



0,1



44 0% 44 0%



0,3



0,3 0% 0,3 0%



Road transport



Other mob.s./m.



6,8 14,2 6,6 3,9 145,3 48,2 26 13,4 5,2 103 0,4 13 13,8 69,4 7 63,1 495,6 4% 539,3 3%



0,3 15,4 5,6 24,6 12 17,6 182,2 0,6 48,2 0,1 16,9 3 17 10,9 65,5 385,8 3% 419,9 2%



Waste treat./disp.



Agric.



0,1 3,6 0,9 0 19,2



2,5



0,9 4,3 0,1 4,8



569,6 1,4



41,8 1,8 74,7 1% 76,6 0%



1,4 0% 1,4 0%



CORINAIR - Inventory of the emissions of SO2, NOx, VOC in the E C in 1985 - EUR 13232 CORINAIR 90 : summary report nr 1 - EEA
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Nature



573 5% 573 3%



TOTAL 92,5 316,5 197,7 226,9 1300,3 911,8 4345,1 641,1 177,9 2253 14,3 201,2 282,7 2205,7 104,9 3786,7 12288,9 17058,3



Figure 1.3.1 : CORINAIR - Map of SO2 emissions Table 1.3.3 - 1990 Emissions of Eastern European countries
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TOTAL (1100 t) 2008,2 1862,7 275,1 905,3 114,6 222,5 3273,1 1311,5 542,1 196,0 10711,1



Bulgaria Czech republic Estonia Hungary Latvia Lithuania Poland Romania Slovak Republic Slovenia Tot East



(DVWHUQHPLVVLRQV6HFWRU&25,1$,5 



Road transp 2% Production process 3%



&RQWULEXWLRQRILQ WRWKH(XURSHDQWRWDO62HPLVVLRQV



Other mob. sources 1%



Croatia, Germany (former East) & Malta 16%



EFTA-5 2%



Industrial comb. 19%



EU-12 44%



Public power 59% Combustion com. /res. 16%



Phare-10 38%



Figure 1.3.2 : Eastern European countries emissions by sector



Figure 1.3.3 : Contribution from different parts of Europe to SO2 emissions
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Table 1.3.4 - 1993 - Europe 15 / National Data (emissions in 1000 t) Public power A B DK Fi F G GR IRL I L NL P Sp Sw UK



Combustion Industrial com.,res., comb.



Product. Extr./distr.. processes fossil fuels



17,7 78.5 104.4 34



16,1 36.9 7.2 7



28,7 95.3 31.6 43



50.8 0.1 2



1653



440



906



0.2 29 184.5 1287



0.8 6 5.1 76.6



2089



201



Solvent use



Road transport



Other mob. Waste s./m. treat. disp.



Agric.



7,7 15.9 1.6 2



0,3 0.4 12.1 2



85



57



15



13.1 72 78.1 493



0.2 29 11.8 58.7



0.5 14 17.4 67.9



0.1 14 3.0 55.2



0.1 4



757



12



59



55



4



34.6 0



2



0



Nature



0,1 3.4 0



0



0



70,6 294.8 157 113 3156



32 10



1.3.2 Trends and perspectives These results confirm the trends in the decrease of SO2 emissions which have been reduced by an average of 20% between 1980 and 1990 in the Member States. The emissions from the Eastern Europe are of the same order as those from EUR-15. They influence ambient sulphur dioxide levels in some Member States as a result of transboundary transport, and are likely to continue to do so in the future. According to the results presented in the report on acidification, the foreseeable SO2 emissions will be reduced between 1990 and 2010 by 60% up to 91% in the European Community (according to the scenario retained) and by 29% up to 86 % in the other European countries. &RQFHQWUDWLRQVRI62LQDPELHQWDLU 1.4.0 Background level Inland SO2 concentrations in remote areas away from any source (anthropogenic or biogenic) range up to 10 µg/m3 when measured on a 24 hour mean basis, but are less than 2 g/m3 when averaged over a year. 1.4.1 EU Data From the report on the implementation of the Directive 80/779/EEC, it appears that the number of exceedances of the limit value (see 2.5 for details of limit values) has substantially decreased over the last ten years: - 42 exceedances of the EU limit values have been reported for the reference period 1983/1984 (10 M-S) - 5 exceedances were reported in 1990/1991 (12 M-S without the East Germany Länder); the inclusion of the new German Länder increase this figure to 26
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TOTAL



14.9 167 299.9 2071 +/- 100 3188



This trend is confirmed by the data collected in the frame of the exchange of information on air quality (Decision 82/479/EEC): the mean of the annual mean concentrations has decreased from 55 g/m3 to 20 µg/m3 between 1978 and 1993. With regard to the 98th percentile of the daily concentrations, the values have decreased from 200 µg/m3 to 60 µg/m3. See figures 1.4.1 and 1.4.2. (YROXWLRQRI62DYHUDJHRIDQQXDOPHDQVEDVHG RQGDLO\YDOXHV (all stations of extended APIS) 60
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Figure 1.4.1
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Figure 1.4.2
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On the basis of the data for the most recent 5 year available period (1988-1992), the current figures for the SO2 levels in the Member States (12 countries, excluding East German Länder) are in the following ranges: 10 - 45 g/m3 for the annual mean 40-140 µg/m3 for the 98th percentile of the daily means No data for short term averaging time period are available from the European legislation 1.4.2 National data The following table gives an overview of the highest concentrations recorded in the Member States in recent years in the most polluted areas, as well as typical 'representative annual means recorded in rural areas Table 1.4.1 - Highest concentrations recorded in the most polluted areas (Concentrations in g/m3)



A B DK Fi F G GR IRL I L NL P Sp Sw UK 1



Annual mean 93 94 10-25 9-30 20-64 20-53 6.6-12 4.6-8.7 3-10 3-10



Urban / Industrial Stations 98 Percentile (24 h) Daily Max 93 94 93 94 96-110 40-80 60-210 54-110 82-488 72-326 82-488 72-326 43-54 29-39 57-60 45-54 17-40 26-75 21-122 41-110



