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Abstract

:

Featured Application


This paper provides an example to support air pollution reduction policies with health effects arguments.




Abstract


Emissions from the household sector are the most significant source of air pollution in Poland, one of the most polluted countries in the EU. Estimated health impacts of the reduction of these emissions under three scenarios are presented. The EMEP4PL model and base year emission inventory were used to estimate average annual PM10 and PM2.5 concentrations with spatial resolution of 4 km × 4 km. The change in emissions under each of the scenarios was based on data from a survey on household boilers and insulation. Scenario 1 included replacement of all poor-quality coal-fired boilers with gas boilers; Scenario 2 included replacement of all poor-quality coal-fired boilers with low-emission boilers but still using solid fuels; and Scenario 3 included the thermal refurbishment of houses with the worst insulation. Impacts on the following health parameters were estimated: premature deaths (PD), Chronic Bronchitis (CB), Bronchitis in Children (BiC) and Work Days Lost (WDL). The concentration–response functions recommended by the WHO HRAPIE project were used. The analysis was conducted for two regions: Lower Silesia and Lodzkie province. The largest reduction of health impact was observed for Scenario 1. For Lower Silesia, the annual PD decreased by 1122 (34.3%), CB by 1516 (26.6%), BiC by 9602 (27.7%) and WDL by 481k (34.7%). For Lodzkie province, the largest impacts were estimated as decreases in PD by 1438 (29.9%), CB by 1502 (25.3%), BiC by 9880 (26.8%) and WDL by 669k (30.4%).







Keywords:


air pollution scenario reductions; health impact assessment; household emission sector












1. Introduction


Ambient air pollution is the world’s most significant environmental health risk factor, contributing to 4.2 million deaths per year [1]. This equals on average approximately 55 deaths annually per 100,000 population (per 100k a.). Epidemiological studies confirm that particulate matter (PMx) has the greatest impact on health among all pollutants [2,3]. PMx has been associated with many adverse health outcomes, for example chronic cardiovascular and respiratory disease, decreased lung function leading to increased risks of hospitalizations and premature death [4,5,6]. More than 400,000 premature deaths in the EU were found to be attributable to air quality [7]. Among the most polluted areas in Europe are Poland, Hungary, Bulgaria, the Czech Republic, Slovakia and the northern part of Italy. According to the latest research, air pollution reduces life expectancy in Poland by 2.8 years, compared to 2.2 years in the whole of Europe [8].



Estimating these impacts is possible thanks to the methods and meta-analysis provided worldwide by international organizations such as the World Health Organization [1], European Environment Agency [7] and the Institute for Health Metrics and Evaluation [9]. One of the key elements of these assessments is a relative risk that allows the calculation of the fractions of diseases attributable to air pollution [10]. Two other necessary components are a population with health indicators and air pollutants concentration [11]. The first relates to a database on an international level that presents population density with average health indicators. Data on air quality (e.g., the concentration of atmospheric pollutants) are usually provided by monitoring stations or atmospheric transport models (ATMs).



Although particulate matter (PM10 and PM2.5) concentrations have slightly decreased in recent years in many Polish cities, concentrations are still higher than those in most European countries [7]. The most important air pollution-related problem in Poland is the emission from municipal and household sources and the increased consumption of solid fuels for heating purposes in the heating season. As a result, high concentrations of pollutants occur primarily in the cold season. According to latest reports by the Chief Inspectorate for Environmental Protection, in terms in Air quality in Poland, the Polish government faces the biggest problem with meeting the PM10 daily limit standard, e.g., in 2018, this level was exceeded in 39 of the 46 air quality zones. Thus, almost all provinces in Poland should take intensive actions to achieve the necessary standards of air quality. During the last few years, some local authorities (among others, the Marshal’s Office of Lower Silesia province and Lodzkie province) have implemented ambitious measures to reduce emissions, especially from the residential sector. The local laws, the so-called “Anti-smog regulations”, have entered into force since 2017. The implementation of local law will force homeowners to modernize their heating by exchanging old furnaces for more ecological ones (e.g., using gas, electricity, or zero-emissions systems) and to fulfil thermo-modernization of private homes. Moreover, in Wroclaw, a ban on the use of coal in individual furnaces and boiler rooms is planned. Quantifying the benefits (e.g., positive health effects) of future actions, especially concerning the costs incurred, is a necessary step in evaluating the effectiveness of new regulations and programs. It allows us to compare alternative strategies and provides the information to effectively communicate to residents about the necessity of taking efforts [12].



