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Abstract

:

The problem of the containment of fine dust (especially PM 2.5 and PM 10) emitted into the atmosphere is particularly acute, especially in industrialized countries. However, there are particular areas where it is still not adequately considered. One of these is the construction site sector. The aim of this work is to design a flexible, economical, and easy-to-use system, which allows for the detection of the emissions produced in critical circumstances such as the demolition of a building. To this end, a data logger and five customized nodes were designed through a five-step method. The data logger is able to transmit data to a PC, making them available in real time. The study was conducted on a reconstruction site in L’Aquila, Italy, a city severely affected by the earthquake in 2009, for two working days and a public holiday. Even if not presenting substantial critical issues in relation to the latter, the experimental results show that the emissions of PM 2.5 and PM 10 detected during the demolition activity far exceed, in some moments, the threshold values. In fact, peaks as high as about 123 μg/m3 for PM 2.5 and over 1000 μg/m3 for PM 10 have been detected.
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1. Introduction


The level of dust present in the air is an increasingly important problem in industrialized countries due to their impact on human life and the environment [1].



From the point of view of human health, they cause problems such as asthma, respiratory issues, and even cancer. From a more strictly environmental point of view, they have a major impact on global warming, thus worsening the quality of life.



The most dangerous are the so-called “fine particles”, in particular PM 10 (formed by particles with a diameter of less than 10 μm) and PM 2.5 (formed by particles with a diameter of less than 2.5 μm).



In this sense, both Europe and the World Health Organization (WHO) have set very specific limits. The European daily limit of PM 10 is 50 μg/m3, not to be exceeded more than 35 times a year with an annual average limit of 40 μg/m3. The WHO allows only three surpluses per year of the daily threshold of 50 μg/m3, lowering the annual average to 20 μg/m3. For PM 2.5, Europe sets a limit of 25 μg/m3 and the WHO sets a limit 10 μg/m3.



The presence of PM 2.5 and PM 10 is due, on the one hand, to natural phenomena (for example, forest fires); on the other hand, it is also due to the increasingly numerous presence of vehicles, industries, etc [2]. These aspects give importance to developing flexible, economical, and easy-to-use systems to control emissions in this second case. Systems with these characteristics are quite widespread in the literature, especially from the point of view of effective structural and environmental monitoring [3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23].



However, there is a field that is still too much neglected, that of construction sites. In fact, by carrying out a search through the Web of Science database, by inserting the keywords “construction site” and “dust pollution” from 1973 (the year in which the first document appears) to now, only 400 articles have been published. Among these, 333 have been published since 2005. The areas of greatest interest are those of environmental science and earth and planetary sciences, with 40.2% and 13.1%, respectively. Instead, the engineering field covers only 11.9% (Figure 1). An in-depth study of the state of the field was carried out precisely within this range, noting the presence of only 58 items.



Among the most recent, relating to the last two years (2021 and 2022), some are particularly interesting for the purposes of this paper. For example, in [24], the problem of the production of fine powders on site is addressed. In particular, a methodology is defined to reduce pollution from such dusts through the combined action of in situ measurements and application of the law of dust diffusion. It is also highlighted that research on the impact of PM on workers follows three main lines, namely the monitoring of powders, the control and prevention of the production of such powders during processing, and the effects on health. Instead, paper [25] aims to highlight the potential of the use of Internet of Things sensors for monitoring as support visualization in construction. Additionally, in [26] a high importance is given to the monitoring of construction site dust to support political decision-makers in their choices. To this end, a dust detection method for a construction site is tested. This method is based on a prior knowledge min-max k-means clustering algorithm. Then, paper [27] focuses on fine dust risk mitigation measures, not only for construction site operators but also for users and residents. Therefore, experiments with water systems for dust suppression in Rostov-on-Don (Russia) were conducted. In [28], on the other hand, an earthwork construction is analyzed in detail by monitoring workers exposed to dust during the execution of this task. Subsequently, the authors quantified the health risks for workers by defining an effective evaluation system. Finally, paper [29] summarizes the results of the study of the distribution and concentration of fine dust released during construction production. Finally, the solution presented in [30] links the concept of urban design in construction sites to an innovative integrated monitoring system.



