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Introduction: Aeropollen can induce detrimental effects, particularly
in respiratory airways. Monitoring local aeropollen is essential for the
management of pollen allergic patients in each area. However, without
resources for constant monitoring, pollen counts are subjected to biases
imposed by the choices of sampling season, time of collection, and location.
Therefore, the effects of these factors must be better understood. This study
investigated the dynamics of aeropollen types through seasonal variation,
diurnal cycle and different heights from the ground in Bangkok, Thailand.

Methods: Aeropollen samples were collected for 12 months at the Faculty of
Science, Mahidol University in Bangkok, using a RotoRod Sampler®. For the
investigation of diurnal effect, pollen was collected at 7 a.m., 10 am., 1 p.m,,
4 p.m., and 7 p.m. For the study of height effect, data were collected at 2, 10,
and 18 meters above ground.

Results and discussion: This is the first study of the effects of diurnal
cycle and height variation on airborne pollen count in Southeast Asia. The
results showed the highest concentration of aeropollen was observed in
November, which was at the beginning of the northeast monsoon season
in Bangkok, whereas the lowest concentration was recorded in July (rainy
season). Interestingly, the lowest airborne pollen concentration recorded in
July was greater than the high level of most standards. Grass pollen was
found as the major aeropollen. The highest total pollen concentration was
detected at 1 p.m. The maximum pollen quantity was detected at 10 meters
from the ground. However, the total aeropollen concentration was extremely
high (>130 grains/m3) at all elevated heights compared to other studies that
mostly found at lower height (approximately 1-2 m above ground). The
result suggested that pollen concentrations of most pollen types increased as
height increased. This study also illustrated the correlation between aeropollen
quantity and local meteorological factors.

Conclusion: This aeropollen survey reported that pollen concentration and
diversity were affected by seasonal variation, diurnal cycle, and height from

01 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2022.1067034
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2022.1067034&domain=pdf&date_stamp=2022-12-14
mailto:wisuwat.son@mahidol.edu
https://doi.org/10.3389/fpubh.2022.1067034
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpubh.2022.1067034/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Juprasong et al.

10.3389/fpubh.2022.1067034

the ground. Understanding these relationships can help with predictions of
aeropollen type and quantity.

pollen allergy,

airborne pollen,

pollen dynamics, meteorological factors,

tropical/subtropical plants

1. Introduction

Airborne pollen is recognized as one of the high potential
sources of outdoor aeroallergen inducing respiratory allergic
diseases, particularly allergic asthma and rhinitis. Pollen allergies
affect ~10-30% of the global population (I, 2). Therefore,
atmospheric pollen monitoring in view of diurnal and seasonal
fluctuations is required as an indicator for allergic patients to be
aware of the airborne pollen exposure, especially at the peak of
pollen distribution.

Three common sources of airborne allergenic pollen include
trees, weeds, and grasses. In temperate and Mediterranean
zones, a large percentage of the population are sensitized to
weed (e.g., ragweed) and tree (e.g., birch, olive, and cypress)
pollen (3-5). Worldwide, grass-family (Poaceae) pollen is the
dominant and influential type causing hospitalization due to
asthma and allergy, particularly in Australia, Turkey, China, and
also Thailand (6-12).

Several studies of pollen diversity illustrated the variation
of dominant airborne pollen types collected from different
regions and in different seasons. Countries/cities that reported
tree pollen as the dominant type during pollen season include
Japan (e.g., Japanese cedar and Japanese cypress), Shanghai (e.g.,
Broussonetia), and most parts of America (e.g., oak, ash, and
birch) (13-15). On the other hand, grass pollen is dominant
in Portugal, North-West Turkey, West Bengal (India), South
Korea, and Thailand (16-20). Furthermore, most of these pollen
surveys reported seasonal and annual variations of dominant
airborne pollen types. These variations warrant that pollen
surveys be performed locally and preferably constantly, to better
understand the actual pollen exposure of patients in each specific
locality and season.

However, constant pollen monitoring is not possible in
certain regions where resources are limited. Under such
circumstances, it is imperative that factors influencing pollen
count such as seasonality, weather conditions, diurnal cycle, and
height from ground, be investigated. Previously, the study of
diurnal variation of pollen in London showed the maximum
concentration of pollen in late afternoon and early evening
(21). Maximum pollen detection could also be dynamic due
to the factors of elevated temperature and wind direction (21).
Based on a 2-year aerobiological survey in India, the amount of
airborne pollen showed a positive correlation with temperature,
while negatively correlated with levels of rainfall and relative
humidity (19). Likewise, the total airborne pollen concentration
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in North-West Turkey significantly decreased in both the
rainy season and high relative humidity period (20). Airborne
pollen collected from the Beijing Museum of Natural History,
China, at the height of 10m above ground level confirmed
that the quantity of airborne pollen was affected positively by
temperature, but negatively by relative humidity and rainfall
(22, 23). On the contrary, a higher amount of airborne pollen
was detected on days with high relative humidity, particularly
rainy days in summer in the East-Mediterranean coast of
Turkey (6). Wind speed is positively correlated with the pollen
concentration of the Urticaceae family but not Fagaceae (20).
This evidence suggested that the amounts of pollen could be
affected by wind and not all plant families or species were
affected in the same way (6).