Health Impact Assessment (HIA) allows not only to estimate the current impact of air pollution but also to calculate the expected results of various interventions. Policies may relate to a specific source of air pollution, such as residential sectors, road transport, or industrial activities [13]. For example, in China, upgrading all household heating from solid fuels to gas, electricity or district heating would reduce the number of premature deaths related to ambient air pollution by 36.7 per 100k a. (per 100k population annually). [14]. In India, removing emissions from residential energy use would avoid 19.7 premature mortalities per 100k a. [15].



Analysis of the health effect due to air pollution can also focus on all major sources of air pollution to provide recommendations for strategies at particular administration levels. The research concluded in Warsaw, Poland shows that 70.6 per 100k a. deaths are attributable to the inflow of air pollution from outside the municipality borders, and 63.6 per 100k a are caused by air pollution emitted within the administrative borders of the municipality. It has also been demonstrated that the highest contributions in the Warsaw area are households with 40 per 100k a., followed by transport with 22 per 100k a. and finally industry with 1 per 100k a. [16]. The contribution of out-border sources is important in evaluating the possibilities of administration intervention.



Shifting private road transport by 40% to public transport and cycling in Adelaide, Australia would reduce annual PM2.5 by 0.40 ug/m3 avoiding 0.93 per 100k a. deaths and saving 8.43 per 100k a. Disability Adjusted Life Years (DALYs) [17]. Intervention can also relate to the infrastructure; for instance, in Antwerp, Belgium relocating the ring road into tunnels with filters would avoid 11.5 deaths per 100k a. [18]. Investigation can also provide information on specific road transport conditions. For instance, traffic congestion in the Greater Toronto and Hamilton Area, Canada causes 3 deaths per 100k a. from air pollution; HIA can be useful to choose the best municipal transport policy [19].



In most circumstances, the large point emission sources have adopted mandatory measures to reduce emissions of air pollution and their direct impact on regional air quality would be minor. However, the area over which pollution is dispersed from point sources can be significantly larger compared to area sources or household sources. Retiring two coal-fired power plants in the Southern Front Range region of Colorado State, USA would lead to the reduction of 0.05 premature deaths per 100k a. [20] due to the lower exposition to PM2.5. Health impacts can also be estimated for future industry plants. The planned coal-fired power plant in Taiwan would cause 1.44 deaths per 100k a. in the area of the whole country [21]. Industry has smaller effects normalized per population than road transport, but, due to its impact over a larger area, it can have higher cumulative results.



The main aim of this study was to estimate the potential health benefits of strategy to reduce particulate matter emission from the household sector in two regions in Poland—Lower Silesia with a population of 2.89M and Lodzkie province with 2.46M. Three scenarios were analyzed: (1) changing all lowest quality solid-fuel boilers to gas boilers; (2) replacing those boilers with the highest class of coal-fired boilers; and (3) thermal efficiency improvement of households with the highest energy losses. Household emission is the main contributor to air pollution in Poland [22]. The regions were chosen to represent a mountain region and lowlands. Additionally, both have high PM concentration and similar population.




2. Materials and Methods


2.1. Emission Data for Scenarios


Emission reductions due to potential interventions in each scenario were based on an analysis of the Energy Efficiency in Poland Report (EE) created by the Polish Institute of Environmental Economics [23]. This report consists of various publicly available data in Poland, and, additionally, it consists of a national survey based on a representative group providing unique data on the shares of boiler types in households.



The first part of the information was about the share of heating boilers types. There is currently no obligation or system for recording the number of solid fuel-fired boilers in Poland. Therefore, data from the survey were the only available information at the time of analysis. Since the lowest quality solid-fuel boilers were analyzed in Scenarios 1 and 2, data on wood or coal boilers were used. The majority of solid-fuel boilers used in households are highly emitting, approximately 81.5%, which was the number used for Scenarios 1 and 2.



Data on the emission per boiler were used to calculate the potential reduction. Data from the national study were used to take into account the solid fuel characteristics in Poland [24]. Emission per unit of energy was used (g/GJ), as shown in Table 1.



