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Objectives: This paper presents the study design of the Berlin-Brandenburg Air study (BEAR-study). We measure air quality in Berlin and Brandenburg before and after the relocation of aircraft (AC) traffic from Tegel (TXL) airport to the new Berlin-Brandenburg airport (BER) and investigate the association of AC-related ultrafine particles (UFP) with health outcomes in schoolchildren.
Methods: The BEAR-study is a natural experiment examining schoolchildren attending schools near TXL and BER airports, and in control areas (CA) away from both airports and associated air corridors. Each child undergoes repeated school-based health-examinations. Total particle number concentration (PNC) and meteorological parameters are continuously monitored. Submicrometer particle number size distribution, equivalent black carbon, and gas-phase pollutants are collected from long-term air quality monitoring stations. Daily source-specific UFP concentrations are modeled. We will analyze short-term effects of UFP on respiratory, cardiovascular, and neurocognitive outcomes, as well as medium and long-term effects on lung growth and cognitive development.
Results: We examined 1,070 children (as of 30 November 2022) from 16 schools in Berlin and Brandenburg.
Conclusion: The BEAR study increases the understanding of how AC-related UFP affect children’s health.
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INTRODUCTION
Ambient ultrafine particles (UFP) may pose a substantial risk to human health. However, epidemiological evidence for health effects of UFP in humans is still relatively scarce [1–3]. Due to their small size, UFP can penetrate deeply into the lungs, cross biological membranes, enter the bloodstream, and reach various organs, including the brain [1, 4]. Hypothesized health effects include local and systemic inflammation, oxidative stress, cardiovascular and respiratory problems, and potential impacts on the brain and metabolism [1, 2]. Short-term studies suggest associations between UFP and inflammation and cardiorespiratory changes, possibly independent of other pollutants [2].
Studies on aircraft (AC)-related UFP have shown that ambient UFP concentrations are strongly elevated near big airports, even 8–10 km downwind with measured UFP concentrations of 75,000 particles/cm3 and estimated particle number concentration (PNC) increases of 60,000 particles/cm3/minute within the first minutes after take-off at 380 m from the airport [5–12]. In the Netherlands near Amsterdam Schiphol airport, the contribution of air traffic to the annual average UFP was estimated to be about 5% of the total PNC and about 16% of 10–20 nm particles in Amsterdam (approx. 8 km away from the airport) [13, 14]. In addition to UFP generated directly from AC, airport-related road traffic also contributes to the UFP exposure of the population near large airports. Hudda et al. [6, 15] found that AC-UFP infiltrated indoors and resulted in significantly elevated PNC indoors.
Toxicological studies on the effect of AC-generated UFP on biological markers are rare. One recent study showed higher toxicity from AC-related particulate matter (PM) exposure than from PM from gasoline engines on human bronchial cells [16], whereas other studies have shown that AC emissions seem to have similar effects as standard diesel exhaust particles [17, 18].
Epidemiological studies on AC-related UFP and health outcomes are limited and yield mixed results [16–25]. Regarding long-term effects, an occupational study among airport workers in Copenhagen showed no associations between time spent working at the airport and incidence of ischemic heart disease or cerebrovascular disease [24]. Whereas a recent report on the health effects of long-term exposure to AC-UFP around Amsterdam Schiphol Airport showed that long-term exposure to AC-UFP may have an effect on the cardiovascular system for people living in the vicinity of Amsterdam Schiphol Airport [19]. Furthermore, there was a possible effect of the exposure of pregnant women to AC-UFP and the development of the unborn children [19]. These findings are supported by a recently published study from Wing et al. [23], which explored the relationship between joint exposure to airport-related noise, airport UFP, and road traffic-related air pollution (AP) on risk of preterm birth [22, 23].
Regarding short-term effects, Habre et al., 2018, observed associations of AC-UFP from the Los Angeles Airport (LAX) with inflammatory markers, whereas road traffic-related UFP were more strongly associated with lung function outcomes [26]. Further investigations on short-term AC-related PM exposure showed decreased lung function [20] and changes to the urinary metabolome in healthy volunteers [21]. Janssen et al. (2019) studied short-term UFP exposure near Schiphol Airport in Amsterdam, Netherlands, in both children and adults. They found that, on days with high exposure, children reported more respiratory complaints and medication use compared to adults. This effect was more pronounced in children who already had respiratory symptoms and were using medication [19].
Children, due to their incomplete lung and immune system development, are particularly vulnerable to air pollution [27]. Traffic-related air pollution has been linked to asthma and reduced lung function in children [28]. Additional research is needed, especially on the effects of AC-UFP and related emissions, particularly in children [29].
The BEAR study leverages an airport transition to investigate AC-UFP and airport-related exposures’ effects on children’s health. With the closure of Berlin Tegel Airport (TXL), in the north of Berlin, and the opening of Berlin-Brandenburg Airport (BER), on the southern boarder of Berlin, in November 2020, the study seizes a unique opportunity for a natural experiment. It focuses on understanding short-, medium-, and long-term health effects of airport-related exposures, including cardiovascular, respiratory, and neurocognitive health in children. This study aims to improve data for deriving air quality standards. Here, we detail the study design, recruitment, and assessment procedures of air pollution and health within the BEAR study.
METHODS
Study Design
The BEAR study is a prospective cohort study on children, using a natural experiment of the relocation of air traffic in the city of Berlin.
