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The present paper focuses on PM10 particulate matter emission’s impact on air quality in the Bucharest-Ilfov region, induced by transport sector’s activities, to improve the environmental requirements of the inhabitants. PM10 data were analyzed as pollutants from transport domain, from eight monitoring stations located in the urban area, between 2019-2023. During the study it was observed that in the peri-urban areas, the PM10 concentrations were lower and no exceedances of the limits of these pollutants were registered.  
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1. Introduction

Recently, the growing awareness of the effects of environmental pollution, mainly caused by activities in the transport sector, has led to a focus on this question. Recent studies indicated that the entire transport sector contributes 21% of total CO2 emissions, and road transport accounts for 15% of these emissions. It is also specified that road trips account for three-quarters of the emissions sourcing from transport, of which 45.1% from the passenger vehicles, the rest from cargo trucks [1 - 4].  The transport industry provides essential mobility services for people and products at national and international level; in addition, it stimulates trade and business by enabling goods and people to be easily transferred between different regions and countries without distance constraints; though, the transport sector's activity has negative impacts on the environment and human health [5].
Air pollution is one of the major concerns, with greenhouse gas emissions constantly increasing, contributing to the global warming effect and compromising the European Union's targets, to reduce emissions up to 55% by 2030, compared to 1990 levels, and to achieve zero net emissions by 2050 [6]. 

EU greenhouse gas emissions were reduced by 24% between 1990 and 2019, while the economy expanded by 60% during the same period. Furthermore, between 2000 and 2021, particulate matter (PM10 and PM2,5) emissions from the transportation sector for 27 EU Member States decreased by 47% and 56% respectively [6,7]. Particulate matter (PM) is generated by internal combustion engines [8,9]. These particles represent a serious concern because it can induce significant ad-verse effects on the environment and human health. PM10 is one of the main pollutants associated with air pollution costs [11-13]. In addition, through short-term and long-term exposure to PM10, health costs started to rise due to increased human morbidity and mortality rates [14]. Currently, studies are being carried out, which indicate that housing prices are influenced by air pollution and especially by PM10 [15,16]. These particles are fine enough to be inhaled, so they can deeply penetrate the respiratory system, which can cause a variety of health damages such as: asthma, chronic bronchitis and other pulmonary pathologies. In the transportation industry they are generated by traffic emissions, industrial activities and fuel combustion. Long exposure to these particles can aggravate cardiovascular risks and impact vulnerable people including children, the aged and others with pre-existing disorders [17-20]. Monitoring atmospheric PM levels is a pressing requirement to secure public health, considering that these particles also contain heavy metals [10, 21]. The existing studies that analysed the effects of PM2,5 and PM10 on human health in Central -Eastern Europe and in Romania are not focused on this evaluation [22-24]. 
Bucharest has the largest public transportation network in Romania and one of the largest in Europe. To this are added road, rail and air transport hubs. The public transport network is split into a metro system, combined with three modes of surface transport: trams, buses and trolleybuses [25]. The covered area by public transport in Bucharest is 1335 km2, of which 240 km2 are in the urban area. The length of Bucharest's public transport network (double track) is 726 km, of which 136 km are trams, 72 trolleybuses and 722 buses (422 in the metropolitan area and 300 in the regional zone). The total number of vehicles operated by STB - S.A. is 2432, corresponding to 1640 buses, 527 trams and 265 trolleybuses, which operates 1.071 million passenger trips [26]. As a rule, when the background concentration is high, the relative number of emissions is low and vice versa, which limits the effect of the measures when the background concentrations are high. [27, 28] An advanced indicator of the parameter's characterization in terms of the environmental impact of PM is their composition, which can provide insights about the source of emission in different locations and the dynamics of the particles in the atmosphere [29]. They can be long-distanced but can also impact on the local area in which they are produced. 
This study has included a comprehensive analysis of PM10 emissions, focusing on the Bucharest-Ilfov region in the period 2019-2023, in the context that a relevant number of cars generates daily traffic jams in this area, significantly contributing to air pollution. As a result, the effects of PM emissions on the urban environment and its inhabitants were analysed, pointing out the urgency of specific actions and environ-mental policies to mitigate all negative impacts.

