

  forests-12-00254




forests-12-00254







Forests 2021, 12(2), 254; doi:10.3390/f12020254




Article



Airborne Cupressaceae Pollen and Its Major Allergen, Cup a 1, in Urban Green Areas of Southern Iberian Peninsula



Concepción De Linares 1,*[image: Orcid], Maria Pilar Plaza 2,3[image: Orcid], Ana M. Valle 4, Purificación Alcázar 2, Consuelo Díaz de la Guardia 1 and Carmen Galán 2





1



Department of Botany, University of Granada, 18071 Granada, Spain






2



Andalusian Inter-University Institute for Earth System (IISTA), University of Córdoba, 14071 Córdoba, Spain






3



Chair and Institute of Environmental Medicine, UNIKA-T, Technical University of Munich and Helmholtz Zentrum München, 86156 Augsburg, Germany






4



Pharmacy Service, Virgen de las Nieves Hospital, 18014 Granada, Spain









*



Correspondence: delinare@ugr.es







Academic Editor: Susanne Jochner-Oette



Received: 30 December 2020 / Accepted: 18 February 2021 / Published: 22 February 2021



Abstract

:

Cupressaceae pollen is responsible for winter respiratory allergies in the Mediterranean area. Pollen grains of this diverse family share the same characteristics under light microscopy. Consequently, the partial contribution of each Cupressaceae species to the airborne pollen spectrum cannot be determined with conventional aerobiological methods. Studies on major aeroallergens offer better information on the allergic sensitization and appearance of symptoms in patients sensitized to airborne pollen and spores. Our aim was to determine if airborne Cupressaceae pollen concentrations correspond to aerodynamics of the major allergen of Cupressus (Cup a 1), as well as the aeroallergen correlation with different-sized particles. The air was sampled in two cities of Southern Spain (Granada and Córdoba) using the Hirst-type volumetric sampler for airborne pollen detection during 2006 to 2008 and the Andersen Cascade Impactor for aeroallergen detection during the main pollination period of Cupressaceae in the same period. The samples were analyzed by the methodology proposed by the Spanish Aerobiology Network (REA), the minimum requirements of the European Aeroallergen Society (EAS) for pollen, and by ELISA immunoassay to detect airborne Cup a 1. The distribution patterns of airborne Cupressaceae pollen and Cup a 1 were observed throughout the sampling period, although with some irregular oscillations. Cupressaceae pollen and Cup a 1 showed positive and significant correlation during the period of maximum concentrations (January to March). However, the results of this study showed that the period of exposure of aeroallergens depends on the Cupressus species and their abundance in cities. According to the allergy potential obtained, species like C. arizonica could release more allergens than other species like C. sempervirens.
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1. Introduction


Cupressaceae pollen is an important cause of pollinosis. In the Mediterranean region, it is responsible for winter respiratory allergies in a period when few allergenic plants are flowering [1,2,3]. For example, in southeast France [4], Cupressaceae pollen is the fourth most sensitizing allergen source, after mites, grass pollen, and Alternaria. A clinical study in southern Spain revealed that 30–35% of the population are sensitive to this pollen type [5,6]. Moreover, a recent 15-year clinical survey from northern Italy documented an increase in cypress pollen sensitization and allergy [7].



To date, the extent of this allergy within the population may have been underestimated because its symptoms might have been confused with cooccurring winter respiratory tract infections [8]. In earlier epidemiological studies, this type of pollen allergy seemed to be practically exclusive to Mediterranean areas. However, increases in prevalence in some areas may be caused by more extensive use of some Cupressaceae species [9] for gardening and reforestation in addition to the global rise in temperatures, due both to a higher pollen concentration and longer pollen season [10].



The main species of Cupressaceae family are present on all continents, except Antarctica [11]. The most common species around the Mediterranean basin are cultivated as ornamental trees in urban spaces, i.e., Italian cypress (Cupressus sempervirens L.), Arizona cypress (C. arizonica Greene), Monterrey cypress (C. macrocarpa Hartweg), and Mexican cypress (C. lusitanica Miller). Some species are also used for forest cultivation, i.e., C. macrocarpa in the North of the province of Cordoba [12]. Autochthonous plants, such as common juniper (Juniperus communis L., J. oxycedrus L.) and savin juniper (J. sabina L., J. phoenicea L., J. thurifera L.), are also present in the province but usually far from the cities.