Prior to October 2020, Berlin had two operating airports, TLX and Berlin Schönefeld Airport (SFX) with about 2 million (TXL) and 1 million (SFX) passengers per month. A third airport was under construction directly south of SFX (Berlin-Brandenburg Airport, BER) (Supplementary Figure S1). SFX operated as an independent airport until the end of October 2020. The airport’s check-in building was integrated into BER as an additional terminal, but has not been used since February 2021. The relocation of air traffic from TLX to BER in November 2020 implied a total loss of air traffic at TLX and thus a drastic reduction of airport-related emissions for children living near TLX. Simultaneously, through the commissioning of BER, a sudden and strong increase of air traffic and of airport-related emissions at SFX and BER, was expected, subjecting the children living near SFX/BER to substantial increases in aircraft-related exposures. Children living in areas away from all airports [control areas (CA)] are assumed to be not affected by the air traffic relocation.
We recruited children attending elementary schools and their affiliated after-school centers in the city of Berlin and in the federal state of Brandenburg: near TXL, near BER, and from CA in Berlin (Supplementary Figure S1). Parallel to the repeated health examinations of the children, we measure the outdoor UFP concentration at the participating schools. AP is measured continuously at several measuring stations in Berlin and Brandenburg near TLX, SFX and BER as well as in CA. Modelled source-specific UFP and other air-pollutants at the schools and home addresses of participating children will be available for long-term exposure pre- and post-relocation of Berlin AC traffic (Figure 1).
[image: Figure 1]FIGURE 1 | Study design of the Berlin-Brandenburg Air Study (Berlin-Brandenburg Air Study, Germany 2020–2024).
Health examinations started in January 2020. Follow-up examinations are ongoing and are expected to end in May 2024. The BEAR study has been approved by the local ethics committee at Heinrich-Heine-University of Düsseldorf (protocol number: 2019-695). For all children, a parent or legal guardian provided informed consent. From a list of all primary schools in Berlin, we prioritized eligible schools according to location (Supplementary Figure S1), comparable SES of the neighborhoods, local road traffic exposure and exposure to industrial sources of AP and noise.
For prioritization, we used the sociodemographic atlas of Berlin [30] and the existing noise and road traffic maps of Berlin [31]. Initially, we planned to examine altogether 550 schoolchildren aged 7–12 years.
Health Examinations
Health examinations started in January 2020 in Berlin and December 2020 in Brandenburg, with baseline examinations completed by December 2022. Parallel to baseline examinations, the follow-up examinations started in August 2021 and are still ongoing. These examinations were integrated into the regular school day in Berlin and after-school day-care in Brandenburg, accompanied by an educational module on healthy living performed by the study staff. To ensure consistency, study staff underwent regular training, certification, recertification, and process monitoring. All tests adhered to standard operating procedures in line with international and national standards. Parents who consented to participate completed a comprehensive questionnaire covering their child’s health, COVID-19 history, parental demographics, and family lifestyle factors (in German Supplementary Baseline Questionnaire parents).
At each examination, acute physical illnesses and medication use were assessed with an examiner-conducted questionnaire (in German Supplementary Acute Health Questionnaire).
Quality of life (QoL) was evaluated using the KIND-L (“Revidierter Fragebogen für KINDer und Jugendliche zur Erfassung der gesundheitsbezogenen Lebensqualität”) questionnaire for children through interviews (in German Supplementary KINDL Questionnaire).
We measured height and weight without shoes and in light clothing with a fixed ruler and a digital scale, respectively. For blood pressure measurements, children were placed in an upright sitting position with their arms placed on the table in front of them. The blood pressure cuff was placed on the arm used for writing. Care was taken to ensure that clothing did not constrict the arm. After resting for 5 minutes, systolic and diastolic blood pressure measurements were taken in triplicate with 2 minutes rest in between measurements using a digital oscillometric device (ProBP 2000, Welch Allyn).
Exhaled nitric oxide (FeNO) tests (NIOX VERO, Circassia) were conducted, with children attempting the 10 s version first and switching to the 6 s version if necessary. High FeNO values (>35 ppb) were confirmed in a second test for those children. FeNO tests were conducted before spirometry in order to avoid biasing nitric oxide values towards the null.
Spirometry tests were performed in accordance with American Thorax Society (ATS) and European Respiratory Society (ERS) guidelines [32] using the EasyOne spirometer (NDD Medical Technologies). Children underwent an initial eligibility screening with exclusion criteria such as current acute infections, recent chest or torso surgery within the past 3 months, recent eye surgery within the past month, or the use of tuberculosis medication. Children with asthma taking medication were allowed to participate if their last use was sufficiently long before the lung function test, ranging from up to 4 h (short-acting ß2 mimetics like salbutamol) to 5 days (leukotriene antagonist like montelukast).
During the lung function test, children were seated upright with their feet on the ground, maintaining a proper distance from the table with the computer screen. They watched an instructional video demonstrating full spirometry with forced maximal exhalation and received verbal instructions for the maneuver. They were required to perform two consecutive maneuvers, with only the second one analyzed. Valid maneuvers met the following criteria: back extrapolated volume (BEV) <0.15 L, time to peak flow (PEFT) <0.12 s, and either forced expiratory time (FET) >3 s or end of test volume (EOTV) <0.04 L. Valid maneuvers were assessed for reproducibility, and the lung function test ended after obtaining three valid and reproducible maneuvers or reaching a maximum of eight maneuvers. If fewer than two valid and reproducible maneuvers were achieved, a repeat examination was scheduled.