2. Materials and Methods
PM10 are particulate matter which are passing through a sorting grid as defined in SR EN 12341, which is the reference method for the measurement and monitoring of PM10, with a sampling efficiency of 50% for aerodynamic diameter of 10 or 2.5µ, as applicable [30]. In accordance with Annex 3 of Law no. 104 of 2011 on Ambient Air Quality the PM10 concentration is determined by reference to the lower assessment limit, with the value of 25 µg/m³ - the daily average not to be exceeded more than 35 times in a year calendar and 20 µg/m³ - the annual average; the upper assessment threshold, with a value of 35 µg/m³ - daily mean not to be exceeded more than 35 times in any calendar year and 28 µg/m³ - annual mean; daily limit value 50 µg/m³, not to be exceeded more than 35 times in any calendar year; annual limit value 40 µg/m³, as set out in Table 1 below.
Table 1 
PM limit thresholds according to Law 104 of June 15, 2011, on Ambient Air Quality
	PM
	Daily average
	Annual average
	Limit value

	
	Upper
limit
	Lower
limit
	Upper
limit
	Lower
limit
	Annual

	PM10
	35 µg/m³*
	25 µg/m³*
	28 µg/m³
	20 µg/m³
	40 µg/m³


*Daily average not to be exceeded more than 35 times in a calendar year

The data collected by the air quality monitoring stations were downloaded from the government-owned and managed website to facilitate public accessibility to this information.
The collected data from the previously mentioned monitoring stations was performed for the interval January 1, 2019, 00:00 - January 1, 2024, 00:00, from a total of 8 stations, located in the Bucharest - Ilfov area. The location of the 8 stations is presented in Fig. 1.
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Fig.1. The map location of PM10 measurement stations in the Bucharest-Ilfov area
The hourly results were analyzed for data processing. With these calculated values, daily values, annual values, hourly running averages, daily averages or annual averages were calculated in accordance with Ambient Air Quality Law. 

3. Results and discussions
The daily average value for the lower threshold value for PM10 concentration assessment is 25 µg/m³ - level not to be exceeded more than 35 times in a calendar year. Fig. 2 illustrates the graph with the number of exceedances of the lower assessment threshold of the daily average at the 8 monitoring stations for the 2019-2023 interval. By analyzing this graph, it can be noticed that not only that the value of 25 µg/m³ was annually exceeded at all the monitoring stations, but this value was also exceeded more than 35 times in a single calendar year, during the 5 years of monitoring.


Fig. 2. PM10 - Exceedances of the lower assessment limit of the daily average in the Bucharest-Ilfov area, in the period 2019-2023
The maximum number of captured exceedances was at the B3 monitoring station in 2019, with a value of 241, which is 206 times above the threshold limit of 35 exceedances. This represents a 589% exceedance of the lower assessment limit for the daily average by 589% of the maximum number of exceedances. 
B8 monitoring station, which is located in a rural area close to the Snagov forest, has the lowest monitoring results. The minimum recorded value is 49 µg/m³, which corresponds to a 40% exceedance of the daily average, compared with the maximum number of exceedances allowed. The proximity to a natural habitat such as the Snagov Forest can reduce pollution emissions. The lush vegetation in the forest is essential for purifying the air, as it can absorb specific pollutants and reduce their concentration in the atmosphere. Furthermore, rural areas are generally also less exposed to heavy sources of pollution, such as motorized traffic or industrial activities, which are typical for urban regions. Moreover, in the specific conditions of rural areas, air circulation is often more favorable, allowing the dispersion of pollutants and thus contributing to maintaining a improved air quality. 
Fig. 3 presents the graph of the annual average concentration of PM10 with the lower assessment limit of 20 µg/m³, as reference. By analyzing the data from 2019-2023, it can be concluded that this limit value was exceeded at monitoring stations B1 - B7. The maximum concentration was registered in 2019 at monitoring station B3, with a value of 35.69 µg/m³, which represents a 78% exceedance of the annual lower assessment threshold limit. Furthermore, the reported values at station B8, which is located in a rural area, are substantially below. This station exceeded the lower assessment limit only in 2019, with a value of 21.33 µg/m³, which is 7% above the lower assessment limit. Between 2020-2023, the lower assessment limit for the annual average concentration was not exceeded and the lowest value registered was 17.89 µg/m³, in 2022.