Pollen morphology within non-papillate Cupressaceae (including Cupressus) is mainly stenopalynous, with spheroidal shape, psilate exine sculpture, and a circular thinning of the exine in the leptoma area. Due to the lack of genus- or species-specific morphological features, Cupressaceae pollen is not differentiated in aerobiological studies using conventional light microscopy. All species of this family are wind-pollinated and produce large amounts of light pollen, which enables its wide dispersal. Consequently, the partial contribution of each Cupressaceae species to the airborne pollen spectrum cannot be determined [13]. Nonetheless, the information generated is very useful and important for the prevention and avoidance of allergenic symptoms.



In the last decades, some aerobiologists have focused their investigations on the behavior of airborne pollen and aeroallergens, as well as the seasonal variability and the influence of meteorological variables on aeroallergens’ concentrations [14,15]. The knowledge of the dynamic of these particles is contributing to acquire information on the levels of airborne biological pollutants and, in consequence, to understand the symptoms of patients allergic to pollen. Several methodologies have been used, such as Cyclone, ChemVol, or Andersen collector, to study the allergen load in the atmosphere [16,17,18,19,20]. All these studies indicated that dynamics of aeroallergen and airborne pollen are directly related.



Actually, four allergens have been identified and characterized in C. arizonica pollen. The most important is Cup a 1 (pectate lyase), a glycoprotein recognized as a major allergen, with a PM of 43 kDa [21]. Cup a 1 is a specific allergen characterized by its high-carbohydrate and low-protein content, due to the physical-chemical properties of the pollen grains [22]. It is synthesized in the Golgi complex and transported by vesicles to the exine, intine, and orbicules that this pollen type has abroad [21]. Immunolocation assays determined that it could be implicated in the first steps of male–female gametophyte recognition [23] or involved in modeling tissue and pollen tube growth [23]. The high sequence identity and, consequently, high degree of cross reactivity among Cupressaceae family species suggest the use of Cup a 1 allergen as a representative marker of the entire family [24,25].



Proteins and glycoproteins from pollen can function as allergens, environmental particles interacting with the human immune system to produce an allergic response in predisposed individuals [26]. However, there is still no evidence whether the differences in symptoms could be explained by differences in the number or size of particles carrying airborne allergens [27]. Airborne particles’ matter (PM) is defined as a heterogeneous mixture of solid and liquid particles suspended in air that varies continuously in size and chemical composition in space and time [28]. Although the World Health Organization concluded that health risks are present at any level of particles [29], the Environmental Protection Agency (EPA) determined that particles may be classified in two size categories based on their size: PM10, as particulate matter with an aerodynamic diameter of 10 μm, and PM2.5, as fine particulate matter with an aerodynamic diameter of 2.5 μm [30]. The aim of the present study was to study the seasonal allergenic load in the atmosphere of Granada and Córdoba (southern Spain) in relation to Cupressaceae pollen and to demonstrate if there is a parallel dynamic between concentrations of this pollen type and airborne Cup a 1 allergen. Moreover, we determined the allergen distribution based on EPA categories (PM10 and PM2.5) to establish whether this distribution could be related with the allergy symptoms.




2. Materials and Methods


2.1. Area of Study


The aerobiological study was carried out in two cities of southern Spain: the University of Granada in the city center (37°11′ N, 03°35′ W; 685 m.a.s.l.) and the University of Córdoba in the outskirts of the northeastern city (37°50′ N, 04°45′ W; 123 m.a.s.l.). Although the climate in both cities is Mediterranean (with moderate annual temperature and summer drought), both cities are characterized by huge climatic contrasts’ oscillations in temperature (summer–winter and day–night) [31].



The main species of Cupressus present in these cities are C. sempervirens and C. arizonica, although it is possible to find C. lusitanica and C. macrocarpa as ornamental plants used occasionally in both urban spaces and surrounding. Although the flowering start of these species varies, their flowering periods are usually overlapped. Juniperus species also appear in both provinces [32], but far from the cities, and their pollen is not well represented in the urban air. Some papers have reported that Cupressaceae pollen season usually starts in this region during autumn, depending on the different species [2,3,6].