Airborne allergen has been studied mostly in Europe,
America, and Mediterranean areas (6, 24, 25). In Southeast
Asia, including Thailand, only a few reports of airborne
pollen are available, none encompass different factors affecting
airborne pollen patterns. Knowledge about seasonal and diurnal
fluctuations of airborne pollen in this area is vital because
the population of Southeast Asia accounts for more than
8.6% of the world population, which is almost as large as
the European population and almost twice the size of the
North American population (26). Moreover, urbanization in
this region is increasing rapidly, leading to higher prevalence of
allergic rhinitis.

The aim of this study was to investigate the dynamics
of airborne pollen in terms of pollen types and amounts
through seasonal variation, diurnal cycle, and different heights
from the ground, in Bangkok, Thailand as a representative of
metropolitan areas of Southeast Asia.

2. Materials and methods

2.1. Sampling area and pollen collection

Airborne pollen samples were collected using the RotoRod
Sampler ~ Model 20 (Multidata LLC, MN, USA) at Mahidol
University in Phayathai district [LAT/LONG: 13.765305,
100.526285], within the metropolitan area of Bangkok. The
sampler was calibrated using a stroboscopic tachometer
following the manufacturer (27). Collector rods were prepared
and proceeded under standardized conditions (28). For the
seasonal variation study, the sampling device was placed at an
open-air walkway between two buildings elevated 10 m above
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ground, 1 day every week except for the last week of the
month for 12 months at 10a.m. To study the effect of time of
day, samples were collected at 7a.m., 10a.m., 1 p.m., 4 p.m.,,
and 7 p.m. To investigate the influence of height on pollen
concentration and diversity, pollen samples were collected from
10am. to Ilam. at 2, 10 and 18m above ground. Each
collection had the duration of 1 h.

2.2. Pollen identification and counting

The exposed rods were placed onto a holder slide and stained
with Calberla’s solution as mounting media. Our rod readers
were trained by a set protocol and passed our internal standard
testing with <20% difference between readers. Pollen grain types
were identified based on their physical characteristics under a
compound light microscope (Olympus Biological Microscope
Model CX31, Olympus Corp., PA, USA) at 40x magnification.
For each collection session, only pollen grains within the area
imposed by the 22 x 22mm cover glass on the surface of
one (randomly chosen) of two rods were counted. The amount
of pollen was converted to pollen concentration (c) in cubic
meters (m>) following the RotoRod Sampler~ instruction
as shown in Equation [1]. In order to calculate the pollen
concentration, volume of air sampled by the rods (v) was
needed, which was calculated using Equation [2] with the
following parameters: rod area (%:alculated from 0.03 x 0.015 m),
head (d) (0.095 m), revolution
er day (t)

operating

diameter of RotoRod Sampler
per minute (2,400 rpm) and minutes sampled
(60/1,440 min). According to the RotoRod Sampler
instruction, the volume of air, which is computed with 60 min
sampling time is equal to 0.013 m3. Therefore, the final equation
used to evaluate pollen concentration is given in Equation [3].

total number of pollen grains counted 1)
cC =

volume of air sampled by the rods

(rod area) x (dx 7 x rpm x t)
total number of pollen grains counted
0.013 m?

(©)

2.3. Meteorological data

Bangkok climate has been classified as a tropical savanna
climate under the Koppen climate classification. Three seasons
can be found: rainy or southwest monsoon season (mid-
May to mid-October), winter or northeast monsoon season
(mid-October to mid-February) and summer or pre-monsoon
season (mid-February to mid-May) (29). In general, surface
temperature is high with the hottest period of the year in March
to May, when maximum temperatures near 40°C. The northeast
monsoon season is mild, with an average temperature of 26°C.
The prevailing winds in Bangkok during the northeast monsoon
season are mostly north and northeast. The average rainfall is
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approximately 1,200 mm per year. In this study, meteorological
data, including daily relative humidity, wind speed, rainfall
and temperature, were collected at Klong Toey (Station Code
455201) [LAT/LONG: 13.704610, 100.575534] situated ~4km
from the pollen collection site were obtained from the Thai
Meteorological Department.