Fig. 3. PM10 - Exceedances of the annual average lower assessment threshold in the Bucharest-Ilfov area, between 2019 and 2023
For the upper assessment limit we have a limit of 35 µg/m³ for the daily average which should not be exceeded more than 35 times in a calendar year.

Fig. 4. PM10 - Exceedances of the upper assessment threshold of the daily average in the Bucharest-Ilfov region, in the period 2019-2023

By examining the data in the Fig. 4 chart for the period 2019-2023, we can conclude that monitoring stations B1 to B7 recorded the maximum number of exceedences of the upper assessment threshold of the daily average of 35 µg/m³. This maximum value was achieved by a total of 154 exceedances registered at station B3 in 2019, which represents a 345% exceedance of the maximum admissible number of 35 exceedances. The lowest concentration registered was captured at station B8, where no exceedances of the upper assessment threshold for the daily average were detected in 2019-2023, with a value of 16 µg/m³.
The lowest recorded concentration value was 16 µg/m³ at station B8, which did not exceed the upper assessment threshold for the daily average during 2019-2023. For the upper assessment threshold we have a limit of 28 µg/m³ for the annual average.


Fig. 5. PM10 - Exceedances of the upper assessment threshold of the annual average in the Bucharest-Ilfov region, during 2019-2023
For the 2019-2023 period, exceedances of the upper assessment threshold for the annual mean at monitoring station B1 were registered in 2019 only, with a value of 28.21 µg/m³ (1%), and in 2020, with a concentration of 29.21 µg/m³ (4%). In the 2021-2023 period, the annual mean concentrations did not exceed this limit. At monitoring station B3, the limit was exceeded each year, with a maximum value of 35.69 µg/m³ (27%) reported in 2019.
At station B5, the limit value was exceeded in 2019 only, with a concentration of 30.04 µg/m³ (7%). At station B6, the limit was exceeded in 2019, with a value of 34.41 µg/m³ (23%), in 2020, with a concentration of 28.87 µg/m³ (3%), and between 2021-2023, the limit was not exceeded. Furthermore, for 2019-2023 the limit value was also not exceeded at stations B2, B4, B7 and B8. 
For the daily limit value we have a limit of 50 µg/m³, which should not be allowed to be exceeded more than 35 times in a calendar year. Fig. 6 contains the estimated number of exceedances of the limit value for the daily mean of 50 µg/m³.


Fig. 6. PM10 - Exceedances of the daily limit value in Bucharest - Ilfov, in the period 2019-2023
By analyzing the graph in Fig. 6, we can identify an alarming situation in terms of achieving conformity with the daily average concentration limit values in 2019, especially at stations B3 and B6, where a significant number of exceedances were recorded. At station B3, the number of exceedances was 31% over the limit, and also at B6 by 9%. However, in the further period, specifically for the period 2020-2023, we have an evident significant improvement, by reporting lower values of 23 exceedances. These results imply a positive trend in air quality management in such areas, revealing the necessity to continue the monitoring and implementation of pollution control measures. 