2.2. Sampling of Airborne Pollen and Allergens


For this study, an aerobiological monitoring of Cupressaceae pollen and Cup a 1 allergen was performed. Volumetric Hirst-type Spore Traps were used for pollen monitoring [33]. This sampler is capable of collecting pollen, spores, and other particles suspended in the air, with an aspiration of 10 L/min, comparable with the average human minute ventilation. In both cities, Hirst samplers were placed at 22–23 m above ground level. The counting method was that recommended by the Spanish Aerobiology Network (REA) [34] and the minimum requirements of the European Aerobiology Society (EAS) [35]. Terminology used in this paper follows the International Association for the Aerobiology (IAA) and EAS recommendations [36]. Due to the flowering period of the different species, in this study the agronomic years (September to August) were considered. The daily pollen data are expressed as daily average of pollen per cubic meter of air (pollen/m3). Aerobiological data are expressed in daily pollen and Annual Pollen Integral (APIn). Airborne pollen was studied from September 1993 to the end of August 2019. In this study, we calculated the Main Pollen Season (MPS) following Andersen, 1991 [37]. We considered the pollen season started when the sum of the daily mean pollen concentrations reached 2.5% of the annual sum and the end when the sum reached 97.5%.



The aeroallergen (Cup a 1) monitoring was performed from 15 January to 31 March, in the case of Granada during 2006 and 2008 and in Córdoba in 2007 and 2008, by means of a cascade impact collector [38]. The sampling took place 11:00 h–17:00 h when pollen concentrations were highest [6,39]. These collectors distributed the particles in different stages of size-fractions. The air flow through the impactor was controlled by a pump that drew in air at 30 L/min (Lanzoni SPS 3001, Italy). The size discrimination of the particles was possible by the variation in the air velocity, which was led sequentially through a series of fiberglass Whatman® filters (glass microfiber filters; type: GF/A) of descending pore size [38]. The samples were analyzed by ELISA technique [40]. Cup a 1 allergen was quantified using polyclonal antibody (Bial-Aristegui, Bilbao, Spain) [41]. The standard curve was drawn from dilutions of Cup a 1 allergen purified from C. arizonica pollen extract by affinity chromatography (Bial-Aristegui, Bilbao, Spain; [41]). For a reliable comparison of the results for the two samples of two cities, these collectors were positioned adjacent to the Hirst samplers. The results in all cases are expressed in nanograms of allergen per cubic meter of air (ng/m3). Aeroallergen data are expressed in daily allergen and Allergen Seasonal Integral (ASIn).




2.3. Meteorological Data


Daily series of temperature (maximum, mean, and minimum) and precipitation were used. Data were provided by the Andalusia Network of Agroclimatic Information (RIAA).




2.4. Statistical Analysis


Spearman’s correlation coefficients between Cup a 1 allergen and Cupressaceae pollen were calculated during the allergen study period. This analysis was carried out by using the IBM SPSS Statistic version 19.0.3.





3. Results


The main meteorological parameters, airborne pollen, and Cup a 1, during studied period, are shown in Table 1. Some differences between both cities studied were observed. In Granada, the weather was colder and drier (14.4–15.2 °C, 257.4–204.7 mm) than in Córdoba (16.9–17.0 °C, 521.0–660.0 mm) through the study time.



As Table 1 shows, the aerobiological pattern of this pollen type was different. In Granada, while the period 2005–2006 presented the shortest pollen season (203 days) and lowest Annual Pollen Integral (APIn) (11,678 pollen/m3), 2007–2008 presented the longest presence (225 days) and highest APIn (26,487 pollen/m3). The peak day pollen concentration was also higher in the second year (1535 pollen/m3) than in the first (950 pollen/m3). In relationship with the MPS, both years were similar with a length of 94–101 days, starting in the middle of January and ending in April. Pollen season in Córdoba was longer (214 days) and lower in APIn (5901 pollen/m3) in 2006–2007 than in the 2007–2008 period, with pollen season (175 days) and APIn (13,061 pollen/m3). Again, the peak day pollen concentration was higher in 2007–2008 (1231 pollen/m3) than 2006–2007 (716 pollen/m3).