2.4. Statistical analysis and data
illustration

Pollen concentration and meteorological data were analyzed
and illustrated using GraphPad Prism version 9.0.0 (GraphPad
Software Inc., CA, USA). The assumptions of normality and
homogeneity of variance were tested using Shapiro-Wilk test
and Levene’s test, respectively. Spearman’s rank correlation was
applied in order to assess the correlation coeflicient between
dynamics of pollen concentration and meteorological factors
over the study period. Statistical significance was determined at
the level of 0.05.

3. Results

Airborne pollen in Bangkok was identified based on
morphological characteristics as members of six major plant
Poaceae, Arecaceae, Casuarinaceae,

families: Typhaceae,

Caesalpinioideae, and Amaranthaceae. Pollen from less
dominant plant families were grouped together and referred to
as “Others,” namely Acanthaceae, Cyperaceae, Mimosoideae,
Asteraceae, Cycadaceae, Pinaceae.

The most abundant pollen type collected was Poaceae or
grasss pollen (32.86%) with an average of 53 grains/m3 with
the maximum count in November (446 grains/m3 ) (Table 1).
Poaceae pollen was also ranked first in terms of frequency of
occurrence (0.83), calculated from the number of rods contained
each pollen type divided by total number of sampling rods.
Even though Typhaceae pollen was ranked third in average
concentration (25 grains/m?), its frequency of occurrence was
relatively high (0.63), second only to Poaceae pollen. A number
of pollen grains could not be identified due to high plant
diversity in the area and lack of an extensive pollen reference
database. Together the unidentified pollen averaged at 100
grains/m3 and its highest concentration appeared in February
(1,815 grains/m3). Because of the non-uniform nature of the
unidentified pollen, it was excluded from further analyses.

Seasonal variation of airborne pollen was investigated by
analyzing pollen types collected 1 day each week for every
week of the month except the last month throughout 12
months at 10a.m. Pollen dynamics were analyzed together
and independently for each pollen type. Average pollen
concentration and maximum values varied by months
(Figure 1). Overall, the total pollen concentration began
to increase in August (pre-monsoon season), reaching the
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TABLE 1 Variation of airborne pollen concentration throughout the year of this study.

No. Pollen type Avg conc. Max conc. Month of Percent of Frequency of
(pollen grain/m3) (pollen grain/m?) max conc. total T occurrence! T

1 Poaceae 53 446 Nov 32.86 0.83

2 Arecaceae 28 1,215 May 17.65 0.35

3 Typhaceae 25 523 Sep 15.50 0.63

4 Others 22 184 Nov 14.03 0.18

5 Casuarinaceae 16 115 Mar 9.99 0.58

6 Caesalpinioideae 8 184 Mar 5.32 0.36

7 Amaranthaceae 7 176 Sep 4.64 0.32

T Pollen samples collected 1 day every week except the last week of the month for 12 months at 10 m above ground and collected at 10 a.m.; T calculated from the concentration of each

pollen type divided by total pollen concentration and converted to percentage; T T T calculated from the number of rods contained each pollen type divided by total number of sampling rods.

maximum concentration in November (early northeast
monsoon) before decreasing in January (late northeast
monsoon). The first peak of average pollen concentration was
recorded in November at the average concentration of 360
grains/m® (median: 362 grains/m>) and the second peak was
found in December at 241 grains/m> (median: 254 grains/m?).
Low pollen concentration was detected in April (mid-summer)
at an average of 74 grains/m3 (median: 62 grains/m3) and July
at an average of 62 grains/m> (median: 465 grains/m>). Poaceae
pollen was abundantly distributed in the atmospheric air over
the entire period of collection. The variability of monthly
pollen concentrations is demonstrated in Figure 1. The peak
average pollen counts of Typhaceae and Caesalpinioideae
were recorded in the first trimester (January-March) while
the maximum average concentrations of Poaceae, Others,
Casuarinaceae, and Amaranthaceae were observed in the
third-to-last trimester (September-December).

Considering the diurnal distribution patterns of the pollen
types studied, certain differences were observed. Overall, the
highest peak of average pollen concentration was found in the
early afternoon (1 p.m.) whereas the lowest concentration was
recorded in the early morning (7 a.m.) (Figure 2). Two patterns
of hourly distribution could be observed. First, consisting of
Poaceae, Casuarinaceae, Amaranthaceae, and Others, maximum
average pollen was found at 10 a.m. and started to decline until
the lowest count was reached at 7 p.m. In the second group,
Arecaceae, Typhaceae and Caesalpinioideae pollen types started
to increase in the late morning hours reaching the maximum
value in the early afternoon (1 p.m.) before gradually decreasing
at 4 p.m. until 7 p.m. The maximum average concentration of
Arecaceae pollen (mean: 69 grains/m>; median: 4 grains/m?)
was approximately 2- and 4-fold higher than the concentration
of Typhaceae (mean: 33 grains/m>; median: 23 grains/m>) and
Caesalpinioideae (mean: 17 grains/m>; median: 4 grains/m?)
pollen types, respectively.