Although the study of the state of the field has revealed the presence of a limited number of studies on the topic of interest, illustrated and summarized in Table 1, the need to identify strategies capable of reducing the emissions of dangerous substances into the atmosphere, increasing the consumption of non-renewable resources, and decreasing noise pollution is increasingly pressing. This will lead to a radical change in perspective on the construction site and its design, but will also facilitate the change in trend required by the Sustainable Development Goals of the 2030 Agenda [31].



For this required change, it appears important to manage the construction site adequately, implementing the planning of the works [32], installing mobile acoustic barriers, using less-polluting vehicles, implementing cleaning, and reducing the dispersion of dust and the use of fossil resources.



Moreover, the correct design and operational planning of the construction site allows the rational management of the works and reduction of risks [33]. As part of these activities, attention to polluting emissions is a research gap that needs to be investigated. In fact, in daily practice, to avoid the lifting and dispersion of dust into the atmosphere, the following actions are implemented:




	
The continuous wetting of the work area;



	
The coverage of deposits of dusty material (both deposited and transported);



	
The use of dust shields.








Regardless, these strategies are not always effective since they do not allow for the control of the amount of dust actually produced by the processes that are taking place. Furthermore, they are “qualitative” strategies not supported by an effective numerical confirmation of the benefits achieved thanks to their implementation. Moreover, this appears even more true when it is necessary to intervene in particular urban contexts where, inevitably, there is an increase in emissions. These situations include, for example, the demolition of buildings, a particularly frequent activity in areas such as L’Aquila, Italy, hit by the earthquake of 6 April 2009. This often happens because the lack of urban planning determines the occurrence of demolitions at the same time [34]. For all these reasons, it is necessary to focus attention on dust pollution produced during construction/reconstruction activities.



To all these aims, a system capable of detecting PM 10 and PM 2.5 particles emitted during the demolition of a building in L’Aquila has been developed.



In particular, the proposed solution is related to the urgency, also on the part of the engineering sector, to develop solutions strictly dedicated to the problem related to dust emissions in critical situations for workers on construction sites. Investigating this need in depth and responding to it will also allow us to provide new insights to those studies which, as was previously mentioned, appear today almost entirely within the prerogative of sectors such as environmental sciences and earth and planetary sciences, allowing a multidisciplinary approach to the problem.



More precisely, the purpose of this paper is the development of an IoT system for the detection of dust emitted during the real demolition of buildings.



For this purpose, we first investigated the IoT systems already present in the literature to verify if there were already some used in this sense. In particular, the system in [30] uses an IoT platform with embedded internal processors capable of monitoring dust, among other parameters. Environmental data are collected by the sensors and sent to the terminal node via ZigBee for real-time viewing on the host PC. The solution presented in [35], on the other hand, describes the prototype of an IoT system, based on sensors connected via Wi-Fi to an MCU node that forwards the data to the PC. Again, in [36], a system based on LoRaWAN technology is shown, where data are sent to the cloud for further processing. Finally, in [37] a sensor-based system is presented that uses a Raspberry as a server, which then also sends the data to the web for consultation.



In essence, therefore, the project of the systems presented, including that of this work, follows a common standard scheme, which consists of having a certain number of sensors that communicate with a master, which in turn transmits the data for consultation.



However, in the works cited, the various systems are designed and optimized for purposes other than that of this paper. In fact, in the conclusions of [35,36], an emphasis is placed on the fact that the developed system is aimed at the creation of smart cities, aiming at the integration with other monitoring systems. Similar conclusions are reached for [37]. In [30], however, the developed system responds to the need to monitor a single building from the point of view of energy consumption. Basically, all of these systems have been designed to be used for a long time, to monitor extremely large spaces and to integrate with existing systems. This is in order to create a city IoT network.



The needs to which this work responds to are instead diametrically opposed, and all the references’ parameters are changed as a result.



The first parameter is the duration of the survey, since in the case in question there is no need for it to be as long as possible. Indeed, it tends to last a few days, as many as the demolition activity lasts.



Furthermore, for the purposes of this work, a system capable of covering large portions of land was not required. Instead, this work requires a system optimized to detect the data relating to small areas as precisely as possible in an area slightly larger than the building being demolished.



Finally, compatibility and subsequent integration with existing systems are beyond our scope. Rather, the system must be extremely lean, flexible, as well as easy to disassemble in order to be moved quickly to other sites of interest, regardless of location or condition. It follows that, in the case in question, geographical location becomes superfluous, while independence from the point of view of power supply becomes fundamental.