The comparative study of the two cities showed that higher pollen concentrations were detected during 2007–2008 in both sites than during prior periods. However, during 2007–2008, the peak pollen concentration day occurred with only one day of difference in both cities (16 February in Granada and 17 February in Córdoba).



Regarding the aeroallergen, higher concentrations where detected during years with lower airborne pollen in both cities (Table 1). The Allergen Season Integral (ASIn) and peak allergenic concentrations recorded differences. In Granada 2005–2006, the ASIn registered was 205,244.5 ng/m3 of Cup a 1, while it was detected at 49,653.5 ng/m3 in 2007–2008. On the other hand, in Córdoba during 2005–2006 the ASIn reached 78,419.8 ng/m3 but in 2007–2008 it registered 30,051.9 ng/m3 of Cup a 1. Comparing both cities during 2007–2008, as was previously observed on pollen, the peak day in Granada occurred one day before, on 16 February with 3730.1 ng/m3, while in Córdoba it occurred on 17 February, with 3830.1 ng/m3.



Regarding the results of pollen potency (pollen vs. allergens), in the same city this value was similar but between cities Granada registered lower pollen potency than Córdoba (21.3–2.1 and 42.2–37.3, during both years, respectively).



Finally, the study of Cup a 1 allergen with the different particle sizes showed that the highest allergen load was localized in PM2.5 in both cities (ranging from 94.9% to 74.3% in Granada and 96.0% to 90.3% in Córdoba).



Taking into account the average concentration and the absolute maximum of the Cupressaceae airborne pollen for 26 years (1993/94–2018/19), Figure 1 shows the annual pattern of Cupressaceae pollen in both cities. This pollen type presented a long pollen season, i.e., from September to June–July, with peaks in the curve from February and March. Granada registered a higher pollen concentration than Córdoba, with an explosive increase during February. Instead, in Córdoba, the important concentrations were registered since January with maximum in February. In addition, we observed a small peak, more remarkable in Granada, during October in both cities, with absolute maximum over 200 pollen grains/m3.



The aeroallergen dynamic of Cup a 1 in both cities was characterized by its continued presence during the studied period, although with irregular oscillations (Figure 2). In both cities, and during the two years, the period with higher pollen and aeroallergens’ concentrations coincided; it also occurred for peak days.



In Granada, positive and significant correlations between Cupressaceae pollen and Cup a 1 during 2005–2006 and 2007–2008 were registered (0.200 and 0.282; p < 0.05, respectively). In Córdoba, positive and significative correlations between both variables (0.515; p < 0.01) occurred during 2006–2007 but not for 2007–2008 (Table 2).



In relation with the PM particles, Cupressaceae pollen showed some significant correlation with PM2.5, while Cup a 1 registered significant correlation with both PM sizes in both cities and years.




4. Discussion


The study of airborne Cupressaceae pollen type showed that only summer can be considered a period free of this pollen type. In this study we considered agronomic years (September to August). The higher concentration, from January to March, corresponded to ornamental or forest cultivation trees (Cupressus sp.); lower concentrations were detected during autumn, probably due to autochthonous species of Juniperus sp., well distributed in the provinces [6,39]. The different pollination behavior of this genera makes it difficult to establish the main pollen season (MPS). In this study, MPS was determined. The results showed that in Granada the MPS was similar in the studied periods, starting in the second week of January and ending in the third week of April. However, in Córdoba the MPS was different to Granada and between the studied periods in the same city (Table 1). In Córdoba, the starting appeared one week and one month before and the ending was one month earlier than in Granada. As Hidalgo et al. [42] showed, in Córdoba, three species of Cupressus are present: C. arizonica, C. macrocarpa, and C. sempervirens. The male phenology of their flower showed that pollen release in C. arizonica takes place roughly three weeks earlier than in the other species and in C. macrocarpa slightly earlier than in C. sempervirens. As Table 1 shows, the start of the MPS could indicate the different flowering times of these species. In Córdoba, during the 2006–2007 period, the MPS started on 5 January, probably due to C. macrocarpa, while in 2007–2008, MPS started one month before (6 December), probably due to C. arizonica. In Granada, the main Cupressus sp. is C. sempervirens. The start of the MPS in the two periods was in the second week of January. Although there was a different pollination period for these Cupressus species, all of them were characterized by a short production in time but very abundant, making this airborne pollen the most frequent during winter, as reported in other cities of Spain, such as Badajoz [43], Toledo [44], Salamanca [45], Santiago de Compostela [46], and in other countries in the Mediterranean Basin, such as Italy [47], France [48], Portugal [1], or Turkey [49]. On the other hand, the presence of a small peak in October reaffirmed the different flowering period of Cupressaceae species, especially in autochthonous species of Juniperus [6].