The overall pollen composition was similar among time
points during each diurnal cycle (Figure 3). In the morning,
at 7 and 10 a.m., Poaceae pollen dominated approximately one
half of the total pollen quantity. At 1 p.m., two pollen types:
Poaceae and Arecaceae together contributed slightly over half
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of all pollen counts. In the late afternoon to early evening (4-
7 p.m.), the dominant pollen type was Poaeceae, accounting for
about one third of total pollen count.

Variations in all pollen types at the three levels of height
(2, 10, and 18m above ground) were observed (Figure 4).
The total airborne pollen concentration was maximal at 10 m
above ground with an average of 191 grains/m> (median:
123 grains/m®). This reported concentration was defined by
excluding the Arecaceae (palm) pollen count (mean: 1,884
grains/m?; median: 4 grains/m?) due to its extremely high
concentration in a short period with non-normal distribution.
137
grains/m3; median: 100 grains/m3), and at 18 m (mean: 186

Minimal concentrations were found at 2m (mean:

grains/m?; median: 131 grains/m3). The pollen of Poaceae
was dominant at all three heights. Typhaceae, Casuarinaceae,
Caesalpinioideae, Amaranthaceae, and Others pollen types
presented a moderate-to-low average concentration over the
three levels. Only Arecaceae showed the exceeding average
pollen concentration recorded at 2 m and sharply declined at 10
and 18 m. Poaceae, Casuarinaceae and Caesalpinioideae pollen
was most concentrated at 10 m, whereas the peak pollen counts
of Typhaceae and Amaranthaceae were recorded at 18 m. Of
note, the pollen concentration of Amaranthaceae doubled at
each height.

Meteorological records during the study period were
analyzed to gain a better understanding about their relationship
with pollen count. Meteorological parameters consisted of
monthly and intradiurnal average of temperature (degree
Celsius, °C), relative humidity (%), wind speed (knot, kn),
and the average duration of sunshine (hour, h) (Figures 5A,B).
The amount of rainfall (milliliter, mm) (Figure 5C) was
obtained from the recorded data each month. Spearman’s
rank correlation (non-parametric correlation) analysis was
performed to test the association of the pollen concentration
and the meteorological data. The overall pollen concentration
showed a negative correlation with relative humidity (ry =
—0.389, p-value < 0.0001) and amount of rainfall (r; = —0.203,
p-value < 0.005), whereas a positive correlation was found
with temperature (r; = 0.161, p-value < 0.05) (Figure 5D).

The negative correlation between pollen concentration and
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FIGURE 1

Variations of pollen quantity throughout seasons. Heat map generated based on the median of each pollen species illustrates airborne pollen

distribution throughout the year. Error bars of violin plots represent median and interquartile range.
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relative humidity was statistically significant for all pollen types
except Arecaceae. Pollen concentration was also found to be
negatively correlated with rainfall for Poaceae. Temperature
had a significant positive correlation with pollen counts of
Arecaceae, Typhaceae, Amaranthaceae, and Others. Sunshine
duration was found to be strongly correlated with pollen
counts of Casuarinaceae, Caesalpinioideae, and Others; while
wind speed had a positive correlation with Typhaceae and
Amaranthaceae pollen counts.

4. Discussion

As of 2019, an up-to-date study of allergic rhinitis
(AR) reported slightly higher incidences (13-24%) in Thai
children than the average Asia-Pacific prevalence (6-15%),
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and global prevalence (9-16%) (30). According to several
previous studies, bioaerosols, especially airborne pollen, have
confirmed the remarkable clinical impact to cause severe
allergic respiratory diseases (31). Allergies such as pollen
allergies are increasing also due to urbanization and climate
change (32). Therefore, updated information about atmospheric
pollen, particularly types and concentrations throughout diurnal
cycles and seasons in each locality is much-needed. Due to
a number of limitations, aeropollen surveys from countries
in tropical/subtropical regions, including Thailand, are not
frequently reported.