93 290-960 249-1451 124-135 57-292



94 140-640 1 120-1091 128-220 84-300



Rural Stations Annual Mean 93 94 1 2-21 2-19 11-16 10-14 2.0-3.4 1.4-3.0 1.0-2.2



5-115



3-70



10-645



10-303



28-1393



15-457



42-2722



40-1196



3-40



3-32



20-33 11-24



13-30 8-22



55-88 34-80



39-75 25-61



87-133 46-135



67-87 36-87



128-203 85-384



118-158 88-465



30-54



39-53 6-7



73-166



97-175



107-258 39-42



97-175



310-686 71-102



239-810



9-13 4-28 20-109 6 2.7 1-5 11-58



7-10 4-20 17-73 8 3.0



19-63 Half-hourly values



100-231



109-755



Hourly Max



527-1152



These results shows the range of variation of the SO2 concentrations. From one year to the other, these variations are mainly due to climatic conditions: temperature (influencing the emissions) and wind speed and direction, mixing height (strongly influencing the dispersion of pollutants). High SO2 concentrations may be observed at various background stations: these levels are caused by different factors like transboundary transport or the direct influence of local point sources (power plant, industrial installation,...)
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1.4.3 Data from other sources The following figure gives the SO2 concentrations recorded in selected EMEP stations
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Figure 1.4.3 - SO2 concentrations in EMEP Stations (mean over 4 winter months of maximum daily concentrations)
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5LVNDVVHVVPHQW +XPDQKHDOWKHIIHFWVDQGULVNV Sulphur dioxide is an irritant when inhaled and high concentrations may cause breathing difficulties in people exposed to it. People suffering from asthma and chronic lung disease may be especially susceptible to the adverse effects of sulphur dioxide and, within the range of concentrations that occur during the more extreme pollution episodes, it may provoke attacks of asthma. The effects on health of sulphur dioxide concentrations to which we may be exposed in the ambient air have been studied in a number of different ways. 2.1.1 Short term exposure On the basis of the present knowledge, it appears that responses to an exposure to SO2 occur very rapidly (within the first few minutes from commencement of inhalation); continuing the exposure further does not increase the effects. The observed effects of exposure to SO2 include a number of symptoms such as lung function impairment (decrease in FEV1).A wide range of sensitivity has been demonstrated, both among healthy people and among those with asthma, who form the most sensitive group The re-evaluation made by WHO (Europe)9 on this to human health of SO2, concludes among other that: - it is difficult to draw a consistent picture of exposure-response relationship; - the minimum concentration evoking changes in lung function, in exercising asthmatics, is of the order of 400 ppb (1144 g/m3) but there is one example of small changes in airways resistance in two sensitive subjects at 100 ppb (286 J/m3). WHO, on basis of the findings from experimental studies, has recommended a guideline for short term exposure (of 500 J/m3 over 10 minutes)10; however, because relationships between 10 minutes and hourly mean vary according to the nature of local sources, no specific hourly means has been proposed.



9



WHO - European Center for Environment and Health - Update and revision of the WHO Air Quality Guidelines for Europe - Volume 6 Classical - 1996 10 This recommendation includes an uncertainty factor of 2 applied to the lowest observed adverse efffect level
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9DOXH —JP 



 







3RSXODWLRQ$IIHFWHG



$VVRFLDWHGHIIHFWV



Heavy exercising Asthmatics Heavy exercising Normal subjects Resting Asthmatics Heavy exercising Asthmatics Heavy exercising Normal subjects Normal subjects



Some symptoms No change in lung function No change / No response



7\SHRI VWXG\ Chamber



No change / No response Small change in lung function No change / No response Small increase in sRaw



2.1.2 Exposure over 24-hours periods In 1987, on the basis of epidemiological studies where day-to-day changes in mortality, morbidity or lung function related to 24-h average concentrations of SO2 in the presence of particulate matter and other associated pollutants were analyzed, WHO (Europe) has recommended a guideline on a 24-h averaging period; the proposed figure of 125 J/m3 includes an uncertainty factor of 2 applied to the lowestobserved-adverse-effect-level. In the revision of its guidelines, WHO (Europe) has considered the results of more recent studies which have consistently demonstrated effects on mortality and hospital emergency admissions for total respiratory causes at lower levels of exposure. A specific guideline is not recommended by WHO (Europe) at the present stage, but it is believe that the levels will have to be set at a value lower than the 1987 guideline when more results accumulate One recent study11 points to rising cases of asthma with declining SO2 ambient concentrations; time series analysis presented in this study consistently show no association with the timing of asthma attacks, even when peak (hourly maximum) exposures are considered. However a second new study12 indicates that an increase in excess mortality could be linked to changes in SO2 concentrations; it also suggests that effects could appear for daily concentrations below 125 µg/m3. With regard to the latter, only the results from individual studies are currrently available; the 'meta-analysis' which is needed to confirm and precise these results is not ready. It has therefore not been possible to take these results into account in this paper.



11



Committee on the Medical Effects of Air Pollutants “Asthma and outdoor Air Pollution” London HMSO 1995, p. 146 12 APHEA Project
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2.1.3 Long-term exposure In 1987 WHO (Europe) has also set a guideline value as an annual average of 50 µg/m3 to protect against long-term effects of SO2 on health (this value derived along the same methods as for the 24-h exposure) also include an uncertainty factor of 2. On the same basis as for the 24 h, WHO (Europe) is of the opinion that no specific guideline can be recommended at this stage, but it is believed that the guideline level has to be set at a value lower than 50 µg/m3 for annual exposure. (QYLURQPHQWHIIHFWVDQGULVNV 2.2.1 Effects SO2 directly affects vegetation by uptake through parts of the plants that are above the ground; the direct effects on leaves are mainly determined by air concentrations. Depending on the amount of SO2 taken up per unit of time, various kind of biochemical and physiological effects take place in the plant tissue; these include the degradation of chlorophyll, reduced photosynthesis, raised respiration rates, and changes in protein metabolism. The lower plants such as lichens and mosses, due to their structure have a particular sensitivity to SO2. The decisive factors in the action of SO2 on plants are existing stresses on the plant, the concentration of SO2, the duration of exposure, and the frequency and sequence of impact; within certain ranges of concentration and for a given dose (concentration times exposure duration), the extend of foliar injury increases with increasing concentration. The significance of very low concentrations of SO2 on growth and yield, and on changing plant sensitivity to other environmental stresses is now also recognized Some plants can also recover in pollution-free periods if the duration of exposure to injuring concentrations is not too long and if the pollution-free period is sufficiently long. Individual species and varieties, and individuals within a population, react with different degrees of sensitivity to stress resulting from air pollution Sulfur is also an essential plant nutrient. In certain areas, where soils are deficient in sulfur (mainly calcareous-based on chalk and limestone), atmospheric sulfur may be taken up by leaves of some species and help contributing to the plant vitality But uptake is low and therefore not relevant to the setting of limit values. Due to falling emissions of SO2 in many areas in Europe and to the recognition of O3 and nitrogen compounds as being of much greater significance with regard to plant injury, the relative importance of SO2 as a phytotoxic pollutant has diminished to a certain extent. Nevertheless SO2 can locally play a role in vegetation damage, especially in combination with other pollutants. The results of field observations and fumigation experiments have been used to determine quantitative dose-response relationship between SO2 concentrations and
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the effects on both annual and perennial plants and to derive guidelines accordingly. These guidelines are generally defined as annual and/or winter means WHO no longer advocates using a 24 h guide value in their update of the Air Quality Guidelines in view of evidence confirming that peak concentrations are not significant compared with accumulated dose. $QQXDODQGZLQWHUPHDQYDOXH—JP    



7DUJHW$IIHFWHG Crops Forests / Nat. Veget. Sensitive forests / Nat. Veget. Lichens