Otherwise, Cupressaceae pollen type is an important cause of pollinosis during winter in the Mediterranean Basin [50]. Although the appearance of the allergic symptoms, such as rhinitis and asthma, depend on the daily pollen concentration threshold [51], they are very difficult to establish. As shown by Charpin et al. [24], researchers of different countries use threshold levels based on their scientific experiences. However, in the atmosphere, there are other particles that probably can provoke allergic symptoms [52]. This study showed similar dynamics for Cupressaceae pollen and Cup a 1, with significant correlations between these variables observed in both cities during the two years (except in Córdoba 2008–2009). These results agree with other aeroallergen studies performed with different taxa, i.e., allergens from grass [53], birch [54], pellitory [20], and olive [15]. However, regarding the annual intensity in both variables, the pollen integral (APIn) and the allergen integral (ASIn), opposite results were observed, i.e., years with higher APIn but lower ASIn and vice versa. This observation occurred in both Granada and Córdoba (Table 1). According to Plaza et al. [55] and De Linares et al. [20], some taxa (e.g., grasses and pellitory) under stress processes or extreme situations can produce a decrease in flowering intensity. In the case of Cupressaceae, similar results have been obtained.



In order to assess the risk period for people allergic to pollen, several studies have shown that airborne pollen concentration do not always represent the total risk period. This statement is because during periods without pollen there are probably smaller particles in the atmosphere. The presence of these smaller particles can vary, attending to different environmental and botanical factors, as well as with the year and location of collection [56]. For this reason, one important factor to study was the pollen potency (allergen/pollen grain), defined as the actual allergen release capacity of any pollen in the study [57]. Our results showed that the pollen potency was different in the studied cities. While in Granada it ranged from 21.1–21.3 during both periods, in Córdoba it was higher (42.2–37.3). As commented before, in these areas several species of Cupressus are present. While in Granada the main species is C. sempervirens, in Córdoba C. sempervirens, C. arizonica, and C. macrocarpa are well represented [12]. In fact, the MPS start in Córdoba was related to the last two species [42]. With this information, we concluded that, although Granada registered higher pollen concentration than Córdoba, the higher pollen potency in Cordoba probably supported that C. arizonica and C. macrocarpa were responsible for higher allergen emission. With this observation, it could be interesting to study the real allergenic capacity of these three species, due to the symptom risks being dependent on pollen concentrations and also on the different species of Cupressus in the urban areas.



The present study classified the aeroallergens according to size in EPA categories (PM10 and PM2.5). Our results showed major concentrations in the range of PM2.5. Some studies based on immunocytochemical methods [23,57] showed that in certain Cupressus species, the orbicules present in pollen exine contained allergen load. According to some studies, these orbicules are released and become part of the submicron fraction in the air [58]. This fact could explain why, in our study, the highest allergen concentrations were recorded in PM2.5.



Spearman correlation analysis showed a positive and significant correlation between Cupressaceae pollen vs. Cup a 1 with PM10 and PM2.5 in both studied years, except in 2008 in Córdoba, where Cup a 1 correlated only with PM2.5. During 2007–2008 in Córdoba, the MPS started in December and the duration was shorter (175) than other studied periods. This different behavior could be due to a major contribution of C. arizonica pollen. In our opinion, further airborne allergenic studies should be realized to understand the questions not answered in this study.