This study provides the information about airborne pollen
dynamics, especially quantity and diversity affected by diurnal
and seasonal fluctuations as well as different heights above
ground. The experimental site was chosen because it has an
open walkway at different heights appropriate for the study
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Overall 0.161* 0.289 -0.389**** 0.017 -0.203**
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Arecaceae 0.168* -0.063 -0.116 0.018 0.039
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Caesalpinioideae -0.021 0.370* -0.192** 0.138 -0.107
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the following asterisks: at *(p < 0.05), **(p < 0.005), ***(p < 0.001), and ****(p < 0.0001).

Meteorological data, total pollen concentration and their correlation. Meteorological records by (A) month and (B) time of collections including
temperature, relative humidity, wind speed, and sunshine duration. (C) Amount of rainfall and number of days with precipitation. (D) Correlation
analysis of meteorological variations and atmospheric pollen concentrations using Spearman’s rank correlation at a significant level of 0.05.

Error bars represent standard deviation (SD).
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design and situated in an area not significantly different from
other Bangkok metropolitan areas in terms of vegetation or
meteorological factors. The highest concentration of total pollen
at 446 grains/m3 was found in November, consistent with
previous studies from this region with the maximum pollen
concentration during September to February (18, 33). The
lowest total concentration of airborne pollen was observed in
July at an average <65 grains/m>. The pollen counts in all other
months were >70 pollen grains/m>. Interestingly, the lowest
airborne pollen concentration recorded in July was even greater
than the high level of most standards (34). The standard of
recommendation to categorize pollen levels reported from the
Scottish Center for Pollen Studies, for example, was divided
into 3 groups including low (<50 grains/m3), medium (51—
100 grains/m3), and high (>100 grains/mS) (34). Compared
to previous surveys in Bangkok in 1980 and 2012-2013, the
recorded monthly concentrations in this study were similar
(18). This observation suggested that people who lived in
Bangkok have been exposed to an extremely high level of
aeropollen year-round.

Airborne pollen recorded in this survey was identified
as members of six heterogenous plant families. Aeropollen
from less dominant plant families were grouped together
and refered to Others. Among the collected pollen, Poaceae
was the most dominant throughout the year. Typhaceae and
Amaranthaceae were also previously found to rank among the
top-5 airborne pollens in Bangkok. Interestingly, these three
allergenic pollen were predominant in the northeast monsoon
season (September-February), congruent with that reported in
the previous study (18). These results strongly suggest that
atopic patients with AR symptoms worsening during these
months should be tested for pollen sensitization, especially
Poaceae, Typhaceae, and Amaranthaceae pollen.

Interestingly, the total pollen counts from 7a.m. to 7 p.m.
showed almost equal distribution in all time points, although the
highest average concentration was found at 1 p.m. According
to previous studies, maximum pollen count was found in late
morning between 9 and 11 a.m., together with gradual increase
of temperature, and gradual decrease of relative humidity and
wind speed (19, 35). Several studies in the Americas and
Europe showed that maximum concentrations of most pollen
types were recorded at midday or noon (21, 36, 37). This
difference is speculated to be due to the effects of local flora
combined with temperature and wind direction to drive the
pollen distribution from pollinating trees to the collection
points (21). Although the diurnal cycles of anther opening are
genetically determined, the hourly dynamics of atmospheric
pollen load, in particular, is related to meteorological parameters
in each season of individual study sites (38, 39). In addition, the
number of airborne pollen grains is also related to pollination
timing. The alder (Alnus) pollen counts in two different climate
regions of Poland, namely Rzeszéw and Szczecin, showed that
the highest quantity of alder pollen in Rzeszéw was found at
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the beginning of pollination while high pollen count in Szczecin
was recorded throughout the pollination period. Significantly,
the timing of pollination is also related to meteorological factors.
For example, the pollination timing could be delayed as a result
of low temperature and solar radiation, but high velocity wind
can lead to changes in diurnal rhythms of airborne pollen
concentration (40).