2.2.2 Exposure - National data Austria 9DOXH —JP      Netherlands 9DOXH—JP 



7LPHSHULRG Year Winter Year Winter Year Winter Year Winter Year Winter



6XUIDFHRIHFRV\VWHPVH[SRVHGWRFRQFHQWU DERYHWKHYDOXHV 0 0 0 4% 0 15 % 1% 35 % 15 % 45 %



7LPHSHULRG



6XUIDFHRIHFRV\VWHPVNP H[SRVHGWR FRQFHQWUDERYHWKHYDOXHV  Year 0; 0; 0; 0; 0; 0; 0  Winter 0; 0; 0; 0; 0; 0; 0 Year 0; 0; 0; 0; 0; 0; 0  Winter 50; 0; 0; 0; 0; 0; 0 Year 930; 1100; 230; 75; 0; 0;  Winter 4600; 3200; 2100; 130; 0; -; Year 4900; 6100; 3600; 2700; 0; 0; Winter 11500; 8700; 6300; 2700;0;-; Year 15600; 19600; 12000; 8700; 6600; 4200; 1200  Winter 33000; 18600; 17600; 14000; 6800; -; (IIHFWVRQPDWHULDOVDQGFXOWXUDOKHULWDJH Deterioration of materials and objects of cultural heritage is a process which occurs at a rate which is determined by meteorological parameters such as
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relative humidity, temperature and precipitation, and by air pollutants. Since the time of wetness and temperature exhibit only small variations in the temperate climatic zone, the concentration of atmospheric pollutants is often the dominant variable affecting the rate of corrosion. Among the anthropogenic air pollutants, SO2 can be considered as the most important in deterioration of several materials. Many materials are affected; among them, e.g. stones used in historic and cultural monuments, which have resisted atmospheric attacks for hundreds or even thousands of years. But during recent decades, an accelerated degradation of their surface has been observed in many parts of Europe There are several ways how SO2 emissions can contribute to corrosion of materials: it deposits readily on surfaces and is then subsequently converted to sulfates; in ambient air, SO2 is also partly converted to sulfate particulates which may be deposited on surfaces and can also cause corrosion. Both SO2 and sulfate particulates may also dissolve in rain droplets and increase the acidity of precipitations thus enhancing the phenomena of corrosion. The decisive effect of SO2 on corrosion of several materials like metals, calcareous stones, or stained medieval glass windows has been shown in several laboratory and field exposures. In the last years, however, a synergistic corrosive effect of SO2 and NO2 and later of SO2 and O3 has been discovered first in laboratory exposure; this has been confirmed later on by field exposure studies. They enhance the corrosive effect of SO2 by promoting its oxidation to sulphate. This underlines the necessity to treat the deterioration of materials taking into account the interrelated role of SO2, NO2 and O3 in a multi-pollutant situation During the last decades, several field exposure programs have greatly contributed to enhancement of the present state of knowledge on the effects of acidifying air pollutants on materials. Field studies have shown that the dry deposition has, in most cases, the dominating effect and that SO2 exerts the strongest corrosive effect both in unsheltered end sheltered exposure. The effect of wet deposition is demonstrated only for unsheltered exposure. In practical and economic terms, the corrosion due to SO2 is closely tied to densely populated areas. Here, three conditions coincide: a high content of atmospheric pollutants, a high population density and a large use of materials. The corrosion rate decreases in general rapidly with increasing distance from the source of emission. In many regions, atmospheric corrosion is therefore a local effect. In certain densely populated regions such as Western or Central Europe,, an important part of corrosion damage can also be caused by the transport of pollutants over national borders From a trend analysis undertaken in the frame the UN-ECE ICP, it appears that at numerous sites where the SO2 levels have decreased between 1987 and 1992,,a pronounced decrease has been found in the corrosion rates. Based on the findings of various studies, experts are recommending the following guidelines:
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$QQXDOPHDQ—JP  



7\SHRIPDWHULDO Zinc, weathering steel Bronze, limestone, sandstone



:+2JXLGHOLQHVIRUPD[LPXPFRQFHQWUDWLRQVRI62LQDPELHQWDLU 2.4.1 Health - Long term exposure: - Daily exposure: - Short period exposure:



< 50 µg/m3 < 125 µg/m3 500 µg/m3



Annual mean 24 h 10 minutes



2.4.2 Ecosystems - Crops: 30 µg/m3 Annual mean + Winter mean - Forests / Nat. veget. 20 µg/m3 Annual mean + Winter mean - Forests / Nat. veget. 15 µg/m3 Annual mean + Winter mean (for areas where the accumulated temperature sum above + 5°C is less than 1000° days per year - Lichens 10 g/m3 Annual mean :+2JXLGHOLQHVYHUVXV62FRQFHQWUDWLRQV 2.5.1 Long-term exposure (XURSHDQVFDOH On the request of DG XI, the WHO/ECEH in collaboration with the EEA TC on Air Quality has prepared an assessment of population exposure to sulphur dioxide and its health impacts in the EU countries. In line with the exposure assessments carried out for other reports, only the exposure of the urban population has been estimated; an urban area being defined as a settlement (administrative area) with more than 50,000 inhabitants. The analysis is base on data available for the most recent year from 1989 onwards.



Annual concentrations The cumulative distribution of the population by annual mean concentrations of SO2 is given in figure 2.5.1 . Approximately a quarter of the urban population of the EU living in 10 % of the towns are exposed to values exceeding the WHO guideline for long term exposure to SO2 (50 g/m3)
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Figure 2.5.1 - Cumulative distribution of population by annual mean concentration of SO2



Daily concentrations In almost one third of the towns (20) for which daily concentrations are available, SO2 levels above 125 g/m3 have been measured at least once during the relevant year. This would imply that almost half (46%) of population living in the towns covered by the Exchange of Information would be exposed to high levels of SO2 for at least one day in a year When considering a threshold value of 250 µg/m3, on fifth of the population living in 10 % of the towns would be exposed to high levels of SO2 at least once a year. In figure 2.5.2, the distribution of the population exposed to daily values is expressed as a percentage of person-days A summary of the exposure data is presented in table 2.5.1 .
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Figure 2.5.2 - Distribution of the population exposed to daily values



Table 2.5.1: Exposure in European cities Statistic



Annual average



24 hour average



Threshold



Towns



Population



Person-days (for towns with daily data available) Number %



< 50



Number 81



% 90



Number 52304055



% 76



50 - 100 > 100



8 1



9 1



16118638 511000



23 1



Total < 125



90 45



100



68933693 17937041



100 50



15507867785



97.9



125 - 250 > 250



14 7



11786892 6373154



33 17



297178599 41567802



1.9 0.2



Total



66



36097087



100



15846614186



100



100



On the basis of the information available in the APIS data base, the following information is available: (the figures are for the  countries which have reported on SO2 concentrations in the context of the exchange of information)
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RIVWDWLRQVH[FHHGLQJ—JPGDLO\YDOXHV 