To assess cognitive function, children completed the standardized N-back and Attentional Network Task (ANT) Test. The N-back test is a well-established working memory assessment where participants determine if the current color matches the one shown n colors back [33–35]. It was conducted for 1-, 2-, and 3-back conditions, generating scores based on correct and incorrect answers. The ANT test evaluates various forms of attention (alerting, orienting, and conflict) by presenting an image of five fishes in a line [36]. Children click the mouse button corresponding to the middle fish’s direction, with reaction times and accuracy recorded and calculated into scores [36]. Both tests were programmed in e-prime [37] and administered at separate tables with headphones and privacy screens to ensure a quiet environment. Children received instructions and a test run to ensure task comprehension.
We plan to examine each child at least three times until spring 2024. Should children move schools or no longer choose to participate, we will recruit additional participants within the schools already participating in the study.
Air Pollution Assessment
Air pollutant concentrations near Berlin airports and in the CA have been assessed at several monitoring sites mostly since 2019. A detailed description of the measurement stations is given in Table 1 and the location in the Supplementary Figure S1. All data collected at the measurement stations will be made available for the BEAR project.
TABLE 1 | Description of fixed-site measurement sites providing data for the Berlin-Brandenburg Air Study (Berlin-Brandenburg Air Study, Germany 2020–2024).
[image: Table 1]The monitoring of air quality began in July 2020 at a fixed-site monitoring station in the downwind area of the old airport TXL in order to assess the change in pollutant concentrations in the direct vicinity of the TXL school sites Berlin-Reinickendorf (RKD). In June 2021, this fixed monitoring station was moved to Blankenfelde-Mahlow, near the new airport BER. This measurement station was operated by the Leibniz Institute for Tropospheric Research (TROPOS) by October 2022 in the framework of the research project “Ultrafeinstaubbelastung durch Flughäfen in Berlin” (ULTRAFLEB), a BEAR-associated 3 years research project funded through the German Federal Environment Agency. Near the new airport BER, two additional fixed measurement stations including highly time-resolved PNC measurements (GRIMM 5420) were already present. The airport company “Flughafen Berlin Brandenburg” (FBB) operates both monitoring stations. The first one is located directly adjacent to the airfield (site SFX) and a second one in Berlin-Bohnsdorf (BDF) about 5 km downwind of SFX/BER since October 2016.
In order to estimate UFP concentrations at the recruited schools, a condensation particle counter (CPC; EDM465, Grimm Aerosol Technik, model EDM465) was placed to school sites concurrently with the baseline health examinations. This device measures total PNC in the size range from 7 nm to 1 µm utilizing pre-impactor. This measurement campaign started in January 2020 and is still ongoing.
To distinguish between UFP emissions from aircraft-related sources and other PNC sources like road traffic and wood combustion, we employ various strategies. Initially, we utilize backward air mass trajectories to assess airport influence at school locations. By defining sectors where the airport is downwind, we can estimate airport-related particle signals in the CPC measurements, accounting for nearby roads and highways. Further analysis relies on particle size distribution (PDS) data and additional air pollutant measurements gathered from monitoring stations in the vicinity of the airports (Table 1). We conduct correlation analyses between PNC at schools and monitoring sites. After determining how those stations represent the particle number concentrations at schools (work ongoing in separate publication), long-term high quality data will be used to run source apportionment by use of positive matrix factorization (PMF) method (following methodology by, e.g., Tremper et al., 2022) [38], segregating between different pollution sources, including airport and traffic. Finally, the results of the source apportionment will be transferred to the school locations.
It’s worth noting that our study quantifies airport activity-induced concentration increases in total PNC, which we convert to UFP PNC based on PDS measurements, Although several studies do refer to total PNC as UFP [12, 39–41]. To validate our approach, we examine particles with a mobility diameter of 30 nm, indicative of airport-related activities [38].
Additionally, ULTRAFLEB provides BEAR with modeled source-specific UFP and air pollutant data for long-term exposure assessments pre- and post-relocation of Berlin AC traffic (see Supplementary Figure S1). This modeling covers Berlin and Brandenburg, including residential addresses of participating children and schools, at a spatial resolution of 50 m*50 m. We generate exposure estimates for PM10, PM2.5, NO2, black carbon, and UFP from 2019 to 2023, validating them against school site, monitoring station, and mobile campaign data.
Planned Analyses
We plan to analyze short-, medium- and long-term effects of total and source-specific UFP. Short-term periods refer to hourly and daily, as medium- and long term periods refer to monthly and yearly effects of air pollution measured and modelled over the appropriate time at children`s schools and residential addresses.
To identify the appropriate confounders for each analysis, we will employ a directed acyclic graph (DAG) approach. This method allows us to identify the minimal sufficient adjustment sets needed to establish the association between UFP exposure and the outcome parameters. Possible confounders may include socio-economic status (SES) of the area or parents, history of chronic diseases (e.g., asthma), history of attention deficit disorder/attention deficit hyperactivity disorder, season, and other relevant factors.
Short-Term Analyses
We will initially assess short-term changes in various health factors, including respiratory symptoms, lung function, cognitive function, blood pressure, and quality of life. We’ll use generalized linear mixed models, considering exposure to air traffic, location (TXL, BER, CA), and examination time as variables. This analysis will involve all collected data across all groups. For source-specific (AC-UFP) exposure, we will include other airport-related factors like road traffic noise, air pollution (AP), and changes in socioeconomic-status (SES) in sub-analyses. We will also explore different exposure time windows based on existing literature. To ensure accuracy, we will adjust our models for factors such as age, gender, weather conditions, background air pollution, NDVI (normalized difference vegetation index), and relevant covariates that could influence both exposure and outcomes (confounding variables).
Long-Term Analyses