Temperature, relative air humidity, precipitation, wind
speed, and total sunshine duration are recognized as the
important meteorological parameters that determine aeropollen
concentration (41, 42). Temperature is the most important
factor influencing variations in airborne pollen concentration.
It seems evident that higher temperatures accelerate the process
of ripening of the flowers, and, consequently, the starting
dates of the pollen season will be earlier. However, the
effect of temperature on these processes is complex, and
other environmental factors may be of great influence (43).
Consequences of global climate change are structured into
two main categories: direct effects (an extreme increase of
average temperature) and indirect effects (such as disturbances
of ecological systems and biological effects including alteration
of pollen release) (44). A study from Iowa, USA demonstrated
that the delayed occurrence of daily airborne pollen shed peak
in 2004 (after 10 a.m.) compared to 2003 (at 9-10a.m.) was a
result of lower average air temperature in 2004 (45). Likewise,
a study from the Netherlands reported a strong correlation
between temperature and timing of the start of pollen season.
The study showed the start of pollen season began almost 20
days earlier in the 1990s compared to the 1970s, and a simulation
estimated that the pollen season will start up to 23 days earlier
in the 2090s compared to the 2000s. This result suggested that
the earlier start of pollen season will have consequences for
hay fever season (46). Apart from the effect of temperature on
pollen season shift, high air temperature also affects daily pollen
concentration in each area. For example, a positive statistically
significant correlation between average temperature and daily
alder pollen count was shown in the study from Poland (47). A
20-year study of meteorological variables and pollen dynamics
in Raleigh, North Carolina, a humid subtropical climate,
revealed a strong positive correlation between temperature and
airborne pollen concentration, particularly tree pollen (48). Our
study also showed that temperature positively correlated with
pollen count, especially with the weed pollen types (Typhaceae
and Amaranthaceae).

Temperature and carbon dioxide (CO;) concentration are
rising globally. In Japan, the temperature has increased by an
average of 1.16°C in the past century (49, 50). As a result of
the elevation of temperature and CO, concentration, metabolic
processes including water uptake and photosynthesis in pollen-
producing plants are increased, consequently, promoting pollen
production (51). Moreover, airborne pollen concentration
positively correlates with sunshine duration as shown in several
previous studies. Daily alder pollen counts in Poland and cedar
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and cypress pollen counts in Japan were also shown to have a
positive association with sunshine hours (47, 50). Similar to our
study results, sunlight hour was positively correlated with the
Casuarinaceae and Caesalpinioideae pollen types, which mainly
consist of shrubs and trees. For these two groups, there was a
minor peak of pollen concentration in February to March, which
was likely contributed by species with long-day flowering habits.
In this survey, the maximum concentration of total aeropollen
was recorded in November, in which short-day plants respond to
an increase in temperature and decreased daylength by flowering
and releasing pollen grains. The highest count of total airborne
pollen could also be due to other meteorological parameters such
as low wind speed and relative humidity as well as less rainfall.
Long sunshine duration can also impact pollen dispersion. For
temperate regions, higher temperature and sunnier climates can
be exposed to ultraviolet (UV) radiation for longer periods,
resulting in higher pollen counts because UV light is likely
to influence vegetative growth and flower initiation (52, 53).
However, in the subtropical/tropical regions, extremely high
ambient temperatures could also inhibit flowering, as seen in
April in our study.

Previous studies showed that airborne pollen loads were
low when the amount of precipitation was high (47, 54). In
concordance with the previous studies, our study found that
pollen concentration was negatively correlated with relative
humidity and rainfall. After the southwest monsoon season
(June-October), the relative humidity dropped and the overall
airborne pollen concentration obviously increased. The overall
pollen concentration peaked in the month of decreased days
with precipitation and amount of rainfall (November). This
phenomenon could be due to several reasons. First, high relative
air humidity during precipitations restricts anther opening,
leading to low amounts of pollen release. Second, highly
hygrophilous cells of pollen grains are rapidly hydrated under
high humidity and consequently increasing their weight and
depositing them on the ground by gravity (20). High relative
air humidity during precipitations restricts the anther opening
leading to low amounts of pollen release (54). In addition,
rainfall collects pollen grains suspended in the air leading to their
agglomeration, followed by falling to the ground resulting in
the decrease in atmospheric airborne pollen concentration (55).
Third, airborne pollen could completely rupture and release
cytoplasmic contents upon hydration, and thereby could not be
counted in pollen surveys. The pollen rupture could be highly
synchronized and releases allergenic content simultaneously,
leading to the thunderstorm allergy and asthma attacks (56, 57).
The pollen grains and allergenic particles on the ground can
become airborne again via a redeposition process by the wind
(54). Apart from the effects of wind and precipitation on pollen
load, the extreme or unusual weather conditions such as strong
wind or heavy rain was a limitation in this study. In such events,
pollen collection was shifted to the following day to reduce the
outlier data points.
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Height from the ground could affect variation of aeropollen.
Accurate counts of local pollen can be obtained at a lower height,
whereas the study of daily pollen dispersion is more appropriate
at a greater height (58). Generally, most airborne particulates
are measured at approximately 10-30m above ground level
(59). However, several previous studies reported that pollen
quantity and/or diversity at nearly ground level was higher
than at elevated heights. For example, a study from mainland
China revealed that the highest concentration of both total
annual and average daily pollen was significantly found at 1.5m
above ground compared to 35-70 m (60). Routine monitoring
of aeroallergens in Finland found that daily concentrations of
most pollen types such as grass and weed was higher at ground
level than at roof level—about 15 m above ground (59). Likewise,
a study from Spain showed greater heterogeneity of airborne
pollen types at 1.5m (average human height) compared to
15m (standard sampling height) (58). In this study, we found
the highest pollen concentration of Arecaceae at 2m above
ground, where most human exposure occurs, and the quantity
of these pollen types declined gradually with increasing height.
Conversely, the counts of other dominant pollen types including
Typhaceae, Amaranthaceae, and Caesalpinioideae increased
with increasing height and we found the peak concentration of
these three pollen types at 18 m from the ground. This result
could be predominantly related to the quantity of big- and
medium-sized airborne pollen, which are big particulates with
a large mass and a high settling velocity, and, as consequence,
the pollen concentration at lower height is greater (60, 61).