It is then quite clear that the system should be characterized by the ability to detect multiple values simultaneously in a short time in order to provide detailed information to better calibrate any interventions.



Definitively, this work presents a system specifically designed, and therefore optimized, to meet these specific needs.



As a consequence of all that has been said, in this work we have explored a particular area which is still extremely neglected, despite the need for a radical change in the perspective from which the construction site is traditionally conceived and designed, as already highlighted above (especially bearing in mind the Sustainable Development Goals of the 2030 Agenda [30]). The novelty of this work is therefore precisely this: a new scenario on which there will be much to investigate based on the achieved results has been opened, in the opinion of the authors. In fact, the results obtained here demonstrate how reckless the carelessness shown so far towards construction sites has been, in the context of which, especially during activities such as demolition, the values of PM 2.5 and PM 10 are—as will be seen below—well beyond the limit of safeguarding health and they remain so for the entire working day, making the issue even more serious.



The outline of the paper is as follows: In Section 2, the methodological approach and the components used are described, while in Section 3 and Section 4, the results and the discussion are reported, respectively. Finally, conclusions are drawn in Section 5.




2. Materials and Methods


Figure 2 shows the block diagram of the research method followed in this work.



First, the most suitable components in terms of sensors and data loggers were identified. The selection criteria were based on the evaluation of the best compromise between accuracy and cost-effectiveness. Then, we moved on to the assembly phase. In particular, each sensor was positioned inside an IP box, suitably powered, and connected wirelessly to the other elements of the system. The system thus created is hereinafter referred to as the “node”. The third phase was mounting, that is, the in situ assembly of the various nodes and the system as a whole. The next phase was to view the data on the PC. After reading them, the interpretation and evaluation of the results followed (fifth phase), and from these, the future developments of the present research were hypothesized. The scheme shown in Figure 2 could, however, turn into an infinite loop. The development of new ideas, in fact, could lead to a possible re-evaluation of the sensors best suited to the new needs, to the subsequent assembly, and so on.



Following the previously described scheme, a preliminary study related to the detection of dust during the demolition of a building was conducted and presented in [38]. Since the results have been satisfactory, we have deepened the analysis. A more complex and performing system was therefore developed. Figure 3 shows a general block scheme of this system.



The developed system as a whole is characterized by its economy and extreme simplicity of use. Furthermore, the returned data are easily usable to anyone in possession of the appropriate credentials.



Five nodes have been developed, each positioned at different distances from the site of interest. This made it possible to have a greater number of information, and above all to study how the impact of dust changes as a function of the distance.



Furthermore, with respect to the solution proposed in [38], the memory on board of the nodes has been eliminated. In that case, in fact, the data were downloaded manually, physically taking the memory from each single node at the end of each acquisition period (typically a working day). This obviously meant that the single node had to be necessarily positioned in places that were always easily accessible. It also increased the risk of damage to the nodes themselves.



The nodes presented in this work, instead, do not store the data on board, but have the ability to continuously send them to the data logger which, in turn, transmits them to the PC. Furthermore, as we will see in more detail, the data will be available to anyone with the appropriate access credentials.



The characteristics of the whole system from the point of view of accuracy, precision, and durability are, however, related to the intrinsic characteristics of the sensors used. As described in this paper, one of the objectives of the developed system was it was to be inexpensive. This imposed us to use low-cost sensors. Among the available ones, we chose the SDS011 sensor, widely disseminated and documented in the literature [35,36,37,39,40,41,42], even with extremely recent articles which have dealt well with the issue of its performance. In particular, in [41], which constitutes a review of low-cost sensors, the SDS011 sensor is judged to be one of the best performing. More specifically, from the point of view of accuracy and precision, the solution shown in [42] emphasizes that accuracy falls within the range of 81–98%, while the accuracy is an average of 1 min data. As far as durability is concerned, in [43] it is noted that the life cycle of the sensor is 8000 h. This duration, apparently not exceptional in the case of prolonged use, does not compromise the purpose of our work. The demolition activity, in fact, has a limited duration in terms of days, after which it makes no sense to keep the system (and therefore the sensor) running.



In the following, the characteristics of each system component of the block will be detailed.



2.1. System Nodes


As already mentioned, the system nodes represent the elements capable of effectively detecting the dust present in the air, with particular reference, in the case in question, to PM 2.5 and PM 10. Figure 4 shows the diagram of a single node (a) and a photo reference (b).



