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Air pollution has detrimental effects on both physical and mental health . To improve 
air quality within cities and assure that individuals can enjoy cities more, city 
authorities have been implementing a wide range of urban air pollution control 
policies and strategies. Low emission zones (LEZ) manage traffic entering cities by 
granting access only to vehicles that meet certain emission standards. In 2022, 320 
LEZs were in force across Europe. 

In this study, the Independent Health Funds (Mutualités Libres/Onafhankelijke 
Ziekenfondsen), in collaboration with Health and Environment Alliance (HEAL), KU 
Leuven, VITO, UHasselt, the Belgian Interregional Environment Agency, provide new 
insights into the impact of LEZs. This study evaluated if implementation of LEZs in 
Antwerp (2017), Brussels (2018) and Ghent (2020) improved air pollution within the 
boundaries of the defined zones, if spatial spillover effects occurred, if 
socioeconomic inequality in air pollution exposure changed over time, and if these 
developments were beneficial for health.  

The study population comprised 420,007 individuals living within the LEZs, within 
seventeen control cities or within adjacent areas of these cities up to 5 kilometers. 
Annual residential air pollution (particulate matter - PM2.5 and PM10; nitrogen dioxide 
- NO2; black carbon - BC) was calculated for 2016-2022. Individual-level health 
outcomes (diabetes, cardiovascular disease, obstructive airway diseases, 
antidepressants, antithrombotic agents) were available for 2014-2023. Random effect 
models were constructed to assess the impact of LEZs on air pollution and 
socioeconomic disparities, and a comparative interrupted time series analysis was 
conducted to evaluate the health impact. For the Ghent LEZ, a limited number of 
descriptive statistics are provided since it is too soon to assess its effects. 

This population-wide research calculated residential exposure to BC, NO2, PM10 and 
PM2.5 and showed that the LEZs in Antwerp and Brussels have improved air quality 
statistically significantly more rapidly compared to other Belgian cities on average. 
Figure 1 displays average annual air pollution concentrations. Compared to control 
cities, individuals living within Antwerp and Brussels were confronted with higher 
concentrations of air pollutants in the years before LEZ implementation. They then 
saw a greater improvement in air quality with the LEZ compared to air quality 
improvements in control cities. In Brussels, NO2 concentrations reduced from 29.44 
µg/m³ in 2017, the year before the introduction of the LEZ, to 18.53 µg/m³ in 2022. 
Compared to Brussels, the NO2 concentration in Walloon control cities was thus 
higher in 2022 (19.21 µg/m³) while it was lower in 2017 (26.10 µg/m³). Similarly, the 
average BC concentration in Brussels in 2017 was 1.32 µg/m³. In control cities in 
Flanders and Wallonia, this was 1.23 µg/m³ and 1.19 µg/m³, respectively. In 2022, the 
BC concentration was lower in Brussels (0.66 µg/m³) compared to that in control 
cities in Flanders (0.79 µg/m³) and Wallonia (0.68 µg/m³). In 2016, the year before the 
introduction of the LEZ in Antwerp, the average PM2.5 concentration was 14.03 µg/m³. 
In control cities in Flanders, this was 13.46 µg/m³. In 2022, the PM2.5 concentration 
was lower in Antwerp (11.65 µg/m³) compared to that in control cities in Flanders 
(11.72 µg/m³). 

It is interesting to observe that the improvement of air quality is not limited to the 
LEZ. Our findings suggest strong positive spatial spillover effects of up to 5 km from 
the implementation of both the Antwerp and Brussels LEZ. 
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Figure 1 - Average annual residential exposure to PM10, PM2.5, BC, and NO2 for individuals living within the Antwerp, Brussels, and Ghent Low emission 
Zones or within control cities: evolution 2016-2022 
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This study also aimed to evaluate if socioeconomic inequality in air pollution 
exposure changed over time. Information on socioeconomic position at the level of 
census tracts was available via the recently developed Belgian Indices of Multiple 
Deprivation (BIMD). Census tracts are a nationwide geographic subdivision of 
municipalities based on urban development, socioeconomic characteristics, and 
morphological properties. Census tracts are referred to as neighbourhoods in this 
text. 

Socioeconomic disparities in air pollution (BC and NO2) decreased, bolstering the 
environmental justice case for the low emission zone's establishment. The study 
shows that the most deprived neighbourhoods in the Brussels-Capital Region bear 
the heaviest burden of air pollution – but also that for some pollutants (BC and NO₂), 
the LEZ resulted in a faster decrease of air pollution in those neighbourhoods. 

Figure 2 presents a visual depiction of the evolution (2016-2022) in air quality across 
socioeconomic position in Brussels. Several observations can be made. First, air 
quality is consistently worse with each increase in deprivation. Both before and after 
the introduction of the LEZ, more deprived neighbourhoods systematically bear the 
heaviest burden of air pollution. For example, in 2022, most deprived 
neighbourhoods had an average concentration of NO2 of 21.69 µg/m³, while the least 
deprived neighbourhoods had an average concentration of 14.05 µg/m³. Second, 
everyone has enjoyed reductions in air pollution, irrespective of socioeconomic 
position. For BC and NO2, the LEZ resulted in a statistically significantly faster decline 
in concentrations for the most deprived groups. For BC, there is a consistently 
stronger decline with each increase in socioeconomic deprivation. For NO2, the least 
deprived neighbourhoods declined less rapidly compared to other neighbourhoods.  
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Figure 2 - Average annual residential exposure to BC, NO2, PM2.5, and PM10 for individuals living within the Brussels Low Emission Zone: evolution 2016-2022 across 
socioeconomic position measured using the Belgian Indices of Multiple Deprivation 

 
Note: BIMD= Belgian Indices of Multiple Deprivation. 
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This study did not detect statistically significant differences in the evolution of health 
outcomes among persons living in the LEZs compared to control cities, although air 
quality had improved significantly faster in the LEZ over the same period. The only 
exception is the use of antidiabetics, for which there was a less steep pre-post LEZ 
increase among the cohort living in the Brussels LEZ versus the cohort living in 
control cities. The European Environment Agency (2023) estimates that for NO2, the 
highest impact on health is due to diabetes mellitus, with 314,574 disability-adjusted 
life years (DALYs), which is much higher compared to stroke (204,723 DALYs) and 
asthma (115,425 DALYs). NO2 showed great reductions in the Antwerp (from 34.94 
µg/m³ in 2016 to 24.46 µg/m³ in 2022) and Brussels (from 30.12 µg/m³ to 18.53 µg/m³) 
LEZs, strongly outperforming other cities. Further research may confirm whether the 
effects we observe here for diabetes are a precursor to possible expected effects on 
other disease conditions. While there is a large evidence base for both short and 
long-term effects from air pollution exposure, the larger share of the health burden 
is from chronic exposure. For the majority of LEZs to have the intended effects on the 
environment and human health, they must be implemented for several years or have 
consistently effective vehicle standards. It is thus recommended to reevaluate the 
health impact in the near future. 

 

 

General conclusions: Findings of this study suggest that with the introduction of the 
LEZ, all pollutant concentrations declined significantly more rapidly in both Antwerp 
and Brussels and adjacent areas compared to other Belgian cities and adjacent areas. 
Socioeconomic disparities in BC and NO2 concentrations decreased over time. 
Findings for the evolution of diabetes suggested a positive impact of the LEZ for this 
particular outcome. This study suggests that LEZ implementation holds strong 
advantages that may extend beyond the boundaries of the defined zones. As air 
pollution concentrations in European cities are still high, policies such as LEZs are 
required to attain the World Health Organisation Global Air Quality Guidelines. 
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