Apart from the effect of pollen size, the prevalence of
airborne pollen types is related to local vegetation sources (23,
62). The high concentration of Arecaceae (palm) pollen in this
study was not reported in previous airborne pollen surveys
in Bangkok, which was most likely a result of the existence
of Arecaceae trees nearby the sampling area. The Arecaceae
pollen concentration declined sharply as height increased,
suggesting that its dispersion was likely limited to local areas.
In addition, the grain size of Aracaceae pollen is larger, further
supporting that this pollen type cannot travel long distances. The
concentration of predominant pollen type such as Poaceae (grass
family) was recorded at 10 m above ground, possibly because
physical barriers at the ground/near-ground level including trees
and buildings interrupted the dispersion of these pollen types
into the elevated height. In reality, the local newly dispersed
pollen, pollen from a distant location, and re-distributed pollen
all contributed to the total pollen concentration at a given
time. The fact that we observed pollen peak time for almost
all species suggests that diurnal cycle was a major factor of the
pollen concentration, and that local vegetation is likely the key
contributor. Importantly, this study and previous studies suggest
that living at greater heights does not necessarily reduce pollen
exposure. Therefore, patients sensitized to pollen who live in
high-rise buildings should be recommended to take the same
precautions as those living near ground level.
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5. Conclusion

In conclusion, this study reported an aeropollen survey
in Bangkok, the capital city of Thailand. The peak pollen
concentrations were recorded in November and December,
while the lowest pollen count was found in July. The
dominant pollen types were Poaceae followed by Arecaceae
and Typhaceae. The average pollen quantity was highest from
late morning (10a.m.) to early noon (1 p.m.). The highest
pollen concentration was observed at 10 m above ground. This
study also illustrated the correlation between airborne pollen
quantity and local meteorological factors. Understanding these
relationships can help with predictions of airborne pollen type
and quantity.

Data availability statement
The original contributions presented in the study are

included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Author contributions

WS:
acquisition. WS, YJ, SS, and US: methodology, investigation,

conceptualization,  supervision, and funding
and writing—review and editing. YJ and SS: data curation. WS
and YJ: writing—original draft preparation and visualization.
All authors contributed to the article and approved the

submitted version.

References

1. Centers for Disease Control and Prevention. Allergies and hay fever,
summary health statistics: national health interview survey. Natl Cent Heal Stat.
(2019) 250:89.

2. Sarfaty M, Kreslake J, Bloodhart B, Price K, Montoro M,
Casale T, et al. Views of allergy specialists on the health effects of

climate change. Key findings: membership survey of the American
academy of allergy, asthma and immunology. Georg Mason Univ
Cent Clim Chang Commun. (2015) 4:333-5. doi: 10.1016/j.jaip.2015.

09.018

3. D’Amato G, Cecchi L, Bonini S, Nunes C, Annesi-Maesano I, Behrendt
H, et al. Allergenic pollen and pollen allergy in Europe. Allergy Eur
J Allergy Clin Immunol. (2007) 62:976-90. doi: 10.1111/j.1398-9995.2007.
01393.x

4. D’Amato G, Lobefalo G. Allergenic
Mediterranean  area. ]  Allergy  Clin
22. doi: 10.1016/0091-6749(89)90485-5

5. Gergen PJ, Turkeltaub PC, Kovar MG. The prevalence of allergic
skin test reactivity to eight common aeroallergens in the US population:
results from the second national health and nutrition examination survey.
J Allergy Clin Immunol. (1987) 80:669-79. doi: 10.1016/0091-6749(87)
90286-7

6. Altintag DU, Karako¢ GB, Yilmaz M, Pinar M, Kendirli SG, Cakan
H. Relationship between pollen counts and weather variables in east-
mediterranean coast of Turkey: does it affect allergic symptoms in pollen allergic

southern
83:116-

pollens in the
Immunol.  (1989)