Dust detection takes place by employing a specific air quality sensor, named SDS011 [43]. Its operation is based on the principle of laser diffusion. Basically, when the particles cross the detection area, the diffusion of light is induced. This light is then suitably transformed into electrical signals which are subsequently amplified and processed so to have the required values.



This sensor is also characterized by both high precision and reliability, thanks to the laser detection, and a fast response (lower than 10 s). Furthermore, it has a very high resolution of 0.3 μg/m3 and is easily integrated.



Figure 5 shows a picture of the sensor, while Table 2 gives the related main technical parameters.



The previously described sensor is connected to an Arduino microcontroller. The latter’s task is twofold. In fact, it translates the detected quantities of PM 10 and PM 2.5 into numerical form and subsequently sends these data to the data logger through the Tx/Rx antennas present inside the node itself.



Finally, all the elements described above are placed in an appropriate IP-grade box. The operation of the node can be regulated from the outside through an on/off switch, and the power supply is ensured by a 10,000 mAh power bank, also mounted inside the IP box.



From a practical point of view, then, when the node is switched on, the dust is conveyed towards the fan integrated in the sensor. Subsequently, thanks to the microcontroller, the quantities of PM 2.5 and PM 10 are transformed into a numerical form and sent to the data logger. The dust is finally expelled through the hose.




2.2. Data Logger


Figure 6 shows the diagram of the data logger (a) and a reference photo (b).



The data logger’s task is, as already mentioned, to receive data from the microcontroller of each single node through the Tx/Rx antennas. In addition to this, the data logger takes care of making these data available to users by sending them to the PC using this time a Wi-Fi connection.



In this case, data loggers and antennas are mounted inside an IP box. The power supply is also ensured by a power bank. However, during the laboratory tests it emerged that the data logger had a much higher consumption than the single nodes. For this reason, in this case we have chosen to power it with a 20,000 mAh power bank to guarantee its operation for about three days.




2.3. Data Consultation Platform


The Ubidots platform was used to consult the data. It is characterized by a high easiness of use; it is open-source (at least in the basic version, more than sufficient for this work); and it allows the real-time viewing of the data received in the form of graphs. It also allows the download of the corresponding .csv file. To be able to use this platform, you must simply create your account and set your username and password. Obviously, the data can be consulted on any PC (or even by phone) and by anyone in possession of the set credentials.



Figure 7 shows a screen of the platform home page.




2.4. The Case Study—Experimental Set Up


In the case study described here, five nodes were used. They were placed near a building located in a hamlet of L’Aquila which was really demolished following the serious damage suffered in the earthquake of 6 April 2009 in L’Aquila. This building is located in the historic center of Roio, near L’Aquila, between via San Leonardo and via Madonna di Roio, in an area that is not densely populated and characterized by being in the vicinity of construction sites used in the reconstruction of buildings damaged by the earthquake. Immediately around the construction site, there is an absence of sensitive receptors. The working phase of interest for this study is the one that has the greatest impact in terms of fine dust pollution, namely the phase of demolition of the aggregate. For this reason, dust monitoring will be carried out for the entire duration of the process.



The building object of interest consists of an aggregation of several buildings spread over two levels, with as many real estate units. From a construction point of view, it is made up of load-bearing walls made of disordered stone masonry and the roof is wooden with tiles at the top. The criticism found to be taken into consideration with regard to the production of powders are the limited external spaces with the possible creation of the tunnel effect and consequent stagnation of the powders and inadequate dispersion. Figure 8 shows both the plan of the area of interest with the location of the system elements (nodes and data logger), and the photos of each of them after installation.



Keeping in mind the limitations related to technology widely discussed in the paper, the exact location of the nodes is the result of a careful evaluation aimed at reconciling different needs. On the one hand, there is a clear need intrinsic to the present work to understand how the measurements change as the distance and wind vary (which has also led us to the new ideas for future developments reported in the conclusions). On the other hand, we have also considered the practical need to have easily accessible physical supports, which for the most part do not fall into private areas and do not hinder the daily activities of the area’s inhabitants.



The type of demolition that the building company undertook was the traditional uncontrolled type with a hydraulic grapple, followed by a recovery and reuse of the area. Figure 9 shows some stages of the demolition.



The positive aspect linked to this practice is the speed in carrying out the work. On the other hand, there is a high risk for the operators, both for the noise produced and for the vibrations and dust generated. This last risk is generally mitigated by using a manual lance to move along the demolition front.