The primary outcomes of long-term health effects are lung growth and cognitive development. We will consider background air pollution (AP) exposure through a designated control region. The central hypothesis of the BEAR Study is that reducing AC-UFP and other airport-related exposures near TXL will improve lung and cognitive function, while an increase in these exposures near SFX/BER will reduce lung and cognitive function. To thoroughly investigate these effects, we will analyze changes in pollutant levels downwind of the airports and in CA, changes in exposure for schoolchildren near TXL, SFX/BER, and in CA, and changes in the children’s health outcomes over time.
Our analysis will involve linear mixed-effects models, assessing lung capacity (FVC and FEV1) from up to three visits, as well as working memory and attention. We will include a random participant intercept for each child and account for temporal trends in exposure and outcomes over the 4 years study period, using the examination date as a variable. We will also consider seasonal, meteorological, and other variables that could predict the outcomes. Similar to the short-term analysis, the models will be adjusted for age, gender, weather conditions, background air pollution, NDVI, and potential confounding factors, which may vary depending on the specific outcome under study. We will particularly address noise-related confounding by incorporating changes in exposure to different noise sources based on modeled noise levels at residential addresses.
Source-Specific Analyses
In addition to these analyses we will conduct a sub-analysis focusing solely on individuals exposed to airport-related UFP to assess the source-specific short-term effects more precisely. This sub-analysis will allow us to gain deeper insights into the specific impacts of airport-related UFP exposure on the outcomes under study. In contrast, for the long-term analysis, we will utilize a binary exposure variable that distinguishes between two groups: those living near the airport and the control group. This approach will allow us to examine and compare the differences in lung growth and cognitive development over time between these two distinct groups.
Mediation Analysis
Potential mediators of the total effect of the intervention on health outcomes in our analysis are changes in AC-related UFP or other AC-related air pollutants, road traffic-related UFP or other road traffic-related air pollutants, AC-noise, road traffic noise, and area-level SES. Outcomes will be short-term changes in lung function, lung inflammation, and cardiovascular health, as well as medium- and long-term changes in lung growth and cognitive development. We will conduct mediation analyses according to the principles and methods as outlined by VanderWeele [42]. We will also conduct sensitivity analyses evaluating whether the exposure and mediators may interact in their effect on the outcome.
Sample Size Calculation
We calculated the detectable effect size for our study based on dynamic lung function volumes (FEV1, FVC) as the outcome. We will assess 1,070 children, resulting in a total of 3,210 observations (three observations per child). With an average FEV1 of 1.6 L (SD 0.27 L) in elementary school children in Germany [43], a 5% alpha-level, and a sample size of 503 children, we have at least 80% power to detect a 0.030 L reduction in FEV1. This change is similar to what’s observed after a 2 h exposure of participants with mild to moderate asthma per 10,000 particles/cm3 [44] and smaller than daily changes in ambient PM AP on lung function in children [45, 46]. With a sample size of 856 children, we can detect a 0.015 L reduction in FEV1 (alpha-level of 5% and 80% power), allowing for a 20% loss of participants.
For the analysis of short-term effects on FeNO, we estimate that with a mean FeNO level of 11 ppb (SD 1.1 ppb), we can detect a moderate effect (0.5 ppb decrease) with 232 measurements, using a 5% alpha level and 90% power, with an allocation ratio of 2:1.
Regarding the analysis of lung growth trajectories and cognitive development, we can detect small to moderate differences with an alpha-level of 5% and 80% power in a sample of 282 children.
RESULTS
We recruited 1,070 children (as of 30 November 2022) from 16 schools in Berlin and Brandenburg, with the number of participating children varying from school to school (Table 2; Figure 3). The children listed here had already completed at least one and a maximum of three health examinations.
TABLE 2 | Participating schools in Berlin and Brandenburg and completed baseline examinations (as of 30 November 2022) (Berlin-Brandenburg Air Study, Germany 2020–2024).
[image: Table 2]Design Adaptations Due to the COVID-19 Pandemic
As in many studies, the appearance of COVID-19 in late 2019 and the subsequent global pandemic have significantly impacted several aspects of this study. The natural experiment involving an abrupt closing of TXL Airport and a quick takeover of all air traffic by BER did not occur due to the large-scale cessation of air traffic starting in March 2020 at TLX and SFX. In summer 2020 reduced air traffic resumed TLX, and in November 2020 air traffic relocated from TLX to BER but still with a reduced volume (Figure 2).
[image: Figure 2]FIGURE 2 | Number of flights (departure and arrival) at Tegel Airport, Schönefeld Airport and Berlin-Brandenburg Airport as well as air traffic cessation and relocation of air traffic in Berlin and Brandenburg [47, 48] (Berlin-Brandenburg Air Study, Germany 2020–2024).
With the gradual increase in air traffic at BER we conducted more ‘low exposure’ measurements in children attending schools in that area and had fewer measurements available under high exposure conditions. Additionally, because of intermittent school closures due to high local COVID-19 incidence rates (Figure 3), recruitment and examination of children were more difficult than expected. As a contingency measure, we decided to include additional schools near BER Airport in Brandenburg and to extend our observation period to at least 4 years. With the addition of new study areas in Brandenburg, we increased the number of participants to more than 1,000 schoolchildren (Table 2).
[image: Figure 3]FIGURE 3 | Cumulative number of baseline health examinations with dates of school closure and limited schooling in Berlin and Brandenburg due to COVID-19 pandemic (Berlin-Brandenburg Air Study, Germany 2020–2024).
DISCUSSION
The BEAR study represents an important step forward in the attempt to understand how AC-UFP as well as other AC-related emissions may influence the short- and long-term health of populations living near airports.