Scenarios 1 and 2 assume that hard coal of the lowest quality was replaced. The EE provides additional information about the age of the boiler; taking this into account, boiler emission was set to 420 g/GJ, new units were assumed to be a mix of automatic and manual with 100 g/GJ, and gas was set to 0.5 g/GJ. Since particulate emission from burning gas compared to coal and biomass is negligible, we assumed that whole household PM10 and PM2.5 come from solid fuels. Therefore, for Scenario 1, 81.5% of manual boilers of low quality with emission of 420 g/GJ were upgraded to gas 0.5 g/GJ, and for Scenario 2 to new high-quality boilers with 100 g/GJ.



Scenario 3 concerned the thermal refurbishment of households. For insulation data, the age of the building was selected. The assumption was that the houses were built according to the existing standards and materials available at the time of building. The age of buildings was collected from the Polish census of 2011 [25]. Data on energy consumption were taken from the EE, which is based on the energy standards in each period. Detailed information is presented in Table 2 and Table 3.



The differences between the two regions are due to destruction during World War II. Data come from the Polish census of 2011 and are the latest available with regional distribution. The thermal refurbishment scenario used an energy consumption per household of 45 kWh/m2 annually, which represents a low-energy building. It was assumed that households in buildings dating from before 1944 and during 1945–1988 need better insulation. A limitation of this approach is that it does not consider the existing refurbishment of houses. Since this information does not exist in Poland, it could not be included.



Emission reduction results produce a flat spatial difference, due to a lack of local data. Therefore, there is a single percentage reduction value for each scenario per region. However, the contribution of household emission is different in each cell of the grid used in the air quality modeling. Therefore, the same emission percentage reduction produces different concentration percentage reductions. Detailed reductions of emission are presented in Table 4.



Emission reductions for the household sector in Scenarios 1 and 2 for both regions are identical because data to differentiate the age and type of boiler at the regional level were unavailable. However, for Scenario 3, local data on the age of the building were available. Lodzkie province has higher emission reduction since the share of older buildings was greater in this region than in Lower Silesia. These results were used to modify the emission in the household sector in the cells of the grid, while emission data for other sectors remained the same.




2.2. Air Pollution Modeling and Emission Data


The EMEP/MSC-W model version 4.10 [26] was used to calculate air pollution concentrations throughout Poland (EMEP4PL). The model was originally developed at the Norwegian Meteorological Institute as part of the Co-operative Programme for Monitoring and Evaluation of the Long-range Transmission of Air Pollutants in Europe. It is a state-of-the-art Eulerian atmospheric chemistry transport model, which is applied to calculate concentrations of PM, O3 and S and N deposition for Europe. The model was released as OpenSource code in 2008 and is under continuous development to meet new objectives within the EMEP programme and other projects. The model is fully flexible in the domain and resolution of its application. It has been successfully applied at a high resolution (5 km and 1 km) scale over the UK [27,28,29]. Details on the regional application of the EMEP/MSC-W model over Poland are given in [30].



In this study, we used two one-way nested domains—the outer domain covers Europe on a 12 km × 12 km grid (d01), and the inner domain is focused on Poland at a 4 km × 4 km resolution (d02). The parent domain has 285 and 332 points in the west–east and south–-north directions, respectively. The model is coupled offline with meteorology, and we used the Weather Research and Forecasting (WRF) model version 3.8.1 [31] to calculate meteorological conditions to EMEP4PL [27]. The TNO MACC III emission database at 1/8° × 1/16° spatial resolution [32] was applied for the outer domain and the national database (1 km × 1 km) provided by the Chief Inspectorate of Environmental Protection was used for Poland in the inner domain.



The scenarios with EMEP4PL were run four times for the entire year 2015. The first scenario was run without any changes to the emission database; for the second, third and fourth runs, we used modified emission database. The particulate matter emissions for Lower Silesia and Lodzkie province were scaled by the emission factors described in the section above.




2.3. Health and Population Data


Health data were prepared using national sources and WHO population indicators. The population database was prepared based on the Central Statistical Office Local Bank. We used the 2015 dataset to be able to relate health information with the air quality dataset. The database includes information at the municipal level on population size and age structure, and the additional number of deaths with age structure was available at the county level [25]. The second source was the Social Insurance Institution, which provided data on days of absence on a regional level. Last, the HRAPIE indicator was used. By compiling this dataset, the health status of each municipality was calculated as follows:




	
deaths caused by natural causes, older than 30;



	
days of sickness absence, older than 18;



	
bronchitis among children, aged 6–18; and



	
chronic bronchitis among adults, older than 18.