Fig. 7. PM10 - Annual limit vale in the Bucharest-Ilfov area, in the reporting period 2019-2023
[bookmark: page3]The graph in Fig. 7 illustrates the annual average concentrations of PM10 particulate matter in the air from 2019 to 2023. The data suggest a moderate decreasing trend in PM10 concentrations in time. This hints an improvement in air quality. There are significant fluctuations between PM10 concentrations at different monitoring stations. For example, station B3 has the maximum values, while station B8 has the lowest values. However, none of these stations has exceeded the annual limit exceedance value. 
For the upper assessment limit for the annual average, the data analyzed had identified substantial gaps. Particularly, stations B1, B3, B5 and B6 reported exceedances of the upper assessment threshold for the annual average, which indicates a persistent problem in air pollution management. In contrast, stations B2, B4, B7, and B8 all reported no exceedances of the annual limit, with a substantial improvement of air quality in these locations.
For the annual limit value, PM10 concentrations in the air indicate a descending trend, which suggests a significant improvement of air quality. Despite the notable fluctuations between the measured values at the different monitoring stations, with B3 station registering the highest concentrations and B8 station the lowest, the results are encouraging, no exceedances were reported at any of these stations of the annual limit of 40 µg/m³. The downward trend of PM10, burst out during pandemic COVID19 period, when most of the employees had started remote working and continued to practice hybrid work. Moreover, S.T.B. - S.A. has expanded and upgraded its fleet (43%), with electric buses, EURO 6 buses, new trams and new trolleybuses over the last 4 years. [26]. 
This reveals the significant impact of PM10 emissions on air quality in the Bucharest-Ilfov region, inflicted by activities from the transportation sector, which generate frequent exceedances of the agreed emission limit thresholds. The survey results suggest a concerning pattern of air pollution which has a direct impact on public health. In addition to this, it was marked that monitoring stations from the rural areas, such as station B8, registered significantly diminished pollution levels.

4. Conclusions
The objective of this research was to evaluate the impact of PM10 emissions on the environment and public health and to identify viable solutions to minimize its impact.
The analysis of the PM10 monitoring data from the eight stations reported an increase in concentrations, according to the specific location of the stations and the dominant pollution sources in the area. PM10 concentrations were significantly exceeded in urban areas, with an intense traffic emission (B3, B6) and in industrial areas (B4, B5). This confirms the major impact of traffic and industrial emissions on air quality. The stations located in areas with background emissions (B1, B7), and particularly station B8 in rural areas, presented eloquent lowered PM10 concentrations. The study recommends the necessity to apply specific emission monitoring strategies, focused on the specific area characteristics and prevailing sources of pollution, to improve the air quality and preserve the human health.
The year 2019 had the maximum PM10 concentrations, while 2023 had the lowest concentrations. The descending trend for PM10 concentrations strongly indicates a modest improvement of air quality during the analyzed period. The present analysis is exclusively based on PM10 concentration data; a more detailed analysis of the data, considering factors such as: the area specificity, the industry type, traffic volume, the meteorological conditions and other relevant parameters would be required to achieve a complete stance for urban renewal. Based on the results of the 2019-2023 evaluation, the authorities should be able to assess the results and identify efficient policies and regulations to reduce the greenhouse gas emissions from transport and to limit its negative environmental impacts: continuing the procurement of clean, environmentally friendly vehicles, upgrading the tram infrastructure, retrofitting tram depots for electric bus charging stations.
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PM10 - The lower assesement threshold - 20 µg/m³   
ANNUAL AVERAGE Concentration

2019	
B1	B2	B3	B4	B5	B6	B7	B8	28.812187500000011	26.754135802469129	35.6907142857143	27.687407407407413	30.035523465703978	34.406123076923045	26.69653846153847	21.326986754966867	2020	B1	B2	B3	B4	B5	B6	B7	B8	29.208143322475546	24.352344827586201	32.198153846153851	26.49426229508196	27.25257142857145	28.87483483483485	23.891754966887408	19.643463855421675	2021	B1	B2	B3	B4	B5	B6	B7	B8	25.838925373134316	23.906607669616509	30.769939577039278	25.216122448979583	25.99725075528702	27.045865724381606	24.547236024844715	18.922195845697338	2022	
B1	B2	B3	B4	B5	B6	B7	B8	25.116089743589725	23.374102564102564	30.010566666666666	24.856787709497205	24.987290969899664	26.450850439882686	27.907112676056339	17.888073089701006	2023
Annual limit value	B1	B2	B3	B4	B5	B6	B7	B8	24.494849498327746	22.195722222222216	29.143135313531342	23.543660714285721	25.725231213872824	23.934125412541235	18.777325581395345	
µg/m³  