A particular strength of the BEAR study is the design of a natural experiment, as we used the abrupt relocation of Berlin air traffic to determine the association of short- and long-term exposure to AC-UFP and health effects of children. We chose to focus in our study on elementary schoolchildren for several reasons: In Berlin and Brandenburg, elementary schoolchildren usually attend the school that is closest to their residence and often in walking distance from their home. Moreover, a large fraction of elementary school children stay on the school grounds for afternoon care. Therefore, exposure measured at the school can be used as a surrogate for daily exposure. In addition, we assume that other exposures often encountered in adults (active smoking, spending a lot of time in high traffic, occupational exposures), which can all lead to individual exposure estimation error, do not apply for children. Finally, children are usually very physically active, have high minute ventilation in relation to their body size, leading to a high intake of air pollutants, and are particularly susceptible due to their growing and developing organs [49].
Another strength is the comprehensive air quality measurement campaign in Berlin and Brandenburg. We will be able to assess concentration changes in size-fractioned and source-specific UFP, other air pollutants (PM10, PM2.5, BC, NO2, NOx, O3), other airport-related exposures (i.e., aircraft noise, road traffic noise) due to the relocation of air traffic from TXL to BER for schoolchildren in the vicinity of both airports and in CA not impacted by AC-associated air pollutants. In combination with the comprehensive health examinations on schoolchildren, we will be able to detect health effects related to changes in airport-related exposures. The BEAR study is therefore well-situated to provide insight into how AC-related exposures affect children’s quality of life, lung and cognitive development and cardiovascular health, outcomes which have lifelong consequences [29, 50, 51].
At present, there are no regulatory standards governing UFP levels in ambient air. Despite growing evidence showing that exposure to these small particles has health consequences [1, 2, 4, 50], the World Health Organization (WHO) did not considered the evidence strong enough to derive guidelines for UFP in its most recent Air Quality Guidelines [53]. Similarly, regulatory bodies have deemed the evidence insufficient to justify the introduction of air quality standards for UFP [53–55]. Nevertheless, in the revised WHO guidelines 2021, good practice statements were formulated in order to address concerns about the health and environmental effects of UFP [53]. According to those statements, PNC < 1,000 particles/cm3 (24 h mean) can be considered as low and potentially harmless, whereas PNC > 10,000 particles/cm3 (24 h mean) or 20,000 particles/cm3 (1 h) are classified as high. With the knowledge arising from the BEAR study, particularly from a population considered highly vulnerable to AP, we hope to further efforts by scientists to introduce UFP standards that will ultimately lead to improved health for many.
Through AP monitoring and modeling as well as regular health examinations among schoolchildren in Berlin and Brandenburg, the ongoing BEAR study represents a unique opportunity to advance our scientific knowledge about how AC-specific UFPs influence childhood development and health.
ETHICS STATEMENT
The studies involving humans were approved by Ethics committee at Heinrich-Heine-University of Düsseldorf (protocol number: 2019-695). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.
AUTHOR CONTRIBUTIONS
VS is the study coordinator and lead author of the manuscript. SLu, ML-V, and MG revised the manuscript. KW, UW, AW, AH, and SLü are part of the ULTRAFLEB project and revised the manuscript. JC, SK, MW-P, PG, and BH are part of the BEAR project and revised the manuscript. BH, JC, MW-P, and PG form the management team of the study. JC and SK are mainly responsible for the exposure measurements in the project. MW-P and PG are mainly responsible for the health examinations. BH is head of the epidemiological team in the study and leads the main coordination of the project. All authors contributed to the article and approved the submitted version.
FUNDING
The BEAR study is funded by the German Research Council (HO 3314/13-1, WI 5556/2-1, CY 68/5-1), and air pollution modeling is part of the ULTRAFLEB project (“Ultrafeinstaubbelastung durch Flughäfen in Berlin”) funded by the German Federal Environment Agency (Umweltbundesamt; FKZ 3720522010; AZ. 54 551/4). MG is supported by a Miguel Servet fellowship (CPII18/00018) from the Spanish Institute of Health Carlos III.
ACKNOWLEDGMENTS
We extend our gratitude to the BEAR study participants and their parents/guardians for their invaluable contributions. We also thank the schools, day care facilities, Berlin districts, Brandenburg municipalities, the Ministry of Social Affairs, Health, Integration and Consumer Protection of the State of Brandenburg, the Ministry of Agriculture, Environment and Climate Protection of the State of Brandenburg, and the Berlin Senate Administration for their support. Our study owes its success to the dedication of our study nurses/assistants (Jennifer Golembus, Romina Grajcar, Melanie Friebel, Kerstin Theisen, Antonia Hamann, and Solvy Wolke), student workers (Simon Barchewitz, Ceyda Gök, Rosa Kampfmann, Maja Nickel, Jonas Reichel, Lukas Semenyuk, Fabienne Wünsche, Johanna Vehlow, Ann Kathrin Rahmel, and Jessica Ziebula), data manager (AB), and technical team (Sven Klemer, Benno Wolbring, Susanne Sues). We also acknowledge support from the Spanish Ministry of Science and Innovation, the State Research Agency through the “Centro de Excelencia Severo Ochoa 2019–2023” Program (CEX2018-000806-S), and the Generalitat de Catalunya through the CERCA Program.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.ssph-journal.org/articles/10.3389/ijph.2023.1606096/full#supplementary-material
REFERENCES
 1. HEI Review Panel on Ultrafine Particles. Understanding the Health Effects of Ambient Ultrafine Particles. HEI Perspectives 3 (2013). Available From: http://pubs.healtheffects.org/view.php?id=394 (Accessed September 21, 2023). 
 2. Ohlwein, S, Kappeler, R, Kutlar Joss, M, Künzli, N, and Hoffmann, B. Health Effects of Ultrafine Particles: A Systematic Literature Review Update of Epidemiological Evidence. Int J Public Health (2019) 64(4):547–59. doi:10.1007/s00038-019-01202-7
 3. Samoli, E, Rodopoulou, S, Schneider, A, Morawska, L, Stafoggia, M, Renzi, M, et al. Meta-Analysis on Short-Term Exposure to Ambient Ultrafine Particles and Respiratory Morbidity. Eur Respir Rev (2020) 29(158):200116. doi:10.1183/16000617.0116-2020