Data from the first two indicators were directly assigned from the national database, and, if this was not possible, the population ratio from the higher tier administrative level to the municipal level was used. The number of bronchitis cases among children was calculated using WHO HRAPIE that estimated that approximately 18.6% of young people aged 6–18 are ill every year. The number of chronic bronchitis cases among adults was also calculated using the same method to show an incidence rate of 0.39%.



The database created contains population and health records for age groups in five-year increments. Death data start with 30–34 years old and ends with the group of 85 and over; work absence is recorded for ages 20–24 to 85 and over; children’s bronchitis for ages 5–9 to 15–19; and adult chronic bronchitis for age groups 20–24 to 85 and over. This database is not fully compatible with the WHO HRAPIE recommendation, because children are aged 6–18, not 5–19; however, since the analysis is used to compare different scenarios, the difference caused by this assumption is negligible. These records were prepared for each municipality in the region, in total 169 for Lower Silesia and 177 for Lodzkie province.




2.4. Methodology of the Health Impact Assessment


Health Impact Assessment methodology allows calculating the share of health effects that can be attributed to air pollution. To determine the level of exposure to air pollution, a population-weighted average concentration of annual PM10 and PM2.5 was calculated from the modeling results for each scenario including a baseline. For this purpose, the population was taken from the 2011 national census with a 1 km × 1 km grid (https://geo.stat.gov.pl/aktualnosci/-/asset_publisher/jNfJiIujcyRp/content/id/45261—accessed on 3 March 2020). To calculate the share of health effects attributed to air pollution, the concentration–response function based on Relative Risk (RR) was used. WHO HRAPIE was used as the source since it provides meta-analysis results and is used in Europe by the European Environment Agency [7]. The RR used for an increase of 10 µg/m3 of annual average concertation is as follows:




	
Premature death from natural causes—1.062; pollutant metric PM2.5;



	
Bronchitis among children—1.080; pollutant metric PM10;



	
Chronic bronchitis among adults—1.117; pollutant metric PM10; and



	
Work absence—1.046; pollutant metric PM2.5.








Relative Risk, concentration of air pollution and health data were used as stated below


   N  H E _ p o l   =  N  H E   ∗  (  1 − e x  p  − l  n    R R  b    ∗ c o n c    )   



(1)




where NHE_pol is the number of health effects caused by air pollution; NHE is the number of health effects from all causes; RR is an indicator that is determined from the relative risk function for a given health effect; b is the concentration of air pollution for which RR was derived (for this calculation, 10 µg/m3 was used); and conc is the value of the concentration of atmospheric air pollutants to which a given municipal population is exposed.



This formula was used for each health impact individually for municipalities and particular scenarios. The difference in the number of adverse health effects between the emission reduction and baseline scenarios was defined as the potential health benefit for each municipality, and their sum as a gain for the region.





3. Results


3.1. Reduction of Air Pollution


Air pollution reduction was calculated for each municipality as the difference between a particular scenario and the baseline concentration. The results with the population data were then recalculated as PM10 and PM2.5 annual concentration weighted with a population. Some results from the air quality modeling are presented in Figure 1a–d.



The spatial air pollution concentrations weighted with the population presented above are some of the results obtained for each of the four model runs (baseline and three reduction scenarios). The next step was a population-weighted concentration, and the results for whole regions are presented in Table 5.



The biggest reduction was obtained for Scenario 1 for every region and pollutant. Changing to the highest class of solid fuel boiler (Scenario 2) gave a visibly lower reduction than phasing out coal and biomass in the household sector (Scenario 1). The percentage reduction for Scenario 1 for PM2.5 for Lower Silesia equals 35.6% and for Lodzkie province 31.7%, while for PM10 it is 30.4% and 30.1%, respectively. The lower air quality in Lodzkie province compared to Lower Silesia produced a higher reduction of PM2.5, since the emission scenarios were percentage based. It is worth noting that the data in Table 5 cannot be directly related to measurements from the monitoring station since they are based on population-weighted concentration. However, the statistics fit the health impacts of air pollution the best, because they provide better information on human exposure to PM2.5 and PM10.