PM10 - number of the exceedances of the upper assesment threshold 
Daily average

2019	
B1	B2	B3	B4	B5	B6	B7	B8	83	66	154	67	75	129	45	26	2020	B1	B2	B3	B4	B5	B6	B7	B8	79	39	83	55	64	76	55	28	2021	B1	B2	B3	B4	B5	B6	B7	B8	63	50	109	48	64	58	50	26	2022	
B1	B2	B3	B4	B5	B6	B7	B8	57	44	75	51	47	60	65	16	2023
Maximum number of exceedances	B1	B2	B3	B4	B5	B6	B7	B8	49	49	73	48	70	39	25	
µg/m³  




PM10 - The upper assessment threshold - 28 µg/m³  anual average concentration 

2019	
B1	B2	B3	B4	B5	B6	B7	B8	28.812187500000011	26.754135802469129	35.6907142857143	27.687407407407413	30.035523465703978	34.406123076923045	26.69653846153847	21.326986754966867	2020	
B1	B2	B3	B4	B5	B6	B7	B8	29.208143322475546	24.352344827586201	32.198153846153851	26.49426229508196	27.25257142857145	28.87483483483485	23.891754966887408	19.643463855421675	2021	B1	B2	B3	B4	B5	B6	B7	B8	25.838925373134316	23.906607669616509	30.769939577039278	25.216122448979583	25.99725075528702	27.045865724381606	24.547236024844715	18.922195845697338	2022	
B1	B2	B3	B4	B5	B6	B7	B8	25.116089743589725	23.374102564102564	30.010566666666666	24.856787709497205	24.987290969899664	26.450850439882686	27.907112676056339	17.888073089701006	2023
Annual limit value	
B1	B2	B3	B4	B5	B6	B7	B8	24.494849498327746	22.195722222222216	29.143135313531342	23.543660714285721	25.725231213872824	23.934125412541235	18.777325581395345	
µg/m³  




PM10 - number of the exeedences of limit values 
Daily average - 50 µg/m³

2019	
B1	B2	B3	B4	B5	B6	B7	B8	23	23	46	18	19	38	11	7	2020	B1	B2	B3	B4	B5	B6	B7	B8	21	16	21	14	20	20	6	10	2021	B1	B2	B3	B4	B5	B6	B7	B8	15	13	23	11	17	16	15	7	2022	B1	B2	B3	B4	B5	B6	B7	B8	19	13	22	15	20	9	20	5	2023
Limit number of exceedances	B1	B2	B3	B4	B5	B6	B7	B8	7	13	20	6	10	4	4	
µg/m³  




PM10 - Annaul limit value - 40 µg/m³ - Annual average 

2019	B1	B2	B3	B4	B5	B6	B7	B8	28.812187500000011	26.754135802469129	35.6907142857143	27.687407407407413	30.035523465703978	34.406123076923045	26.69653846153847	21.326986754966867	2020	B1	B2	B3	B4	B5	B6	B7	B8	29.208143322475546	24.352344827586201	32.198153846153851	26.49426229508196	27.25257142857145	28.87483483483485	23.891754966887408	19.643463855421675	2021	B1	B2	B3	B4	B5	B6	B7	B8	25.838925373134316	23.906607669616509	30.769939577039278	25.216122448979583	25.99725075528702	27.045865724381606	24.547236024844715	18.922195845697338	2022	B1	B2	B3	B4	B5	B6	B7	B8	25.116089743589725	23.374102564102564	30.010566666666666	24.856787709497205	24.987290969899664	26.450850439882686	27.907112676056339	17.888073089701006	2023	B1	B2	B3	B4	B5	B6	B7	B8	24.494849498327746	22.195722222222216	29.143135313531342	23.543660714285721	25.725231213872824	23.934125412541235	18.777325581395345	
µg/m³  




The number of exceedaces of the lower assesment limit - daily average  

2019	
B1	B2	B3	B4	B5	B6	B7	B8	174	148	241	162	171	238	108	83	2020	B1	B2	B3	B4	B5	B6	B7	B8	162	101	158	132	129	166	113	68	2021	B1	B2	B3	B4	B5	B6	B7	B8	154	130	204	128	150	141	131	71	2022	
B1	B2	B3	B4	B5	B6	B7	B8	127	115	180	138	109	160	136	49	2023
The maximum allowable number of exceedances	B1	B2	B3	B4	B5	B6	B7	B8	108	101	181	124	149	120	74	
µg/m³  




image1.png