 4. Morawska, L. White Paper-UFP Evidence for Policy Makers (2019). Available From: https://research.qut.edu.au/ilaqh/2019/11/08/white-paper-on-ambient-ultrafine-particle-evidence-for-policy-makers-published-on-the-efca-website/ (Accessed October 25, 2019). 
 5. Shirmohammadi, F, Sowlat, MH, Hasheminassab, S, Saffari, A, Ban-Weiss, G, and Sioutas, C. Emission Rates of Particle Number, Mass and Black Carbon by the Los Angeles International Airport (LAX) and Its Impact on Air Quality in Los Angeles. Atmos Environ (2017) 151:82–93. doi:10.1016/j.atmosenv.2016.12.005
 6. Hudda, N, Gould, T, Hartin, K, Larson, TV, and Fruin, SA. Emissions From an International Airport Increase Particle Number Concentrations 4-Fold at 10 Km Downwind. Environ Sci Technol (2014) 48(12):6628–35. doi:10.1021/es5001566
 7. Keuken, MP, Moerman, M, Zandveld, P, Henzing, JS, and Hoek, G. Total and Size-Resolved Particle Number and Black Carbon Concentrations in Urban Areas Near Schiphol Airport (the Netherlands). Atmos Environ (2015) 104:132–42. doi:10.1016/j.atmosenv.2015.01.015
 8. Lopes, M, Russo, A, Monjardino, J, Gouveia, C, and Ferreira, F. Monitoring of Ultrafine Particles in the Surrounding Urban Area of a Civilian Airport. Atmos Pollut Res (2019) 10(5):1454–63. doi:10.1016/j.apr.2019.04.002
 9. Masiol, M, Harrison, RM, Vu, TV, and Beddows, DCS. Sources of Sub-Micrometre Particles Near a Major International Airport. Atmos Chem Phys (2017) 17(20):12379–403. doi:10.5194/acp-17-12379-2017
 10. Rose, D, and Jacobi, S. Zwischenbericht zur Untersuchung der regionalen Luftqualität auf ultrafeine Partikel im Bereich des Flughafens Frankfurt. Wiesbaden: Hessisches Landesamt für Naturschutz, Umwelt und Geologie (2018). Available From: https://www.hlnug.de/fileadmin/dokumente/luft/sonstige_berichte/ufp/1._Zwischenbericht_HLNUG_Ultrafeinstaub_final_Korrigendum_20180619.pdf (Accessed August 26, 2022). 
 11. Stacey, B. Measurement of Ultrafine Particles at Airports: A Review. Atmos Environ (2019) 198:463–77. doi:10.1016/j.atmosenv.2018.10.041
 12. Stafoggia, M, Cattani, G, Forastiere, F, Di Menno Bucchianico, A, Gaeta, A, and Ancona, C. Particle Number Concentrations Near the Rome-Ciampino City Airport. Atmos Environ (2016) 147:264–73. doi:10.1016/j.atmosenv.2016.09.062
 13. Dylla, H, Hassan, MM, Schmitt, M, Rupnow, T, Mohammad, LN, and Wright, E. Effects of Roadway Contaminants on Titanium Dioxide Photodegradation of Nitrogen Oxides. Transportation Res Rec (2011) 2240(1):22–9. doi:10.3141/2240-04
 14. Hofman, J, Staelens, J, Cordell, R, Stroobants, C, Zikova, N, Hama, S, et al. Ultrafine Particles in Four European Urban Environments: Results From a New Continuous Long-Term Monitoring Network. Atmos Environ (2016) 136:68–81. doi:10.1016/j.atmosenv.2016.04.010
 15. Hudda, N, Durant, LW, Fruin, SA, and Durant, JL. Impacts of Aviation Emissions on Near-Airport Residential Air Quality. Environ Sci Technol (2020) 54(14):8580–8. doi:10.1021/acs.est.0c01859
 16. Jonsdottir, HR, Delaval, M, Leni, Z, Keller, A, Brem, BT, Siegerist, F, et al. Non-Volatile Particle Emissions From Aircraft Turbine Engines at Ground-Idle Induce Oxidative Stress in Bronchial Cells. Commun Biol (2019) 2(1):90. doi:10.1038/s42003-019-0332-7
 17. Bendtsen, KM, Brostrøm, A, Koivisto, AJ, Koponen, I, Berthing, T, Bertram, N, et al. Airport Emission Particles: Exposure Characterization and Toxicity Following Intratracheal Instillation in Mice. Part Fibre Toxicol (2019) 16(1):23. doi:10.1186/s12989-019-0305-5
 18. He, R-W, Gerlofs-Nijland, ME, Boere, J, Fokkens, P, Leseman, D, Janssen, NA, et al. Comparative Toxicity of Ultrafine Particles Around a Major Airport in Human Bronchial Epithelial (Calu-3) Cell Model at the Air–Liquid Interface. Toxicol Vitro (2020) 68:104950. doi:10.1016/j.tiv.2020.104950
 19. Janssen, NA, Hoekstra, J, Houthuijs, D, Jacobs, J, Nicolaie, A, and Strak, M. Effects of Long-Term Exposure to Ultrafine Particles From Aviation Around Schiphol Airport. RIVM rapport 2022-0068 (2022). Available From: https://rivm.openrepository.com/handle/10029/625854 (Accessed August 26, 2022). 
 20. Lammers, A, Janssen, NAH, Boere, AJF, Berger, M, Longo, C, Vijverberg, SJH, et al. Effects of Short-Term Exposures to Ultrafine Particles Near an Airport in Healthy Subjects. Environ Int (2020) 141:105779. doi:10.1016/j.envint.2020.105779
 21. Selley, L, Lammers, A, Le Guennec, A, Pirhadi, M, Sioutas, C, Janssen, N, et al. Alterations to the Urinary Metabolome Following Semi-Controlled Short Exposures to Ultrafine Particles at a Major Airport. Int J Hyg Environ Health (2021) 237:113803. doi:10.1016/j.ijheh.2021.113803
 22. Wing, SE, Larson, TV, Hudda, N, Boonyarattaphan, S, Fruin, S, and Ritz, B. Preterm Birth Among Infants Exposed to In Utero Ultrafine Particles From Aircraft Emissions. Environ Health Perspect (2020) 128(4):47002. doi:10.1289/EHP5732
 23. Wing, SE, Larson, TV, Hudda, N, Boonyarattaphan, S, Del Rosario, I, Fruin, S, et al. Aircraft Noise and Vehicle Traffic-Related Air Pollution Interact to Affect Preterm Birth Risk in Los Angeles, California. Sci Total Environ (2022) 829:154678. doi:10.1016/j.scitotenv.2022.154678
 24. Møller, KL, Brauer, C, Mikkelsen, S, Bonde, JP, Loft, S, Helweg-Larsen, K, et al. Cardiovascular Disease and Long-Term Occupational Exposure to Ultrafine Particles: A Cohort Study of Airport Workers. Int J Hyg Environ Health (2020) 223(1):214–9. doi:10.1016/j.ijheh.2019.08.010
 25. Hudda, N, Simon, MC, Zamore, W, and Durant, JL. Aviation-Related Impacts on Ultrafine Particle Number Concentrations Outside and Inside Residences Near an Airport. Environ Sci Technol (2018) 52(4):1765–72. doi:10.1021/acs.est.7b05593
 26. Habre, R, Zhou, H, Eckel, SP, Enebish, T, Fruin, S, Bastain, T, et al. Short-Term Effects of Airport-Associated Ultrafine Particle Exposure on Lung Function and Inflammation in Adults With Asthma. Environ Int (2018) 118:48–59. doi:10.1016/j.envint.2018.05.031
 27. Oravisjärvi, K, Pietikäinen, M, Ruuskanen, J, Rautio, A, Voutilainen, A, and Keiski, RL. Effects of Physical Activity on the Deposition of Traffic-Related Particles Into the Human Lungs In Silico. Sci Total Environ (2011) 409(21):4511–8. doi:10.1016/j.scitotenv.2011.07.020
 28. da Costa, E, Oliveira, JR, Base, LH, de Abreu, LC, Filho, CF, Ferreira, C, et al. Ultrafine Particles and Children's Health: Literature Review. Paediatr Respir Rev (2019) 32:73–81. doi:10.1016/j.prrv.2019.06.003