3. Results


The demolition activity was monitored on two consecutive days, in particular 23 and 24 June 2022. The system was then left active until the power banks were unloaded in order to have a direct comparison between the measurements made during the demolition and activities suspended for the weekend.



In the rest of this section, the analysis of about 3000 values (300 of PM2.5 and 300 of PM10 for each of the five nodes) considered the most significant is presented.



The measured values are graphically represented in Figure 10, Figure 11 and Figure 12. In the same graphs, the threshold lines set by Europe (in green) and the WHO (in red) are reproduced to facilitate an immediate comparison of the situation.



3.1. Results of 23 June 2022


Figure 10 shows the data related to the day of 23 June 2022. In particular, the survey starts at 11:29 (immediately after the installation of the system) and continues uninterrupted until about 17:00, i.e., until the end of working hours. Figure 13 shows the results relating to PM2.5 (a) and PM10 (b).



As can be seen, the trends of the graphs are absolutely superimposable. In effect, this means that the demolition activity involves an increase in both types of particulate matter.



Furthermore, the maximum peak of the survey is obtained from node 5. This is not accidental since the demolition activities started right from the part of the building immediately next to it.
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Figure 10. (a,b) Comparison between data recorded during active demolition work and after demolition work s stopped. 






Figure 10. (a,b) Comparison between data recorded during active demolition work and after demolition work s stopped.
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3.2. Results of 24 June 2022


Figure 11 below shows the data relating to 24 June 2022. In this case, the survey started at 9:30 a.m. and ended at approximately 5:20 p.m.



As before, Figure 12 shows the results for PM 2.5 (a) and PM 10 (b).
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Figure 11. Result of the measurements of PM 2.5 (a) and PM 10 (b) on 24 June 2022. 






Figure 11. Result of the measurements of PM 2.5 (a) and PM 10 (b) on 24 June 2022.
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In this case, all the nodes returned values that, in some moments, exceeded the thresholds set by the relevant regulations.



The exception is node 4, which does not seem to detect amounts of PM beyond the threshold. Most likely, this could be due to the action of the wind. The implications of the wind in the detection of dust could constitute a future further development of the present work.




3.3. Results of the Surveys with Standstill Activities


Finally, Figure 12 shows the dust levels detected outside working hours.



Specifically, the values obtained on 24 June, starting at around 1:00 pm and subsequently, those obtained on 25 June (Saturday), a non-working day, are represented. On this day, the survey continued until 11:10 am, the time when the system stopped working due to the power bank being unloaded.
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Figure 12. Result of the measurements of PM 2.5 (a) and PM 10 (b) at a standstill. 






Figure 12. Result of the measurements of PM 2.5 (a) and PM 10 (b) at a standstill.
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As can be seen, on the 24th there are still isolated peaks of fine dust. This is probably due to the fact that the powders need a certain amount of time to settle definitively.



In fact, on the 25th, the situation appears considerably calmer, and the level of dust in the air remains well below the permitted limits. The only noteworthy moment, albeit characterized by values well below those detected during the demolition, is detected by node 4 around 10:00. However, remembering that we are on a public road, it cannot be excluded that a vehicle passed at that moment.




3.4. Final Comparisons


Finally, in Table 3 and Table 4, and in Figure 13, the average of the values measured over the three days is shown.



In particular, those above the threshold are highlighted by a red square in each table.
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Figure 13. Average of the detected value of PM 2.5 (a) and PM 10 (b) at a standstill. 






Figure 13. Average of the detected value of PM 2.5 (a) and PM 10 (b) at a standstill.
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The reported values give further confirmation of the fact that node 5, the node closest to the site of interest, is the one that detects the highest values.





4. Discussion


This work describes a system capable of detecting PM 2.5 and PM 10 particles emitted during the demolition of a building. This system makes it possible to evaluate the real level of dispersed dust, keeping the possibility of exceeding of the thresholds set by both Europe and the WHO under control.



The system is based on the use of five nodes, each equipped with an Arduino microcontroller and an SDS011 sensor, characterized by great sensitivity for the detection of dust. The nodes communicate with the data logger, then with another microcontroller in charge of sending the data to the PC, the ESP 32 Dev Module. Thanks to the system under examination, the problem of data storage is overcome. In fact, there is no longer the need to store the data directly onboard; instead, the same data are sent and stored directly in a special database. This eliminates the need to have a memory card for each node and, above all, the need to intervene directly on the node with the risk of damaging it. Furthermore, this allows you to position each single node, even in places that are not easily accessible on a continuous basis.



