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        Abstract



        
          Background:


          In February 2017, some buildings of La Pineda (Catalonia, NE Spain) a rather small town, located near to the Tarragona harbor, were affected by a contamination episode that dirtied external walls, windows, doors and floors of these buildings with a black dust. This study was aimed at assessing the origin of the black dust appeared in the buildings.

        


        
          Methods:


          Black dust samples were collected in the railings of balconies, windows, and exterior doors of two buildings in La Pineda, as well as in the ground of the breakwater of the Tarragona harbor, at few meters from the open air coal storage area. Elemental analysis of the black dust (C, N, H and S) was performed. A daily sample of PM10 was also collected and analyzed for five consecutive days.

        


        
          Results:


          The total carbon content of the collected dust was 25.8%, 29.4% and 33.9% in the two buildings of La Pineda and the breakwater, respectively. In turn, the contribution of carbon from carbonates was 0.0%, 1.3% and 5.1%, in the samples of the two buildings and the breakwater, respectively. PM10 showed levels between 18 and 39 µg/m3, with mean and median levels of 29 µg/m3.

        


        
          Conclusion:


          The elemental analysis indicated that the two black dust samples collected in the two buildings of La Pineda were similar to the sample collected at the breakwater of the port of Tarragona, showing a common origin: The bulk coal storage area of Tarragona harbor. Because information on the human health risks derived from the important activities conducted in the port of Tarragona is currently non-existent, an exhaustive assessment of all pollutants involved in the activities of the port is strongly recommended.
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      1. INTRODUCTION


      Tarragona is an important industrial city located in the South of Catalonia, Spain. Since approximately 50 years ago, one of the largest chemical and petrochemical industrial complexes in Southern Europe is located in Tarragona County. The presence of a highway and various roads with a heavy traffic influences enormously the environment of the area, in which a considerable number of industries are operating. These include currently a big oil refinery (Repsol Petróleo, S.A.), as well as a number of chemical and petrochemical industries. Moreover, a Municipal Solid Waste Incinerator (MSWI), and the only Hazardous Waste Incinerator (HWI) of Spain are also located in the same area. Because of the emissions of a number of pollutants potentially released by these industries and activities, public concern over possible adverse health effects for the population living in Tarragona city and surroundings zones is continuous and permanent [1, 2].


      For their usual daily operations, most of the industrial activities above indicated require the support of an important harbor. The port of Tarragona is located on the NE Spanish coast (41.09º N; 1.22° E). It is an industrial bulk carrier port. Although the economic structure of the hinterland of the harbor is strongly based on the petrochemical industries, the traffic of other kinds of goods is also considerable. In addition, since 1975, Repsol Petróleo, S.A. is operating its own oil terminal, which includes a floating dock (monobuoy). The long dock and the monobuoy are highly active sites. In recent years, and basically during the summer, the port of Tarragona has incorporated the periodical arrival of a number of cruises. Doubtless, the important activities carried out in the Tarragona harbor should mean an environmental impact, and probably, also certain health risks for the population living in the neighborhood. However, information on the environmental and health risks, currently available in the scientific literature, is certainly very scarce. It is limited on one side, to environmental risk analysis of aquatic systems as a result of exposure to one or more stressors, based on the oil handling in that port [3, 4], while on the other hand, a few studies have estimated the impact of the harbor activities on PM10 concentrations [5, 6, 7].


      Recently, specifically between February 12 and 13, 2017, some buildings of La Pineda (Catalonia, NE Spain) (41.07º N; 1.18° E), a rather small village (around 3,000 inhabitants) located at 10 km from Tarragona, but closer to the Tarragona harbor, were affected by a contamination episode that dirtied external walls, windows, doors and floors of these buildings with a black dust. According to the information reported by the people living in the affected buildings, the main suspect of the dust origin was the open air bulk coal mountains located in the storage area of the Tarragona harbor. These affected buildings are located approximately at 3.5 km West-Southwest (WSW) of the bulk coal storage area of Tarragona harbor (Fig. 1). The residents in the affected buildings of La Pineda reported to suffer these episodes at least once per year, for a long time. These episodes, in addition to the obvious annoying consequences, also could produce health problems and negative effects on the local economy, as the tourism is the main economic activity in La Pineda.


      [image: ]
Fig. (1)

      Map of La Pineda and Tarragona harbor. The coal storage area and the sampling points (two buildings in La Pineda and breakwater) are marked. The meteorological station location is marked with a star.

      Because of the interest and concern raised by that episode, the present study was aimed at scientifically assessing the origin of the black dust appeared in the buildings of La Pineda in February 12-13, 2017. To find out the origin was an important goal for the inhabitants of La Pineda, as well as for other people living in the area under influence of the Tarragona harbor, in order to be able of preventing further episodes, which in turn could mean potential health risks, such as cardiorespiratory diseases, or even cancer. As above commented, information on the human health risks derived from the important activities conducted in the port of Tarragona is currently non-existent. Meteorological data, back trajectories, and elementary analysis were integrated to achieve our objective.