3HUFHQWDJH



100 80 60 40 20 0 1988



1989



1990



1991
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1993



Based on continuous measurements (at least one site per x% zone), may be supplemented by modelling 2. Where levels > Combination of continuous measurement (at least one site y% per zone) and modelling allowed 3a. Where levels < At least one continuous measuring site per agglomeration, y%, in combined with modelling, objective estimation, indicative agglomerations measurements 3b. Where levels < Modelling, objective estimation, indicative measurements y%, in nonagglomeration zones
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3.2.4 Assessment in space and time *HQHUDO This section first provides a general background on the temporal and spatial framework. After the general introduction, the temporal and spatial aspects of the assessment will be discussed in detail and specifications will be proposed. Because the definition of limit values in time and space is essential for the assessment strategy, it will be revisited and elaborated here. 'LIIHUHQFHEHWZHHQWLPHDQGVSDFHUHSUHVHQWDWLYHQHVV Concentrations vary in time and in space. The most important goal of the assessment is to provide a description of the FRQFHQWUDWLRQGLVWULEXWLRQLQWLPHDQGVSDFH, as complete and accurate as possible. Although time and space have in principle various aspects in common (see Table 3.2.2 below), a monitoring network deals very differently with time and space: stations usually measure at all times, but at very few places. In particular, the problem of UHSUHVHQWDWLYHQHVVof concentrations measured at a certain point is predominant for space, but hardly for time. $FRPPRQIUDPHZRUNIRUPHDVXULQJDQGPRGHOOLQJ In spite of their limited possibilities to measure the concentration distribution in space, monitoring networks are commonly used to characterize the pollution over the entire territory. The network results can provide a general picture of the pollution levels when a good measuring strategy is applied: by choosing representative sites the measuring results for a few spots can be used for the rest of the territory. 0DFURVFDOHVLWLQJFULWHULD attempt to distribute stations over locations that are representative for large areas and PLFURVFDOH VLWLQJFULWHULD attempt to ensure that extremely small-scale variations are avoided. Although these criteria have a clear spatial implication, they can not always be translated in the form of mapping information that is given by mathematical models. In the following a general framework is proposed that can serve as a common operational concept for measuring and modelling. It will be used to define the assessment in time and space. It is remarked that this framework is not expected to significantly affect the current practice of measuring or modelling. 7ZRW\SHVRIVSDWLDOFRYHUDJH Before specifying the framework for assessment in time and space, it should be noted that the Framework Directive gives several reasons to assess the concentration distribution. In view of the purposes of the assessment (section 3.2.1), two types of spatial coverage should be distinguished, which are to be followed in parallel: a) focusing on the areas within the zones where the highest concentrations occur for compliance analysis: are limit values or alert values exceeded?; b) addressing the levels in the other areas within the zones for other air quality management purposes (e.g. for assessing the total exposure of the general population, or for trend analysis). Siting criteria for these two types of stations are difficult to reconcile: the first type of stations should be sited at KRWVSRWV, the second type are typically sited to monitor the
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urban and rural EDFNJURXQG13 levels. Therefore the two types should be distinguished in the development of an assessment strategy. 6SHFLILFDWLRQLQWLPHDQGVSDFHRIDLUTXDOLW\SDUDPHWHUVWREHDVVHVVHG It is not sufficient to generate a picture of the concentrations in time and space that is complete, detailed and accurate as possible, one also needs to define the parameters of the concentrations (limit values, alert values or other parameters for air quality management purposes) that are to be assessed. Each of these must have its own temporal and spatial characteristics, which can be expressed in analogous terms: . The area/period over which compliance will be judged; . The area/period over which the limit value/alert value should be applied; . The time/space over which one should average before comparing the concentration to the limit value/alert value; . The statistical parameter of the concentration distribution that is used for comparison with the limit value/alert value. Table 3.2.2 elaborates this for time and space. In a background document this will be discussed in more detail.



13



The term background level refers to the level in a relatively large area, excluding local peaks. Levels in city parks are typical urban background levels, levels that are not more than usually affected by sources within many kilometres are rural background levels.
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Table 3.2.2 Summary of the characteristics of the concentration distribution in time and space that have to be assessed &KDUDFWHULVWLF 3HULRGDUHDRYHUZKLFK FRPSOLDQFHZLOOEH MXGJHG 3HULRGDUHDRYHUZKLFK /9VKRXOGEHDSSOLHG 7LPHVSDFHRYHUZKLFK RQHVKRXOGDYHUDJH EHIRUHFRPSDULQJWKH FRQFHQWUDWLRQWRWKH /9$9 6WDWLVWLFDOSDUDPHWHURI WKHFRQFHQWUDWLRQ GLVWULEXWLRQ



Characteristic applied to WLPH Reference period. For LVs this period usually is a (calendar) year. For AVs it is of the order of hours.



Characteristic applied to VSDFH Reference area. In the Framework Directive this is the zone.



Application period. Depends on when the targets are sensitive. For human health normally the entire year; for ecosystems it can be the period when plants are sensitive, e.g. the winter period. Averaging time. Depends on the time in which the adverse effect builds up (also on operational convenience). For health often an hour, a day or the year is taken.



Application area. Depends on where the targets are. E.g. an ecoLV may apply only in rural areas.



Ideally the maximum value in the reference period is taken, but for practical reasons a number of exceedances (percentile) is often allowed. For an averaging time of one year there is only one value.
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Averaging area. The averaging area is often not explicitly addressed in the definition of a LV. Instead, it is implicitly dealt with by prescribing siting criteria for monitoring stations, on the basis of a (often vague) notion of the area that the station should cover. A monitoring station is usually not located exactly at the square meter where the highest concentrations are expected, but at a location that is thought to be representative of a (somewhat) larger area. Usually the maximum value in the reference area is taken. (In UNECE protocols, however, the 95-percentile of each 150 km area is taken.)



In the following these general notions will be elaborated on the basis of separate discussions of the aspects time and space. 7LPH Four different temporal aspects will be discussed: A. The reference period B. The application period C. The averaging times and statistical parameters D. The development over time of the assessment procedure $7KHUHIHUHQFHSHULRG The period for judging compliance period is part of the limit value: one calendar year. However, the winter period for the Eco limit value will be taken as a contiguous period, starting in October of the preceding year. %7KHDSSOLFDWLRQSHULRG The Health limit values apply during the entire year. The Eco limit value applies (1) to the entire year and (2) to the winter half year. &7KHDYHUDJLQJWLPHVDQGVWDWLVWLFDOSDUDPHWHUV The definitions of the limit and alert values explicitly state the statistical parameters and averaging times of the concentrations to be assessed for judging compliance (see Table 3.2.3). In addition to these, other averaging times and statistics can be necessary for the purpose of air quality management (AQM): for reasons of continuity (trend analysis; current practice in assessments) the maximum of hourly averages has been added. Table 3.2.3 gives a summary. Table 3.2.3 Averaging times and statistical parameters to be assessed $YHUDJLQJWLPH 6WDWLVWLFV 3XUSRVH * 1 hour 24 exceedances per year allowed Health limit value, AQM 24 hour 3 exceedances per year allowed ** Health limit value, AQM Winter half year Eco limit value, AQM Year Eco limit value, AQM 1 hour 3 consecutive hours Alert value, AQM 1 hour Maximum AQM 10 minutes*** Relation to hourly averages AQM * ** ***



Equivalent to the 99.7-percentile Equivalent to the 99-percentile At some stations only '7KHGHYHORSPHQWRYHUWLPHRIWKHDVVHVVPHQWSURFHGXUH Four aspects of changes in time of the assessment procedure are distinguished: (1) the preliminary assessment, to be executed before definitely establishing the assessment methodology in an area,
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(2) the revisions of the assessment regime, (3) the period when the temporary margin of tolerance for the limit value applies and (4) the continuity aspect for trend analysis. 1. Preliminary assessment Before the assessment system to be used in an area can be definitively established, a preliminary assessment of the air quality situation in the Member States is required. This assessment should identify the areas where the concentrations are above x% and y% of the limit value and should also give information for air quality management purposes. If historic data are available, this assessment should be based on the situation in the last five years. A description of the initial assessment will be given in a guidance document that will be written by the EEA/TCAP, JRC and the European Commission. 2. Revisions of the assessment regime When the assessment regime needed in a certain area has been determined on the basis of the preliminary assessment, the assessment system will be set up. However, the assessment regime, which depends on whether the limit values are in danger of being exceeded, may change due to long-term trends in the concentrations. A period of one year would be too short to judge this; even statistics for long time periods like a year fluctuate due to annual meteorological variations. Consequently, in areas where the levels are normally somewhat below the limit value, the levels may fluctuate to values above it in an unfavorable year. The introduction of the factor x (see below) attempts to avoid that in situations where the limit values are in danger to be exceeded, less stringent assessment requirements would enter into force after a year when no exceedances happened to occur. If the assessment regime would yearly be fixed by exceedances of x% of the limit value in the previous year, it would also fluctuate from year to year. The same applies to assessment regimes based on exceedance of y% of the limit value. To avoid the assessment requirements to change on a yearly basis, a period of five year for revision the assessment regime is proposed. The assessment regime will be based on the median value of the five annual exceedance rates: if three or more years were in exceedance the assessment regime will be based on exceedance, if only less than three years were in exceedance the assessment regime will be based on no exceedance. The numerical values for x and y will be discussed in section 3.2.5. In case the levels undergo a rapid and structural change, e.g. due to the introduction of important sources, an additional half-term assessment is needed to determine whether the assessment system should be adapted to the new assessment needs. 3. Temporary margin of tolerance When the Directive enters into force, a margin of tolerance will be introduced. During this period the values x and y will be taken as percentages of the limit value excluding the temporary margin (see also Figure 3.2.1). Since the assessment regimes are not linked to the temporary margin, the temporary margin will not affect the assessment procedures. 4. Continuity
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For trend analysis purposes it is important that stations remain in operation for a long period. This should be an important consideration in revising and optimizing a network. 6SDFH The following spatial aspects will be discussed: A. B.