The system is also capable of handling a large amount of data. In the proposed system, 10 values (one of PM 2.5 and one of PM 10 for each of the five sensors) were acquired at approximately 4 min intervals for nearly three consecutive days. However, it should be specified that the system would also be able to withstand a further increase in the data itself, due, for example, to an increase in the total number of nodes or to an increase in the parameters detected for each node (for example, by inserting an anemometer that allows the detection of wind direction). In fact, the proposed system stopped working not because it was saturated, but simply because the power bank was unloaded. This means that, using other solutions, such as better-performing power banks or, if the conditions apply, alternative energies, the life of the system is theoretically infinite.



Furthermore, the high precision of the data collected makes the system particularly sensitive and precise. Parallel to the study presented here, in fact, an experiment was conducted using commercial sensors commonly purchased on the internet, and positioned near some of those presented here. The result of the surveys in this case was extremely disappointing and not very significant. While the system proposed here has returned significant values in relation to the various moments of the activity, the values detected by the commercial sensors were significantly flattened, denoting a much lower sensitivity than the proposed nodes.



The proposed system is also extremely versatile and can be used whenever it is necessary to detect possible dangerous situations related to the emission of fine dust into the atmosphere. In this case, it was used to monitor the demolition of a building damaged by the L’Aquila earthquake, but it could easily be used in any other situation where such monitoring is necessary.



It must be said that, at present, an intrinsic limit of the proposed system is given by the distance at which the nodes must be placed (about 25 m and in visibility) with respect to the data logger. However, for the needs dictated by the case in question, this was not a problem but certainly among the future developments of the system, we can also include overcoming this difficulty.



Furthermore, considering that the results are made available in real time, they will allow workers in the trade to make appropriate assessments in order to protect both the people who live or in any case may be in the vicinity of the site for various reasons and workers as much as possible through appropriate prevention and protection measures. In fact, the ability to monitor the emission production in real time allows the site safety coordinator and also the employer to take timely decisions to safeguard the wellbeing of workers. For example, as soon as any critical conditions arise, it will be possible to promptly switch on an additional lance or a new sprayer or even to temporarily suspend work. Moreover, given the windy conditions of the site, a different work schedule can be defined to better distribute the demolition phases in order to reduce emissions. Ultimately, the focus on the particular issue of dust produced by urban demolition and reconstruction sites can be particularly important to promote awareness among all actors in the construction industry and to spread a culture of prevention and safety.



Ultimately, given the interesting reflections that this work has aroused, the future developments of this research may also be significant and continue to involve various engineering sectors in a transversal manner.




5. Conclusions


In the present work, an electronic system for the sensing of fine dust has been presented. In particular, the system detects the quantities of PM 2.5 and PM 10 emitted during the demolition of a building located in L’Aquila that was severely damaged following the 2009 earthquake. The system is based on a data logger that receives data from five nodes equipped with dust sensors. These data are transferred in real time to the PC and, at the same time, stored for future consultations. The experimental results confirmed how critical the demolition of a building is from the point of view of the emission of fine particles.



The strengths of the system presented essentially reside in the cost-effectiveness, simplicity of use, the ability to manage a large amount of data, the high accuracy of the surveys, and versatility.



There are certainly some weaknesses: first of all, the need for nodes and data loggers to be placed in perfect visibility and at a distance of no more than 25 m.



The future developments of this work will concern the monitoring of further construction sites, even more complex ones, in order to further expand the proposed system (both from the point of view of the number of nodes and from that of the number of parameters detected by each of them) to overcome the problems that have emerged and, ultimately, to confirm and enrich the good results obtained so far.
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Figure 1. Analysis of the publications in the Web of Science database according to the keywords “construction site” and “dust pollution”: (a) the trend of publications over the years, (b) documents by disciplinary area (Scopus database). 
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Figure 2. Research method block diagram. 
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Figure 3. System general block scheme. 
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Figure 4. (a) Scheme of a single node, (b) photo of a single node. 
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Figure 5. SDS011 sensor. 
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Figure 6. (a) Data logger scheme, (b) data logger photo. 
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Figure 7. Ubidots home page. 






Figure 7. Ubidots home page.