3.2. Reduction of Health Impacts


The highest health impacts reduction was observed for Scenario 1 for both regions, due to the greatest abatement of estimated emission from the household sector (results presented in Table 6.). The results for premature deaths and work absence in Scenario 1 were higher for Lodzkie province even though the population in Lower Silesia was higher. This is because the baseline modeled results of the concentration of PM2.5 in Lodzkie province are higher than in the other region. Therefore, Lodzkie province with a higher annual concentration of PM2.5 with a lower percentage result produced a higher health impacts abatement. However, the health effects calculated from PM10 concentration—namely bronchitis and chronic bronchitis—were similar. This is due to the fact that results of the PM10 modeling produced a lower difference between the regions than the PM2.5 results. The relation of health effects of Scenario 3 to Scenario 1 was higher in Lodzkie province than in Lower Silesia due to the fact that the data provided show a higher share of older buildings in the Lodzkie region.





4. Discussion


The results of the analysis show that reducing emission from the household sector will significantly improve air quality in Lower Silesia and the Lodzkie region. The concentration of PM2.5 annually is estimated to drop by 35.6% in Lower Silesia and 31.7% in Lodzkie province and for PM10 in the corresponding regions by 30.4% and 30.1%. These data are for Scenario 1, which relates to almost no emission (reduction by 94.7%) from the household sector. According to the national statistics on emissions from the National Centre for Emissions Management, the annual share of emissions of PM10 and PM2.5 from households is 46.5% as an average for the whole of Poland [33]. Additionally, an international study providing modeling of PM2.5 concentration with source apportionment shows a household share of 41% as an average for the whole country [34]. Our study results are lower than this, therefore this analysis can be treated as a conservative estimation for Poland. This is most likely caused by still not having a sufficiently comprehensive database of emissions at a local level in the country. Statistics are prepared using a top-down method that does not take into account local issues of air quality.



The total number of premature deaths may be somewhat underestimated since it did not include increased air pollution exposure in narrow urban streets. However, the analyzed scenarios did not include changes in transport, therefore it should not affect the relative difference, which was the input for the premature death calculation [35]. An additional limitation is that it only took into account the concentration of particulate matter. The meta-analysis studies on the health impact of air pollution do not focus on the composition of PMx, which, depending on their composition, have different toxicity. As an extreme example, particulate matter with a content of more than 80% NaCl (salt) has positive health properties [36], which of course is not a case for Poland characterized by high emissions from combustion processes and high contribution of BaP [37]. However, taking into account the composition of particulate matter is not a straightforward issue. For instance, to analyze changes of BaP emissions and concentration, we would need to also include socioeconomic changes, temperature and relative humidity to derive a new relative risk for concentration–response function [38]. Therefore, to tackle this limitation, a new separate study would be need to be conducted. Added value can also be found in presenting health effects other than premature deaths alone. One of the possible approaches is using a DALY indicator, which allows explaining the morbidity. However, since most of the studies concerned premature deaths, this health effect indicator was used to ensure comparison with other studies [39].



Relative risk, which allows calculating the number of premature deaths attributed to air pollution, was used from 2013 WHO report [10]. Liu et al. showed that an increase of PM2.5 concentrations by 10 µg/m3 are associated with an increase in all-cause mortality by 7.3% [40], which is 1.1% higher RR than WHO. A more extensive example is provided by the meta-analysis of Pope et al., who examined 75 peer-reviewed studies, which resulted that an increase of PM2.5 concentration per 10 µg/m3 provided RR o 1.09. Furthermore, meta-analysis only on studies conducted in Europe have a RR of 1.12 [41], which is nearly two times greater than the RR we used. This means that our study result could be underestimated. We used RR provided by (WHO), since it corresponds with the number of premature deaths in national documents, which uses information from the EEA report [8] that is based on WHO RR [10].



Potential changes in future temperature were also not included, which is important for ozone concentration. However, Poland presently does not have a problem in exceeding its thresholds [37]. A study from the United Kingdom shows that this might increase premature deaths from ozone as well as decrease the numbers attributed to PM2.5 [42,43].




5. Conclusions


Significant adverse health effects reductions are possible in Poland with policies limiting emissions from the household sector. Premature deaths caused by ambient particulate matter can be reduced by 34.3% for Lower Silesia and by 29.9% for Lodzkie province, if solid fuel (coal and biomass) is not used for the purpose of domestic heating. Improving insulation would allow a smaller reduction in premature deaths of 14.6% and 19.7% for the respective regions. Comparing the health effects with those of other health impact assessment studies provides an interesting insight. Taking into account the population size of the regions, Scenario 1 would result in a lower number of premature deaths of 38.7 per 100k a. in Lower Silesia and 57.5 per 100k a. in Lodzkie province. Compared to the results presented in the Introduction, this is the highest reduction, in some cases even being greater by two orders of magnitude. This is due to the high air pollution in the regions analyzed. There is a need to improving the emission database to better assess the health impacts of particular emission scenarios.
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Figure 1. (a) Baseline annual concentration of PM2.5 weighted with population, Lower Silesia, Poland; (b) baseline annual concentration of PM10 weighted with population, Lower Silesia, Poland; (c) baseline annual concentration of PM2.5 weighted with population, Lodzkie province, Poland; and (d) baseline annual concentration of PM10 weighted with population, Lodzkie province, Poland. 
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Table 1. Particulate emission factors for household boilers used for Scenarios 1 and 2.
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Pollutant