Zones Areas B.1 B.2 B.3



High concentration areas Averaging areas Areas where to apply the limit value/alert value



$=21(6 Each Member State must divide its territory into zones and specify the borders of each zone. Zones serve to judge compliance; two types of zones exist: - Zones in which no areas exist where a limit value is exceeded; these zones are LQ FRPSOLDQFH with the Directive. - Zones in which areas exist where of one or more of the limit values are exceeded; these zones are QRWLQFRPSOLDQFH with the Directive, and the MS are obliged to take specified air quality management actions (analysis, reporting, abatement). The Framework Directive also attaches to zones a function in the prescription of the assessment method. For that purpose, two types of zone are distinguished: - "Agglomerations": zones with more than 250 000 inhabitants or zones with less than 250000 inhabitants but where the population density justifies, for the Member State, the need for air quality assessment and management; - Other zones. For practical reasons, non-contiguous built-up areas that are smaller than agglomerations may be gathered to constitute together one larger zone. %$5($6 %+LJKFRQFHQWUDWLRQDUHDV The exceedance areas, i.e. areas where the concentrations exceed the limit value, and high concentration areas, i.e. areas where x% of it or y% of it, are of special interest, since they have a status different from other parts of the zone. Areas where a limit value is exceeded will be the focus of air quality management. High concentration areas need to be assessed more intensively than the other parts of the zones. A high concentration area may be much smaller than the zone to which it belongs, but may also cover the entire zone (and extend beyond it). Section 3.3 discusses how these areas relate to the various assessment regimes. %$YHUDJLQJDUHDV It is not always reasonable to demand that the concentration on every square meter is below the limit value. Not only would this give practical assessment problems, but, even more importantly, there are fundamental reasons to judge compliance not on an extremely small spatial scale. The situation is different for limit values for health, limit values for ecosystems, the guidelines for materials and the alert value.
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. Health limit values For health, there are no clear rules concerning the minimum area size that is relevant for human exposure. Walking people can move over a considerable distance in the time that is needed for effects to build up: in case of the short term SO2 effect time of 10 minutes the walking distance is a kilometer. On the other hand, people who live at a location of high concentration may spend most of the year within an area of a few square meters. Although they will typically spend less time outdoors than indoors (where SO2 levels are lowered by deposition onto walls), there may be prolonged periods, e.g. warm episodes, during which they remain in their garden or have doors and windows wide open. . Eco limit values For ecosystems the exposure situation is quite different. A plant is fixed to its own square meter and is always outdoors. The general purpose of limit values for ecosystems is however, in contrast to the situation for human beings, not to protect individual plants, but to protect ecosystems as a whole, which means that not every square meter could be fully protected. In the critical load approach taken in the framework of the Convention on Long Range Transboundary Air Pollution the emission reduction protocols are now based on a protection of 95% of the surface in each 150x150 km2 grid cell. Such a statistical criterion can not be applied in a straightforward way to the assessment of results of a monitoring network, since a very large number of stations would be required to derive a statistical quantity of that type. . Materials guideline Like vegetation, materials are usually fixed to a location. In contrast to the limit value for vegetation, a guideline for materials would aim at the protection of individual targets (monuments and other objects of cultural heritage). So, smallscale areas where the long-term average concentration is high are relevant. . Alert value For alert values one can argue that only exceedances over a considerable area justify alerting the general population. In the reduction strategy during ozone episodes in Germany short-term actions are only taken when the threshold value is exceeded over an extended area covered by at least three stations. This does not mean that in case of small-scale exceedance of the concentration of the alert value no local short-time actions would be needed. To take these considerations into account, averaging areas for the various limit and alert values will be defined. It is remarked that this would allow a part of the averaging area to have concentrations above those specified in the limit values/alert value. This approach would lead to a set of averaging areas which depend on the limit value/alert value. Such a set could be quite practical when judging compliance on the basis of a detailed map of the concentration distribution. Model calculations or combinations of monitoring data and other assessment methods have the potential to provide such maps. However, for the choice of the location of a monitoring station
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for compliance analysis, the approach of defining averaging areas per individual limit value would give problems, since a single station cannot represent the average over all the different surrounding averaging areas belonging to the various limit/alert values. Again, a practical choice has to be made. It is proposed to set two different averaging areas: one for judging compliance with the health limit value and, if appropriate, the limit value for materials and one for the Eco limit value. For siting monitoring stations this is a practical option, since when stations are set up for compliance analysis it will often be known whether the Health limit value (or materials limit value) or the Eco limit value is in danger of being exceeded. . Averaging area for Health limit value (and Materials if appropriate) In order to protect the population it is proposed to set the averaging area for the Health limit values not too large. An averaging area of 10 000 m2 is proposed for compliance analysis. In terms of monitoring siting, this means that the station should not be sited to measure local peaks with a spatial extent smaller than 100 m. This spatial extent seems also reasonable for the protection of cultural heritage. . Averaging area for Eco limit value In rural areas where the levels are below the Health limit value, the Eco limit value can be approached or exceeded. Since this limit value should be not be applied to small areas, it is proposed to use an averaging area of 1000 km2. This means that the station should not be sited to measure local peaks with a spatial extent smaller than 30 km. . Averaging area for alert values Also for the alert value an averaging area could be proposed. However, it is preferred to relate the spatial extent of the alert value to the exposure of the population than to a specified spatial extent. In Section 2.8.2 it was stated that it should only pertain to cases when a significant number of the population is exposed. So, in densely populated areas a smaller area would be sufficient to inform the population than in a sparsely populated area. The spatial extent is not further specified here. Table 3.2.4 summarizes the averaging areas.
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Table 3.2.4 Averaging areas per type of limit value and guideline Threshold value Averaging area Health limit value, Materials 10 000 m2 guideline (if appropriate) Ecosystems limit value 1000 km2 † †