 29. Schraufnagel, DE, Balmes, JR, Cowl, CT, de Matteis, S, Jung, S-H, Mortimer, K, et al. Air Pollution and Noncommunicable Diseases: A Review by the Forum of International Respiratory Societies' Environmental Committee, Part 1: The Damaging Effects of Air Pollution. Chest (2019) 155(2):409–16. doi:10.1016/j.chest.2018.10.042
 30. Berlin. de. Monitoring Soziale Stadtentwicklung Berlin 2019/Land Berlin (2022). Available From: https://www.stadtentwicklung.berlin.de/planen/basisdaten_stadtentwicklung/monitoring/de/2019/karten.shtml (Accessed August 26, 2022). 
 31. Berlin.de. Strategische Lärmkarten - Berlin.de (2021). Available From: https://www.berlin.de/umweltatlas/verkehr-laerm/laermbelastung/ (Accessed August 26, 2022). 
 32. American Thoracic Society, European Respiratory SocietyEuropean Respiratory Society. ATS/ERS Recommendations for Standardized Procedures for the Online and Offline Measurement of Exhaled Lower Respiratory Nitric Oxide and Nasal Nitric Oxide. Amer J Respir Crit Care Med (2005) 171(8):912–30. doi:10.1164/rccm.200406-710ST
 33. Nelson, CA, Monk, CS, Lin, J, Carver, LJ, Thomas, KM, and Truwit, CL. Functional Neuroanatomy of Spatial Working Memory in Children. Dev Psychol (2000) 36(1):109–16. doi:10.1037//0012-1649.36.1.109
 34. Vuontela, V, Steenari, M-R, Carlson, S, Koivisto, J, Fjällberg, M, and Aronen, ET. Audiospatial and Visuospatial Working Memory in 6–13 Year Old School Children. Learn Mem (2003) 10(1):74–81. doi:10.1101/lm.53503
 35. Casey, BJ, Cohen, JD, Jezzard, P, Turner, R, Noll, DC, Trainor, RJ, et al. Activation of Prefrontal Cortex in Children During a Nonspatial Working Memory Task With Functional MRI. NeuroImage (1995) 2(3):221–9. doi:10.1006/nimg.1995.1029
 36. Rueda, M, Fan, J, McCandliss, BD, Halparin, JD, Gruber, DB, Lercari, LP, et al. Development of Attentional Networks in Childhood. Neuropsychologia (2004) 42(8):1029–40. doi:10.1016/j.neuropsychologia.2003.12.012
 37. Psychology Software Tools. Solutions for Research, Assessment, and Education E-Prime® | Psychology Software Tools (2017). Available From: https://pstnet.com/products/e-prime/ (Accessed August 26, 2022). 
 38. Tremper, AH, Jephcote, C, Gulliver, J, Hibbs, L, Green, DC, Font, A, et al. Sources of Particle Number Concentration and Noise Near London Gatwick Airport. Environ Int (2022) 161:107092. doi:10.1016/j.envint.2022.107092
 39. Hsu, H-H, Adamkiewicz, G, Houseman, EA, Spengler, JD, and Levy, JI. Using Mobile Monitoring to Characterize Roadway and Aircraft Contributions to Ultrafine Particle Concentrations Near a Mid-Sized Airport. Atmos Environ (2014) 89:688–95. doi:10.1016/j.atmosenv.2014.02.023
 40. Fritz, S, Grusdat, F, Sharkey, R, and Schneider, C. Impact of Airport Operations and Road Traffic on the Particle Number Concentration in the Vicinity of a Suburban Airport. Front Environ Sci (2022) 10:887493. doi:10.3389/fenvs.2022.887493
 41. Yang, Z, Freni-Sterrantino, A, Fuller, GW, and Gulliver, J. Development and Transferability of Ultrafine Particle Land Use Regression Models in London. Sci Total Environ (2020) 740:140059. doi:10.1016/j.scitotenv.2020.140059
 42. VanderWeele, TJ. Marginal Structural Models for the Estimation of Direct and Indirect Effects. Epidemiology (2009) 20(1):18–26. doi:10.1097/EDE.0b013e31818f69ce
 43. Hüls, A, Krämer, U, Gappa, M, Müller-Brandes, C, Seitner-Sorge, G, von Berg, A, et al. New Spirometric Reference Values for Children and Adolescents in Germany Considering Height and Non-Linear Age Effects: The LUNOKID-Study. Pneumologie (2013) 67(3):141–9. doi:10.1055/s-0032-1326090
 44. McCreanor, J, Cullinan, P, Nieuwenhuijsen, MJ, Stewart-Evans, J, Malliarou, E, Jarup, L, et al. Respiratory Effects of Exposure to Diesel Traffic in Persons With Asthma. N Engl J Med (2007) 357(23):2348–58. doi:10.1056/NEJMoa071535
 45. Tasmin, S, Ng, CFS, Stickley, A, Md, N, Saroar, G, Yasumoto, S, et al. Effects of Short-Term Exposure to Ambient Particulate Matter on the Lung Function of School Children in Dhaka, Bangladesh. Epidemiology (2019) 30(1):S15–S23. doi:10.1097/EDE.0000000000001012
 46. Xu, D, Chen, Y, Wu, L, He, S, Xu, P, Zhang, Y, et al. Acute Effects of Ambient PM2.5 on Lung Function Among Schoolchildren. Sci Rep (2020) 10(1):4061. doi:10.1038/s41598-020-61003-4
 47. Stationäre Messungen am BER. Available From: https://corporate.berlin-airport.de/de/umwelt/fluglaerm/messung-und-travis/stationaere-messungen-am-ber.html (2023).
 48. Messungen Tegel (Archiv). Available From: https://corporate.berlin-airport.de/de/umwelt/fluglaerm/messung-und-travis/messungen-tegel-archiv.html (2023).
 49. WHO. Air Pollution and Child Health: Prescribing Clean Air (2018). Available From: https://www.who.int/publications/i/item/WHO-CED-PHE-18-01 (Accessed July 10, 2018). 
 50. Lange, P, Celli, B, Agustí, A, Boje Jensen, G, Divo, M, Faner, R, et al. Lung-Function Trajectories Leading to Chronic Obstructive Pulmonary Disease. N Engl J Med (2015) 373(2):111–22. doi:10.1056/NEJMoa1411532
 51. Calderón-Garcidueñas, L, Torres-Jardón, R, Kulesza, RJ, Park, S-B, and D'Angiulli, A. Air Pollution and Detrimental Effects on Children's Brain. The Need for a Multidisciplinary Approach to the Issue Complexity and Challenges. Front Hum Neurosci (2014) 8:613. doi:10.3389/fnhum.2014.00613
 52. Bundesamt für Strahlenschutz, Bundesinstitut für Risikobewertung, Robert Koch-Institut, and Umweltbundesamt. UMID: Umwelt + Mensch Informationsdienst (2018). Available From: https://www.umweltbundesamt.de/sites/default/files/medien/4031/publikationen/uba_birmili.pdf (Accessed December 14, 2022). 
 53. Hoffmann, B, Boogaard, H, de Nazelle, A, Andersen, ZJ, Abramson, M, Brauer, M, et al. WHO Air Quality Guidelines 2021-Aiming for Healthier Air for All: A Joint Statement by Medical, Public Health, Scientific Societies and Patient Representative Organisations. Int J Public Health (2021) 66:1604465. doi:10.3389/ijph.2021.1604465
 54. World Health Organization. Air Quality Guidelines Global Update 2005: Particulate Matter, Ozone, Nitrogen Dioxide and Sulfur Dioxide (2006). Available From: http://www.euro.who.int/__data/assets/pdf_file/0005/78638/E90038.pdf?ua=1 (Accessed May 26, 2020). 
 55. European Parliament, Council of the European Union. Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on Ambient Air Quality and Cleaner Air for Europe. Official J Eur Union (2008) 152:1–44. 
GLOSSARY
 | 
[image: ]Conflict of Interest: Author SaL was employed by the company Cardinal Health Real-World Evidence and Insights.
The remaining authors declare that they do not have any conflicts of interest.
Copyright © 2023 Soppa, Lucht, Ogurtsova, Buschka, López-Vicente, Guxens, Weinhold, Winkler, Wiedensohler, Held, Lüchtrath, Cyrys, Kecorius, Gastmeier, Wiese-Posselt and Hoffmann. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/ijph-68-1606096-t001.jpg
Site