    


    
      

      2. MATERIALS AND METHODS


      A few days after the contamination episode (February 20), black dust samples were obtained in the railings of balconies, windows, and exterior doors of two buildings in La Pineda (two samples in two different buildings), as well as in the ground of the breakwater of the Tarragona harbor (one sample), a few meters from the open air coal storage area (Fig. 1). Samples were collected using a laboratory spatula avoiding collecting wet samples and foreign elements such as sand, top-soils, etc. Each sample was composed of various subsamples.


      For the elemental analysis of the black dust (C, N, H and S), a part of the sample was burned by combustion with an oxygen atmosphere at 1,000°C. The resulting gases (SO2, CO2 and NOX), dragged by helium current, were analyzed by gas chromatography (Thermo EA 1108 CHNS-O Carlo Erba Instruments). For the analysis of carbon from carbonates, each sample was previously exposed to an atmosphere of Hydrochloric acid (HCl), being subsequently analyzed using the same methodology.


      Additionally, a daily sample of PM10 was collected for five consecutive days (from Monday to Friday, in two consecutive weeks, starting on May 29, and June 5, 2017), according to the meteorological forecast. The sample was collected with a high volume MCV sampler (Collbató, Barcelona, Spain). The volume collected was approximately 718 m3 for each sample. It was collected in Quartz Fiber Filters (QFFs) of 150 mm diameter. QFFs were previously heated at 200ºC for 4 hours to eliminate potential Volatile Organic Compounds (VOCs). Previous and after the sampling, QFFs were acclimated for 24 hours, at a relative humidity of 40% and at a temperature of 25ºC, being weighed in several consecutive days, at same conditions, in order to determine gravimetrically the PM10 levels.


      Meteorological data were obtained from an automatic station of the Catalonia Weather Service, which is located at the Tarragona Educational Complex (at 2 km from the coal storage area) [8]. In addition, the HYSPLIT model developed by the National Oceanic and Atmospheric Administration of the United States, adapted to Spain for the calculation of retro-trajectories, was applied [9, 10]. The model, widely used by the scientific community, provides information regarding where the air comes from.

    


    
      

      3. RESULTS


      The wind direction (blowing from), and its average and maximum speed recorded every half hour from February 10 to 16, 2017, is depicted in Fig. (2). As it can be seen, from 12 noon on February 11 until 8:00 PM on February 13, the wind blew between 57° (North-East) and 85° (East), with an average of 74°. The wind direction blew from Tarragona harbor to La Pineda. Moreover, the wind speed was increasing between the 00:00 of February 11 until reaching a maximum wind speed peak of 58 km/h at 12 noon on February 12. A second maximum peak was reached at 08:00 AM of February 13 (maximum wind speed of 61 km/h), after which the speed decreased to average speed values around 5 km/h, with a maximum speed of 20 km/h. Therefore, the combination of sustained winds blowing from between North-East and East with high wind speed, clearly suggests that the origin of the black dust was the Tarragona harbor. The annual average wind speed in the area is 8.3 km/h.


      The HYSPLIT model was applied to calculate eighteen 12 hr-back trajectories from February 11 at 12:00 AM to February 13 at 12:00 PM, with a time resolution of 2 hours between trajectories (Fig. 3). Air masses came from the Mediterranean Sea, passing some of them above the Tarragona harbor facilities, where the bulk coal is stored. Furthermore, air masses were at almost ground/sea level when passed through the harbor facilities, before arriving at La Pineda’s buildings.


      [image: ]
Fig. (2)

      Wind direction (blowing from) and speed in (km/h) obtained from the Catalonia weather service station located in the Tarragona Educational Complex. The X axis in semi-hours from 0 (0:00, 02/10/2017) to 336 (11:30 PM, 02/16/2017). The directions of the wind that affects La Pineda from Tarragona harbor carbon storage are highlighted in the yellow box.
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Fig. (3)

      Back trajectories during the contamination episode. A total of 18 trajectories (12 hours of duration) were calculated every 2 hours, from February 11, 2017 at 12:00.

      The results of the elemental analysis of the black dust samples collected in the breakwater of Tarragona harbor, as well as in the two buildings located in La Pineda are summarized in Table 1. The total carbon content of the collected dust was 25.8%, 29.4% and 33.9% in the two buildings of La Pineda and the breakwater, respectively. In turn, the contribution of carbon from carbonates was 0.0%, 1.3% and 5.1%, in the samples of the two buildings and the breakwater, respectively. The sample of the breakwater was collected from the ground, while in the buildings of the Pineda sampling collection was done in windows, doors, and railings of balconies. It would explain the different content of carbonates, which are a very common constituent of rocks and minerals of the earth's crust, and even other materials such as cement. Consequently, the contents of carbon not originated from carbonates (not from minerals) were 25.8% and 28.1% in the two buildings, and 28.8% in the breakwater, results that are all very similar. These carbon levels were in accordance with the typical content of carbon in non-dried coal. The elemental analysis indicates that the two black dust samples collected in the two buildings of La Pineda are similar to the sample collected at the breakwater of the Port of Tarragona, showing a common origin.