This does not protect smaller valuable ecosystems. It is the responsibility of the Member State to protect those ecosystems (see also section 2.7). $YHUDJLQJDUHDVLQPHDVXULQJDQGPRGHOOLQJ The approach described above will be elaborated in section 3.3 and 3.4.1 on measuring and other assessment methods respectively. It is useful to relate the concept of averaging area here to the practice of modelling and measuring. For modelling, the averaging area should (in the ideal case) be equal to the model resolution used for compliance analysis: variations within the averaging area should not be resolved, while peaks of the size of the averaging area should not be smoothed or averaged over larger grid areas. For measurements, the averaging area defines the micro-siting of stations: stations should not measure micro-scale peaks within the averaging area, but one should attempt to site stations so that they, as far as possible, measure the average concentration over an area (approximately) as large as the averaging area. In practice, the concept of averaging area should be applied in a flexible way. For measuring the concept can be regarded as a quantitative way of expressing that a station should not be too close to a source. The exact siting of stations is usually subject to many practical limitations, and the micro-scale concentration distribution is often not known well. $YHUDJLQJDUHDYHUVXVUHSUHVHQWDWLYHQHVV In measuring strategy the averaging area is not clearly distinguished from areas for which a station is representative. The averaging area, being the minimum size that one should consider in compliance analysis, is, however, usually much smaller than the area of representativeness of a station. For example, the averaging area around a street station is a limited area around the station, while this station (more precisely: this averaging area) can be representative for many other streets. %$SSOLFDWLRQDUHDV The application area depends on the various limit and alert values. . Health and alert values People can be present at virtually all types of locations within the territory of Member States. Consequently, the limit values for health protection and alert values should apply to the whole territory of Member States. . Limit values for the environment/ecosystem Of the possible limit values for ecosystems, the most generally applicable value, pertaining to ecosystems that are widely present in the Community, was chosen in chapter 2. It should apply in every region in the EU outside built-up areas. Some
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Member States have ecosystems within their borders that are not protected by this general limit value; it will be the task of the Member States to maintain the air quality at levels that are sufficiently low to protect these ecosystems (see Chapter 2). . Transition area Since the concentrations will not drop steeply beyond the border of a built-up area there will usually be an area around (continuously) built-up areas where the concentrations gradually decrease from urban to rural levels. The limit value for ecosystems is effectively more stringent than the limit values for health. When the Eco limit value would be rigorously applied directly beyond the border of every built-up area, exceedance would be difficult to prevent in the areas around it when the urban air quality would be just below the health limit values. Because of this, it is proposed to allow Member States to define around agglomerations and other built-up areas WUDQVLWLRQDUHDV to which the Eco limit value will not apply. The maximum size of the transition area is defined as follows. All locations within a given distance from the border of a built-up area can be part of the transition area. This given distance is equal to 3 x the distance between the center of the built-up area and the border (more precisely: between the center of the built-up area and the point of the border that is closest to the location considered). In summary, it is proposed that the limit value for HQYLURQPHQWprotection should apply everywhere in the EU, except in the agglomerations and other built-up areas and their transition areas. . Limit value for cultural heritage The target of a limit level for materials is the cultural heritage, such as historical buildings and monuments; it is not necessary to extend the area of application beyond the locations where these objects actually are present, and since the objects are fixed to their place, it is proposed to restrict the area of application to the area covered by sensitive objects of cultural heritage. It will be the task of the MS to designate the objects that need protection, either as categories or individually. 3.2.5 Factors x and y )DFWRU[ Due to meteorological variations the concentrations parameters that are used for the assessment fluctuate from year to year. In situations where the concentrations are near the limit value, the concentrations may randomly vary above and below the limit value. With the goal of achieving a high level of protection, the Framework Directive requires the same level of assessment effort in areas in danger of exceeding the limit value as it does for those areas which are in exceedance. These areas in danger of exceeding the limit value are defined as being above x% of the limit value, where x is less than 100. If this criterion would be applied on an annual basis, the assessment requirements, including those for monitoring, could change from year to year. To stabilize this criterion, a period of five years was proposed in section 3.2.4; to judge whether the concentrations are above x or y%, the median value of the exceedance rates of five years would be taken. Exceedance of x% should be judged similar to
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exceedance of the limit value: the number of exceedances allowed in the limit value also applies to the x% threshold. The factor x will be chosen on the basis of the inter-annual variation of the concentrations. If (in three out of five years) the concentrations are above x% of the limit value, the most stringent assessment regime applies. If these concentrations are below x% of the limit value, the Framework Directive relaxes the obligations regarding the assessment system somewhat. The accuracy of this less stringent assessment methodology should be sufficient to make it reasonably certain that the concentrations found near x% of the limit value will in reality not be above the limit value. The inter-annual variation depends on the averaging time and the statistical robustness of the concentration parameter concerned. Shorter averaging tends to increase the variability; higher percentiles (particularly the highest one, i.e. the maximum) fluctuate more than lower percentiles. The same applies to the accuracy of the assessment methods: concentrations based on shorter averaging time and higher percentiles tend to be more sensitive to (measuring or modelling) errors. Consequently, the optimal value for x depends on the concentration parameters used in the various limit values. The Framework Directive does not explicitly state whether the assessment method in a certain area can be different for the various limit values, depending on their exceedances, or should be the same for all limit values. Since it would be impractical to have many different assessment regimes per limit value in a single area, it is proposed to have two assessment regimes per area, one for the Health limit values (and Materials limit value if appropriate) and one for the Eco limit value. This differentiation between requirements for the two types of limit value avoids that a strict assessment regime would be demanded in rural areas when only the Eco limit value would be in danger of being exceeded. A second question is how these two assessment regimes should relate to the various limit values. Two choices could be made. The "above x%" assessment regime could be made obligatory when x% of DQ\of the limit values is exceeded, or one could link the assessment regime to a single one of the limit values that it is associated with. An obvious advantage of the first choice is that it gives more certainty that the most accurate assessment regime applies if any limit value is in danger of exceedance. On the other hand, one should realize that the short term Health limit value has a large inter-annual variation and so the x value would have to be relatively low, requiring a large monitoring effort. The gain of such increased monitoring work would in terms of accuracy be rather low for the short term levels. For local peaks the accuracy of measured short term exceedances around local sources is typically low because of the representativeness problem. For exceedances of the short term limit value due to long-range transport one does not need an elaborate assessment methodology. Therefore it is proposed to use only one limit value for the determination of the assessment regime for the Health limit value. The 24-hour mean value is regarded as the most suitable one, because it lies between the annual average and the short term value. For the Eco limit value, which would apply to relatively large averaging areas, where small-scale peaks are not very important, the
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winter mean is usually the strictest value. So, the winter mean limit value is proposed for the determination of the associated assessment regime. In the above approach it is accepted that a relatively mild assessment regime (corresponding to 50 µg/m3 (WHO human health maximum exposure guideline for long term exposure in ambient air). Also, it has been estimated that possibly half of the urban population is exposed 3 to levels of SO2 >125 µg/m daily concentration(the proposed WHO guideline for 24 hours) at least once a year. For the short term guideline of 500 µg/m3 an exposure estimate could not be made. Similar evaluations have been made for ecosystems exposed to levels above the WHO guidelines. The values proposed in section 2.8 for consideration as starting points for health limit values relate to the daily and short term averages, mentioned above, but are differently defined (exceedances are allowed). In addition, the cost implications should be considered for a range of limit values. In chapter 1, the main sources for SO2 emissions have been indicated. On a national and on EU scale the contribution from stationary combustion is predominant. In 1990 over 80% of total SO2 emission came from stationary combustion, especially, from large combustion plants for public and industrial power generation. In general, emission from Large Combustion Plants (LCP) does not strongly affect the local ambient air quality, but the air quality at large distance from the combustion site. Residential/institutional combustion processes emit about 6-7% of total SO2 emission and are closely connected to urban increases of SO2 levels. Also, road transport, contributing about 2-3% of total emission is by enlarge confined to urban areas. Emissions related to industrial processes only represent some 3-5% of total SO2 emission, but can have a very strong local impact on air quality in an industrial area. In general terms, three types of areas can be considered regarding the relation between SO2 emission and SO2 air concentration, namely, rural, urban and industrial areas. The air concentration in rural areas will be mainly determined by emissions from distant Large Combustion Plants, due to long-range transportation processes. Of course, the variation in air concentration between several rural sites can be quite large, as illustrated by concentration data in chapter 1, depending on the input from distant sources. Urban area air quality will also be determined by emission from distant sources, but the levels will have, in addition to the rural background, contributions due to urban related activities, in particular residential combustion and traffic.
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‘Economic evaluation of air quality targets for sulphur dioxide, nitogen dioxide, fine and suspended particle matter and lead’
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The air quality in industrial areas is determined by the rural background, a possible urban contribution and by locally important industrial activities in particular industrial processes such as ore melting processes. The following table summarizes the three area types and the interaction between SO2 air quality and source contribution. Of course, a natural source like volcano eruption will have a large impact on air quality, but is not considered here because of its incidental character. $UHDW\SH 5XUDO 8UEDQ ,QGXVWULDO