5. Conclusions


In conclusion, the main pollen season corresponded to different species of Cupressus sp. (common of the urban green spaces) from January to March, when it registered a short production in time but very abundant pollen release. However, the pollen season depends on the different species of Cupressus present in the cities. This study also supported that the main allergen load does not always derive from the pollen alone. Higher allergens were detected in the respirable fraction (PM2.5), probably of the orbicules, released from the pollen cones before and concurrently with the pollen.
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Figure 1. Daily average pollen and absolute maximum concentration of Cupressaceae pollen during 26 years of study period (1993–1994 to 2018–2019) expressed in pollen/m3: (a) Granada; (b) Córdoba. 
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Figure 2. Dynamic of Cupressaceae pollen (pollen/m3) and Cup a 1 (ng/m3) distributed in PM10 and PM2.5 in Granada (a) and Córdoba (b). 
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Table 1. Meteorological data, Cupressaceae pollen, and Cup a 1 allergens’ parameter in Granada and Córdoba. APIn is considered from 1 September to 31 August, while SPIn is 15 January to 31 March.
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Parameters Studied

	
Granada

	
Córdoba




	

	
2005–2006

	
2007–2008

	
2006–2007

	
2007–2008






	
Meteorological data

	

	

	

	




	
Tmax

	
22.7

	
23.3

	
24.3

	
24.0




	
Tmean

	
14.4

	
15.2

	
16.9

	
17.0




	
Tmin

	
7.1

	
8.0

	
10.4

	
10.4




	
P

	
257.4

	
204.7

	
521.0

	
660.0




	
RH

	
69.6

	
68.0

	
62.6

	
62.3




	
Cupressaceae Pollen

	

	

	

	




	
Analyzed days

	
365

	
342

	
364

	
360




	
Peak (pollen/m3)

	
950

	
1535

	
716

	
1231




	
Peak day

	
13 March

	
16 February

	
3 March

	
17 February




	
Days with pollen presence

	
203

	
225

	
214

	
175




	
Start 2.5 (dd-mm)

	
12 January

	
16 January

	
5 January

	
6 December




	
End 97.5 (dd-mm)

	
22 April

	
19 April

	
24 March

	
4 March




	
Length MPS (95%)

	
100

	
97

	
78

	
88




	
Pollen integral during period allergen studied

	
10,840

	
23,125

	
5626

	
12,411




	
APIn (annual Pollen Integral)

	
11,678

	
26,487

	
5901

	
13,061




	
Cup a 1 allergen

	

	

	

	




	
Analysed days

	
75

	
76

	
70

	
76




	
Peak (ng/m3)

	
7856.5

	
3730.1

	
5851.2

	
3830.1




	
Peak day

	
13 March

	
16 February

	
3 March

	
17 February




	
Days with allergen presence

	
75

	
76

	
70

	
75




	
ASIn (Allergen Season Integral)

	
205,244.5

	
49,653.5

	
78,419.8

	
30,051.9




	
Pollen potency

	
21.1

	
21.3

	
42.2

	
37.3




	
PM10 (ng/m3)

	
10,499.5

	
13,744.2

	
3130.7

	
2919.7




	
PM2.5 (ng/m3)

	
194,745.0

	
35,909.3

	
75,289.1

	
27,132.2
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Table 2. Correlation coefficients for Cupressaceae pollen, Cup a 1 allergen, and allergens in PM10 and PM 2.5, ** p < 0.01; * p < 0.05. The shadow and bold format indicate the results more relevant.
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	City
	Years Studied
	Parameters
	Cupressaceae Pollen
	Cup a 1





	Granada
	2006 (n = 74)
	Cupressaceae pollen
	1.000
	0.200 *



	
	
	Cup a 1
	0.200 *
	1.000



	
	
	PM10
	0.154
	0.444 **



	
	
	PM2.5
	0.191 *
	0.995 **



	
	2008 (n = 76)
	Cupressaceae pollen
	1.000
	0.282 *



	
	
	Cup a 1
	0.282 *
	1.000



	
	
	PM10
	0.197
	0.731 **



	
	
	PM2.5
	0.306 **
	0.972 **



	Córdoba
	2007 (n = 69)
	Cupressaceae pollen
	1.000
	0.515 **



	
	
	Cup a 1
	0.515 **
	1.000



	
	
	PM10
	−0.021
	0.299 *



	
	
	PM2.5
	0.523 **
	0.977 **



	
	2008 (n = 76)
	Cupressaceae pollen
	1.000
	0.141



	
	
	Cup a 1
	0.141
	1.000



	
	
	PM10
	−0.003
	0.463 **



	
	
	PM2.5
	0.187
	0.948 **
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