[image: Energies 15 07272 g007]







[image: Energies 15 07272 g008 550] 





Figure 8. (a) Plan of the area; (b) node installation 1; (c) node 2 and data logger installation; (d) node installation 3; (e) node installation 4; (f) node installation 5. 
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Figure 9. Three different stages of demolition. 
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Table 1. Main recent references. In the table, the aim of the research and the results are reported.
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	Reference, Year
	Aim of the Research
	Results





	[24], 2022
	- To propose a new method of reducing construction dust pollution through a reasonable site layout plan
	- Average dust concentration exposed to workers and total transportation cost were significantly reduced by 60.62% and 44.3%, respectively, thanks to the new method



	[25], 2022
	- To explore how sonification can support visualization in construction planning to decrease construction transport disturbances
	- The low-cost sensors used could capture “good enough” data;

- The use of sonification for representing these data is interesting and a possible useful tool in urban and construction transport planning



	[26], 2021
	- To propose a construction site dust detection method based on prior knowledge min-max k-means clustering algorithm
	- Timely detect construction site dust could improve the ability of government supervision departments to monitor construction dust pollution



	[27], 2021
	- To discusse a method for suppressing dust emission on a construction site
	- The amount of fine dust PM 2.5–PM 10 pollution reduced under the influence of a water fog gun with a magnetic nozzle equipment;

- The concentration of particles in the air reduced by almost 2 times, depending on the height of the equipment’s impact



	[28], 2021
	- To establish a health risk evaluation system based on the measured data and difference in the working contents of the works in the earthwork construction phase;

- To base the health risk evaluation system on both measurements of dust exposure and the quantification of health risks
	- The protective mask and spray dust control system reduced the health risk by 67.54% and 38.56%, respectively;

- The health risks for the use of both measures could be reduced by 76.89%;

- Effective dust control measures were proposed according to the results of this study, which provides references for workers to strengthen dust-proof works



	[29], 2021
	- To summarize the results of the study of fine dust distribution and concentration released during construction production
	- The functional analysis of the amount of fine dust PM 2.5 and PM 10 released during the local construction;

- Data knowledge allows us to determine the most dangerous construction works that affect the total environmental pollution in the working and sanitary protection areas



	[30], 2022
	- To develop a new integrated system for monitoring the environment. The system uses a wireless sensor network environment monitoring system IoT platform with embedded internal processors
	- Real-time supervision through a mobile terminal and computer terminal management platform;

- Subsequent online guidance and regulation
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Table 2. Main parameters of the SDS011 sensor.
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Measurement Parameters

	
PM 2.5,PM 10






	
Range

	
0.0–999.9 μg/m3




	
Rated voltage

	
5V




	
Rated current

	
70 mA ± 10 mA




	
Sleep current

	
<4 mA




	
Temperature range

	
Storage environment: −20~+60 °C




	
Work environment: −10~+50 °C




	
Humidity range

	
Storage environment: Max 90%




	
Work environment: Max 70%




	
Air pressure

	
86 KPa~110 KPa




	
Corresponding time

	
1 s




	
Serial data output frequency

	
1 Hz




	
Minimum resolution of particle

	
0.3 μm




	
Relative error

	
Maximum of ±15% and ±10 μg/m3
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Table 3. Detected average of the PM 2.5.
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	DATA
	s1_PM2.5

(μg/m3)
	s2_PM2.5

(μg/m3)
	s3_PM2.5

(μg/m3)
	s4_PM2.5

(μg/m3)
	s5_PM2.5

(μg/m3)





	23 June 2022
	3,51219513
	5.13414634
	5.399999933
	5.573170767
	17.29268293



	24 June 2022
	2.94893614
	4.50638302
	5.387234008
	4.855319165
	8.648936211



	25 June 2022
	2.615
	3.40249998
	5.099999905
	4.398749968
	2.951249999
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Table 4. Detected average of the PM 10.
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	DATA
	s1_PM 10

(μg/m3)
	s2_PM 10

(μg/m3)
	s3_PM 10

(μg/m3)
	s4_PM 10

(μg/m3)
	s5_PM 10

(μg/m3)





	23 June 2022
	17.8097561
	31.995122
	43.9975622
	21.91219502
	193.551216



	24 June 2022
	16.6021277
	33.374468
	41.30851068
	22.72978718
	96.28297777



	25 June 2022
	10.7487499
	19.4174999
	24.20000076
	19.44249994
	17.88250021
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