6RXUFHVGHWHUPLQLQJDLUTXDOLW\ Large Combustion Plants (LCP’s) See rural + Residential combustion, Traffic See rural and urban + Industrial processes



The source groups not only differ in emission rate but also in temporal emission characteristics. Large stationary combustion, in general, is more or less a constant activity over the year, showing only some variation between winter and summer period. Clear exceptions are District Heating Plants and fossil fuel fired power plants for additional power generation in the winter period - additional to nuclear or hydro power generated plants. Residential combustion for heating exhibits clear seasonal variation, but also over the week and the day, while traffic shows a distinct variation over the week and the day as well. Industrial processes tend to be more or less constant over the year, except for organised holiday periods. However, emission peaks can occur at any moment, e.g in case of limited good-housekeeping practice. In summary, when considering costs necessary to reach limit values for health and ecosystem protection as under consideration for EU one has to be careful not to limit the assessment to averages over time and/or space, but also to consider averages over shorter times and areas, among which are higher values than the averages. For long-term averages and large-area averages much work has been done already in the framework of the Second Sulphur Protocol. In space, residential combustion and industrial processes are probably the most important causes of relatively small-scale peaks in urban and industrial areas respectively. In time, emission peaks may lead to higher peaks than would be expected on the basis of unfavourable dispersion alone. 



5HGXFWLRQRIDPELHQW62DLUFRQFHQWUDWLRQV



As the SO2 emission is for the largest part related to fuel combustion processes it is important to consider possible reductions in relation to energy demand, type of fuel consumed and improvement of abatement techniques. Options for reductions of the emissions from large combustion plants are applying Best Available Technology - a clear distinction should be made between BAT for existing plants and BAT for new ones- and changing from hard and brown coal fired to natural gas fired installations. Also the change from fossil fuel combustion for power generation to other power sources will reduce the SO2 emission. For reductions of rural exceedances large combustion plants are probably the most important source category.
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For residential combustion, which can be associated with exceedances at the urban level (not due to rural background levels) changes in fuel type used, decreases of energy demand for heating by applying energy saving building techniques, and applying block heating could reduce SO2 emission considerably. The extent to which emission on a local/urban scale could be reduced varies strongly over the EU region. For process industry, emission reduction could be achieved by applying Best Available Technology and by improvement of good housekeeping practice. Such reductions should be considered for exceedances in industrial areas (if not due to rural background levels). It is clear that large scale reduction of emission from large combustion plants will decrease exceedances not only in rural but also in urban and industrial areas. On the other hand, peak concentrations in urban and industrial areas are of a local nature. Consequently an emission reduction of only the local sources may be more cost-effective. 



%HQHILWVDULVLQJIURPWKHUHGXFWLRQRIDPELHQW62DLUFRQFHQWUDWLRQV



In general terms, the reduction of SO2 emissions have an influence not only on the reduction of the effects that are directly due to exposure to SO2, but also the effects due to sulphate and to sulphur deposition. The benefits include the following: decreased risks for health effects, less production loss from crops, reduced stress on forest and natural vegetation, reduced nutrient leaching in sensitive soils, recovery of some acidic lakes, prevention of further acidification of sensitive lakes, reduced deposition impacts on exposed materials, and improved visibility. For certain effects, such as acute human health effects, changes in air quality will result in immediate changes in effects. For other effect categories, where damage accumulates over time, or interacts with other stress parameters, e.g. forest vitality, total damage will be reduced although the benefits may not be observed immediately. 



&RVWVRIPHDVXUHV



For the cost estimation of measures to reduce large combustion plant (LCP) SO2 emission both primary (process integrated) and secondary (end-of-pipe) measures are relevant. Within the primary measures fuel cleaning, reducing up to 15 - 20% of sulphur content of solid fossil fuels and the installation of Claus plants with 98% abatement efficiency are important options. For the secondary measures, the installation of the lime stone wet scrubbing process (LWS) is the most beneficial option. Although within Europe this process already is applied on a large scale, it will take substantial investments for building new installations or retrofitting already existing plants. Also, the application of this desulphurisation process will result in yearly additional costs for process operation, being more or less comparable with the installation costs. Within the EU-15 region about 62% of the total amount of energy consumed for residential combustion is covered by natural gas, which has a very low SO2 emission. Liquids represent 26% of total residential energy consumption, while solids account for 11%, more or less equally distributed over hard and brown coal and over biomass - mainly wood. Reduction of SO2 emission from residential combustion of liquids and solids could be realised by changing
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to the use of natural gas instead and/or the large scale introduction of district heating and the use of heat pumps. This would mean substantial investments for the construction of gas transportation and distribution networks. Also a more complete desulphurisation of the liquids used for residential combustion would be beneficial as a emission reduction measure. With respect to the contribution to total industrial process emissions of SO2 the copper production and to a lesser extent the zinc production are the most important processes. The most relevant primary reduction measure for copper production would be the installing of flash smelting and continuous smelting processes instead of the applied conventional processes. This, however, would implicate a very drastic reorganisation of the larger part of the copper production industry. Therefore, secondary measures based on desulphurisation of off-gases by catalytic conversion and adsorption processes seem to be more feasible. 