	
Unit

	
Hard Coal

	
Other Fuels




	
Manual Boilers, Low Quality

	
Manual Boilers, High Quality

	
Automatic Boilers

	
Stove




	
Gas

	
Oil






	
PM10

	
g/GJ

	
460

	
130

	
70

	
450

	
0.5

	
3




	
PM2.5

	
g/GJ

	
448

	
121

	
61

	
448

	
0.5

	
2.7
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Table 2. Percentage of buildings by the date of construction in Lower Silesia and Lodzkie region.
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	Region
	Before 1944
	1945–1988
	1989–2002
	2003–2011 and under Construction





	Lower Silesia [%]
	60.6
	14.2
	6.3
	12.2



	Lodzkie province [%]
	11.1
	64.7
	10.6
	8.1










[image: Table] 





Table 3. Energy demand for heating a building depending on age.
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	Region
	Before 1944
	1945–1988
	1989–2002
	2003–2011 and under Construction





	Energy [kWh/m2 annual]
	350
	260
	180
	120
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Table 4. Emission reduction of primary PM2.5 results in the household sector in Lower Silesia and Lodzkie region.
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	Region
	Scenario 1
	Scenario 2
	Scenario 3





	Lower Silesia [%]
	94.87
	85.84
	63.04



	Lodzkie province [%]
	94.87
	85.84
	71.33










[image: Table] 





Table 5. Annual air pollution with population weighted concentration reduction with baseline results in Lower Silesia and Lodzkie region.
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PM2.5 [µg/m3]

	
PM10 [µg/m3]




	
Region

	
Base.

	
Scenario 1

	
Scenario 2

	
Scenario 3

	
Base.

	
Scenario 1

	
Scenario 2

	
Scenario 3






	
Lower Silesia

	
18.5

	
−6.58

	
−4.57

	
−2.82

	
33.5

	
−10.2

	
−7.82

	
−5.01




	
Lodzkie province

	
28.4

	
−9.01

	
−7.62

	
−5.98

	
42.5

	
−12.8

	
−10.6

	
−9.12
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Table 6. Annual health impact reduction per scenario and region.
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Lower Silesia

	
Lodzkie Province




	
Health Impact

	
Scenario 1

	
Scenario 2

	
Scenario 3

	
Scenario 1

	
Scenario 2

	
Scenario 3






	
Premature death [cases]

	
1122

	
776

	
476

	
1438

	
1 211

	
945




	
[% reduction]

	
34.3%

	
23.7%

	
14.6%

	
29.9%

	
25.2%

	
19.7%




	
[per 100k a.]

	
38.7

	
26.7

	
16.4

	
57.5

	
48.5

	
37.8




	
Bronchitis amongst children [new cases]

	
9602

	
7303

	
4628

	
9880

	
8067

	
6932




	
[% reduction]

	
27.7%

	
21.1%

	
13.4%

	
26.8%

	
21.9%

	
18.8%




	
[per 100k a.]

	
331

	
252

	
160

	
395

	
323

	
277




	
Chronic bronchitis amongst adults [new cases]

	
1516

	
1148

	
724

	
1502

	
1221

	
1047




	
[% reduction]

	
26.6%

	
20.1%

	
12.7%

	
25.3%

	
20.6%

	
17.7%




	
[per 100k a.]

	
52.3

	
39.6

	
25.0

	
60.1

	
48.9

	
41.9




	
Work absence [days]

	
481161

	
333083

	
204775

	
688981

	
581101

	
454101




	
[% reduction]

	
34.7%

	
24.0%

	
14.7%

	
30.4%

	
25.6%

	
20.0%




	
[per 100k a.]

	
16 592

	
11 486

	
7 061

	
27 559

	
23 244

	
18 164
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