      
        Table 1 Elemental composition of black dust found in the two buildings of La Pineda and in the breakwater of Tarragona harbor, near a coal storage area.
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              	La Pineda building 1

              	0.78

              	1.87

              	1.14

              	25.8

              	0.00
            


            
              	La Pineda building 2

              	0.77

              	2.10

              	1.38

              	29.4

              	1.30
            


            
              	Breakwater of Tarragona harbor

              	0.80

              	2.36

              	1.50

              	33.9

              	5.11
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Fig. (4)

      Wind direction (blowing from) and speed in km/h obtained from the Catalonia weather service station located in the Tarragona Educational Complex during sampling campaign. The X axis in semi-hours from 0 (0:00, 05/29/2017) to 576 (11:30 PM, 06/09/2017). The wind directions that affect La Pineda from the Tarragona harbor carbon store are highlighted in the yellow box.

      PM10 collected between May 29 and June 9, 2017, showed levels between 18 and 39 µg/m3, with mean and median levels of 29 µg/m3. However, during the sampling period, wind conditions (direction and speed) were not reproducing the conditions of February winds (from E and NE with speed above 35 km/h), when the contamination episode occurred (Fig. 4). For that reason, no further analyses were done regarding PM10 samples. According to the scientific literature, previous data on PM10 in the Tarragona harbor are very limited. In 2007, Alastuey and co-workers [7] reported the results of a study aimed at estimating the impact of harbor activities on PM10 levels based on a complete chemical characterization of 90 PM10 samples, which were periodically collected between September 2004 and September 2005 in the harbor of Tarragona. The multi-linear regression analysis demonstrated a high anthropogenic contribution (62%) for PM10 at the harbor, mainly related to traffic (34% of PM10). Moreover, given the high volume of solids in bulk handled in the harbor of Tarragona, Moreno et al. [6] selected 12 handling operations of a number of materials (clinker, phosphate, pyrite ash, Mn mineral, fine Si-Mn, coke (coal), bituminous coal, tapioca, soybean, alfalfa, corn, andalusite) for the characterization of suspended and deposited PM. In spite of the coarse grain size distribution of these bulk cargo materials -with a very low percentage in the fraction <10 μm- the manipulation of these materials during harbor operations might result in high emissions of PM10, with relatively high levels of potential toxic elements. In turn, Artiñano et al. [5] assessed the impact of specific handling operations and bulk materials in the port of Tarragona. Materials such as silica-manganese powder, tapioca, coal, clinker and lucerne were dealt with during the studies. The highest impact on ambient particle concentrations corresponded to the handling of clinker. For clinker, as well as for silica-manganese powder, high levels were recorded in the fine grain size (< 2.5 μm). In contrast, the lowest impact on PM concentrations was observed during handling of tapioca and lucerne, mainly in the coarse grain size (2.5-10 μm).

    


    
      CONCLUSION


      When assessing the potential health risks in the vicinity of a harbor like the current one, it should be taken into account that coal can contain heavy metals and metalloids (As, Cd, Cr, Hg, Pb, Mo, Zn), as well as other substances that could be harmful to human health [11]. The people living in La Pineda not only could be exposed to these elements through dust inhalation, but also through dust ingestion and dermal contact when the coal dust is re-suspended or infiltrated to indoor environments.


      From February 11 to 13, 2017, the wind speed (maximum above 55 km/h) and the direction blowing from East and North-East showed the ideal conditions for the dispersion of material from the bulk coal storage area of Tarragona harbor towards La Pineda. The retro-trajectory analysis during those days confirmed that the origin of the air mass came from the sea and passed over the facilities of Tarragona harbor to La Pineda’s buildings. Elemental analysis of the black dust obtained confirmed the high carbon contents (25.8-29.4%), with a minimal contribution of carbon from carbonates (0.0-1.3%). In addition, the content of carbon -not from carbonates- was similar in the samples collected in the buildings of La Pineda (25.8-28.1%) and in the sample collected in the breakwater (28.8%). These results clearly indicate that the black dust in the buildings of La Pineda, which was noted in February 12-13, 2017, was due to the dispersion produced by the wind from the coal mountains in the bulk storage area of the Tarragona harbor.


      Although these episodes of strong winds blowing from East (E) and Northeast (NE), locally called “Llevantades”, are occasional, they are not rare in the Catalan Mediterranean sea area. The location of the Tarragona harbor, near populated areas such as La Pineda or Tarragona city, can mean, in addition to the obvious annoying dust outbreaks episodes, potential health risks for the population of the zone. Consequently, we suggest the following actions as a priority: 1) to conduct the necessary actions to reduce future dispersion events that may affect populated nuclei, 2) to perform environmental sampling campaigns in order to establish PM10 levels and components content during any potential coal contamination episode, and 3) to carefully assess the potential effects of coal on the health of the population living in the neighborhood of the Tarragona harbor. For a complete knowledge of the environmental and health risks, an exhaustive assessment of all pollutants involved in the activities of the port is strongly recommended.
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