&RQFOXVLRQV



To reduce rural exceedances, emission reduction measures of large combustion plants are most important. To reduce urban exceedances, large scale residential combustion of liquid and/or solid fuels in the winter period should probably be aimed at, and exceedances in industrial areas could be effectively be reduced by reductions of emissions due to industrial processes. Also, for decreasing the risk of exceeding hourly or daily SO2 concentration limit values, a diversification of reduction measures, based on locally important sources is required.
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5HSRUWLQJWKHUHVXOWV Article 11 and Annex 4 of the Framework Directive lay down the information that Member States will have to report to the European Commission. Depending on the levels, the required information may include data on the concentration levels in the zones, the causes of the pollution and other air quality management information. This Chapter focuses on how data on the levels in the zones could be reported to the Commission. In Chapter 3 it was remarked that the assessment strategy and the requirements for reporting the results of the assessment can not be developed independently. Even more so, the assessment strategy should be directly aimed at generating the results that should be reported. Since the form of the results of the new assessment tools introduced, in particular mathematical models, differs very much from the form of measurement results, the currently existing reporting procedure should be reconsidered. Until now, the reports of results of air quality assessment in the framework of EU air quality directives have been limited to statistics of measurement results. This is basically a report of the temporal pattern of concentrations at a limited number of points in space (station sites). For reasons of harmonization the European Commission has spent much effort in defining standardized reporting formats. In addition to the concentration statistics, also an extensive description of the stations is reported to the Commission, including information on the surroundings of the stations, such as the type (urban, suburban or rural), characterization (residential, commercial, industrial, agricultural, natural) and sources. Although this typification gives satisfactory information on the station itself, it does not include any information on how representative the station is for other locations of the same type. Since it is known that Member States apply different measuring strategies, particularly regarding the location of stations with respect to the highest values, it is not possible to extrapolate the reported data to territory-covering information. In Section 3.3 on measuring strategy it was proposed to add to the information on stations at least additional information on how representative a station is for the type of locations that it belongs to (is it an "average" site, or the worst case). The Framework Directive allows the use of modelling in zones where the levels are below y% of the limit value and requires reports on these zones every three years. It would be very useful to develop a common form for reporting such modelling results for the future Daughter Directives. This also applies to the results of modelling in areas where the concentrations are above y% of the limit value. When a combination of modelling and measuring is applied, it would be unsatisfactory when the reports to the Commission would be limited to the data of the monitoring stations. The Commission would receive less (though better defined) data in the case of supplementary assessment than in cases without it. It is proposed to develop a reporting format for the concentrations that includes, besides the statistics of the temporal distribution of measured concentrations, information on the spatial concentration distribution in the zones. There are several options to standardize the reporting of calculated concentrations at other locations than at monitoring sites.
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1. Taking the current format as the starting point, the simplest way of reporting might be to report concentrations calculated by mathematical methods for a selection of locations. This form of reporting for hypothetical stations could leave the conventions of reporting unchanged. 2. A more complete reporting option would be to extend the standard way of reporting to the incorporation of more than just point-wise spatial information. One example could be to develop several spatial concentration statistics (analogous to the temporal statistics that are now being reported by monitoring stations). Important examples of this would be the total area above the various limit values and the value of the various concentration parameters spatially averaged over the zone. Data such as the total number of inhabitants in the area above the limit values could also be added. 3. The most complete reporting would be to report the complete spatial concentration pattern in the form of maps, in addition to the statistical information mentioned under option 2. The first option, reporting for hypothetical stations, would be a solution that hardly uses the added value of models. The third, most ideal option will require the standardization of maps. Although current Geographical Information Systems provide excellent possibilities to standardize the exchange of country-wide concentration maps (generated by interpolation or large scale models), the exchange of maps of small-scale peaks near low point sources (generated by small-scale models and perhaps by statistical methods) may give rise to complications. In any case, a drastic change of the formats for information exchange will be needed. The second option seems to be the most feasible one for the short term, although it would by far not cover all information generated by the mathematical methods. It is therefore proposed to define several area-oriented parameters that should be added to the point-wise parameters given by monitoring stations. It is further proposed to develop in the forthcoming years a format for the exchange of maps and to test it on a voluntary basis. It could be considered for implementation in the Directive at a later stage, possibly according to a time schedule prescribed in the Directive. 5HODWLRQZLWKJXLGDQFHGRFXPHQW The guidance document will define how a supplementary assessment could be used to reduce the number of stations. The procedure is based on the idea that complementing pure measurement with other information will improve the quality so much that less stations are needed to obtain equivalent results. It would be useful to extend the scope of the guidance document and address also the reporting procedure for the assessment after implementation.
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$QQH[, Short period value Number of allowed exceedances per year Conversion factor between the WHO 10-minute guideline and an equivalent hourly value A practical point discussed here under is the number of exceedances per year that should be allowed. Arguments favouring no or very few exceedances are the following. For the general public a limit value expressed as a level that is allowed to be exceeded several times is more difficult to understand than a maximum allowed value. Also, a maximum allowed value can be choosen as a direct equivalent of the WHO guideline, while a value that is allowed to be exceeded can only be approximately expressed as an equivalent value - this would be based on measured frequency distributions. The larger the number of allowed exceedances is chosen, the larger the variability in this empirical relation is. On the other hand, there are strong arguments against expressing the limit value as the maximum. Of all statistical parameters, the maximum concentration is the most variable one. This would mean that a zone may, from year to year, fluctuate in and out compliance with the limit value. Since this variation is often mainly due to meteorological conditions, the compliance state would have a large variation that can not be influenced by air quality management. From the administrative point of view one should attempt to minimize such fluctuations. A second practical reason not to choose the maximum is that the maximum measured concentration can not be measured very reliably. This may be due to instrumental malfunction or to interruptions for maintenance and calibration; anomalous maxima may also occur as a result of unrepresentative sampling during a small period, e.g. because of a very incidental source such as the exhaust of an incorrectly placed truck during a short time. If for these practical reasons exceedances would be allowed, the choice of the number of exceedances remains. The larger this number would be, the lower the fluctuation and the measuring difficulty would be. The numbers proposed in the Working Group ranged between zero and the number that corresponds to 2% of all hours in a year. The Working Group did not arrive at a full consensus regarding the question whether any exceedances should be allowed. As a compromise, which could be supported by the majority of the Working Group, it is proposed to define the limit value not as the maximum value, but to allow 24 exceedances of the derived "equivalent" 1 hour limit value over one year. Consequently, two conversion steps are needed: from 10-15 minutes averages to equivalent 1 hour averages, and from the maximum to an equivalent value that is allowed to be exceeded 24 times. Using empirical information the two steps could also be derived as a combined (total) conversion factor. For both conversion steps one has to take into account that the conversion factors vary from place to place and that the actual ratios fluctuate from year to year. Further the ratio between 10-15 minutes averages to 1 hour averages depends on the statistical parameter that is considered (the maxima have the largest conversion factor, while the averages do not differ).
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The temporal frequency distribution of concentrations in an area under the strong influence of a single source tends to be steeper than the distribution of background levels, and so the conversion factor from the maximum to an equivalent value that is allowed to be exceeded tends to be larger for local peaks. The local peaks, being higher than background levels, are more likely to exceed a limit value, and so they are important to take into account, even though the area of such locally elevated levels may be relatively small. Due to this variability, a conversion factor can at the same time be too strict for one place and too lenient for another place. In particular, if one would chose the equivalent hourly limit value on the basis of the DYHUDJH ratio derived from measuring stations, one would allow exceedances of the WHO guideline at all stations where the actual ratio is larger than the average ratio, so at about 50% of the stations. If one would take the most conservative point of view, and attempt to set a 1 hour limit value allowed to be exceeded 24 times which would virtually exclude any exceedance of 500 g/m3 averaged over 10-15 minutes, one would have to set an extremely low limit value. Calculations by KEMA (1996) illustrate this for situations where the background concentrations can be neglected. In practical situations the background contribution is often of importance, but one should realize that large ratios can indeed occur. In Austria a ratio of 2.5 was measured between the 10 min. maximum and the 30 min. maximum at a monitoring site strongly influenced by a special industrial plant. This ratio approaches the arithmetically maximum possible ratio of 3. Ratios supplied by Germany and the UK are lower: the ratio between the maximum of 10-15 and 60 minutes average is typically around 1.2.
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