1 RKD

2 TUB

3 HUB

4 BDF

5 SFX

6 UFB

7 BFM

Location

Reinickendorf, 4 km east of TXL

Urban background (rooftop),

6.7 km southeast of TXL

Urban background (rooftop),

6.5 km north of SFX/BER
Bohnsdorf, 6 km north-east of the
BER terminal

SFX air field

Blankenfelde-Mahlow, 5 km west
of the BER terminal
Blankenfelde-Mahlow, 5 km west
of the BER terminal

Time PerioD
July 2020-June 2021
March 2017-March 2022
January 2020-ongoing
PSD measurements since
March 2018-ongoing
PSD measurements since
October 2016-ongoing
June 2021-October 2022

May 2020-ongoing

Operated by

BEAR Consortium (TROPOS)
Technische Universitat Braunschweig
Humboldt University Beriin

Airport Berlin Brandenburg GmbH
Airport Berlin Brandenburg GmbH
ULTRAFLEB (TROPOS)

Network monitoring station of the
Brandenburg Environment Agency

Measurement program

PNC (7 < D), PSD (10 < D, < 800 nm), eBC,
PMy0, PMz5, NOy, NOz, O, CO
PSD (6 < D, < 560 nm)

PNC (7 < Dg), PMyo, PM;.5, PM;, meteorology

PSD (5 < Dy < 1,004 nm), PMyq, PMy 5, NO,
NO,, Os, CO, meteorology

PSD (5 < D, < 1,094 nm), PMyo, PMy 5, BC,
NOy, NO,, Os, CO, meteorology

PNC (7 < Dy, PSD (10 < D, < 800 nm)

PNC (7 < Dy), €BC, PMyq, PM; 5, NOy, NO2,
05, CO





OPS/images/ijph-68-1606096-t002.jpg
Study area Elementary school (district of Berlin/municipality of Brandenburg) N included

Control Area (CA) CA-1 (Berlin-Johannistha)) )
GA-2 (Berlin-Oberschoneweide) 64
CA-3 (Berlin-Neuksin) 67
TLX TLX-1 (Berlin-Reinickendorf) 90
TLX-2 (Beriin-Reinickendor) %
TLX-3 (Beriin-Reinickendorf) 111
SFX/BER BER-1 (Berlin-Bohnsdor) 146
BER-2 (Beriin-Altglienicke) 64
BER-3 (Schuizendorf, Brandenburg) 67
BER-4 (Eichwalde, Brandenburg) 54
BER-5 (Schonefeld, Brandenburg) 52
BER-6 (Schonefeld, Brandenburg) 42
BER-7 (Blankenfelde-Mahiow, Brandenburg) 33
BER-8 (Blankenfelde-Mahiow, Brandenburg) 32
BER-9 (Blankenfelde-Mahiow, Brandenburg) 16
BER-10 (Blankenfelde-Mahlow, Brandenburg) 49

Total 1,070





OPS/images/ijph-68-1606096-g002.gif
Aurtratiicin Serin






OPS/images/ijph-68-1606096-g003.gif
‘Baseline heallh examinations:

Sl dosres e is 19
mtedschossag de o Cov 19





OPS/xhtml/nav.xhtml
Contents

		Cover

		The Berlin-Brandenburg Air Study—A Methodological Study Paper of a Natural Experiment Investigating Health Effects Related to Changes in Airport-Related Exposures		Introduction

		Methods		Study Design

		Health Examinations

		Air Pollution Assessment

		Planned Analyses

		Short-Term Analyses

		Long-Term Analyses

		Source-Specific Analyses

		Mediation Analysis

		Sample Size Calculation





		Results		Design Adaptations Due to the COVID-19 Pandemic





		Discussion

		Ethics Statement

		Author Contributions

		Funding

		Acknowledgments

		Supplementary Material

		References

		Glossary









OPS/images/cover.jpg
I:‘:'
SSPH+

) 1UPH

The Berlin-Brandenburg Air
Study —A Methodological Study
Paper of a Natural Experiment
Investigating Health Effects
Related to Changes in Airport-
Related Exposures





OPS/images/ijph-68-1606096-001.jpg
AC arcraft
AC-UFP  aircraft related ultrafine particles

AP air polution
ATS American Thoracic Society

BEAR  Berlin-Brandenburg Air Study

BER Berlin-Brandenburg Airport

BC Black Carbon

BDF Bohnsdorf

BFM Blankenfelde-Mahiow

CA Control Area

cPC condensation particle counter

ERS European Respiratory Society

FBB Flughafen Beriin Brandenburg GrmbH
FEV, forced expiratory volume in 1 s

FVC forced vital capacity

HEI Health Effects Institute

HUB Humboldt Universitat zu Beriin

KIND-L  Revidierter Fragebogen fiir KINDer und Jugendiiche zur Erfassung der
gesundheitsbezogenen ebensqualitit

LAX Los Angeles International Airport

NDVI normalized difference vegetation index

NO. nitrogen dioxide

PM particulate matter

PMo ¢ particulate matter with an aerodynamic diameter <0.1 pm
PMos  particulate matter with an aerodynamic diameter <2.5 pm
PMso particulate matter with an aerodynamic diameter <10 pm
PNC particle number concentration

PSD particle size distribution

RKD Reinickendorf

SES socioeconomic-status

SFX Berlin-Schonefeld Airport

TROPOS  Leibriz Institute for Tropospheric Research

TUB Technische Universitét Braunschweig

TXL Beriin-Tegel Arport

UFP ultrafine particles

UFB ULTRAFLEB, Ultrafeinstaubbelastung durch Flughéfen in Berlin





OPS/images/ijph-68-1606096-g001.gif
S e o | Sy e |
L e ey e e s

N g |
[(E= =

[emmms | [ ] (e |
=R










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
€ IJPH

S S P H 5 SEHOOL o