Frontiersin Public Health

12

10.3389/fpubh.2022.1067034

Acknowledgments

The authors would like to thank the Center of Excellence
on Environmental Health and Toxicology (EHT), Office of
the Permanent Secretary (OPS), Ministry of Higher Education,
Science, Research and Innovation (MHESI) for their excellent
technical support. We appreciate the National Research Council
of Thailand (NRCT) Development of Siriraj Pollen Allergen
Vaccine (SPAV) From Research to Industry project for
supporting survey equipment. We are grateful to Emeritus Prof.
Chaweewan Bunnag for research direction and guidance. We
deeply appreciate the help from Dr. Thomas N. Stewart in
proofreading the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

children? Clin Dev Immunol. (2004) 11:87-96. doi: 10.1080/10446670410001
670544

7. Anderson W, Prescott GJ, Packham S, Mullins ], Brookes M, Seaton
A. Asthma admissions and thunderstorms: a study of pollen, fungal
spores, rainfall, and ozone. Q/M. (2001) 94:429-33. doi: 10.1093/qjmed/94.
8.429

8. Campbell SL, Hughes PDE Jones P], Remenyi TA, Chappell K, White
CJ, et al. Evaluating the risk of epidemic thunderstorm asthma: Lessons from
Australia. Int ] Environ Res Public Health. (2019) 16:1-12. doi: 10.3390/ijerph16
050837

9. Chen K, Liao Y, Zhang J. The major aeroallergens in Guangxi, China. Clin Exp
Allergy. (1988) 18:589-96. doi: 10.1111/j.1365-2222.1988.tb02910.x

10. Erbas B, Akram M, Dharmage SC, Tham R, Dennekamp M,
Newbigin E, et al. The role of seasonal grass pollen on childhood
asthma emergency department presentations. Clin Exp Allergy. (2012)
42:799-805. doi: 10.1111/j.1365-2222.2012.03995.x

11. Kizilpinar I, Civelek E, Tuncer A, Dogan C, Karabulut E, Sahiner
UM, et al. Pollen counts and their relationship to meteorological factors
in Ankara, Turkey during 2005-2008. Int ] Biometeorol. (2011) 55:623-
31. doi: 10.1007/s00484-010-0363-8

12. Sritipsukho P. Aeroallergen sensitivity among Thai children with allergic
respiratory diseases: a hospital-based study. Asian Pacific ] Allergy Immunol.
(2004) 22:91-5.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1067034
https://doi.org/10.1016/j.jaip.2015.09.018
https://doi.org/10.1111/j.1398-9995.2007.01393.x
https://doi.org/10.1016/0091-6749(89)90485-5
https://doi.org/10.1016/0091-6749(87)90286-7
https://doi.org/10.1080/10446670410001670544
https://doi.org/10.1093/qjmed/94.8.429
https://doi.org/10.3390/ijerph16050837
https://doi.org/10.1111/j.1365-2222.1988.tb02910.x
https://doi.org/10.1111/j.1365-2222.2012.03995.x
https://doi.org/10.1007/s00484-010-0363-8
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Juprasong et al.

13. Ishibashi Y, Ohno H, Oh-Ishi S, Matsuoka T, Kizaki T, Yoshizumi K.
Characterization of pollen dispersion in the neighborhood of Tokyo, Japan in
the spring of 2005 and 2006. Int J Environ Res Public Health. (2008) 5:76—
85. doi: 10.3390/ijerph5020076

14. Lo E Bitz CM, Battisti DS, Hess JJ. Pollen calendars and
maps of allergenic pollen in North America. Aerobiologia. (2019)
35:613-33. doi: 10.1007/s10453-019-09601-2

15. Sun L, Xu Y, Wang Y, Lou Y, Xu Y, Guo Y. Species and quantity of airborne
pollens in Shanghai as monitored by gravitational and volumetric methods. Asian
Pacific ] Allergy Immunol. (2017) 35:38-45. doi: 10.12932/AP0743

16. Camacho I, Caeiro E, Nunes C, Morais-Almeida M. Airborne pollen calendar
of Portugal: a 15-year survey (2002-2017). Allergol Immunopathol. (2019) 48:194-
201. doi: 10.1016/j.aller.2019.06.012

17. Hong CS, Hwang Y, Oh SH, Kim HJ, Huh KB, Lee SY. Survey
of the airborne pollens in Seoul, Korea. Yonsei Med ]. (1986) 27:114-
20. doi: 10.3349/ym|.1986.27.2.114

18. Songnuan W, Bunnag C, Soontrapa K, Pacharn P, Wangthan U,
Siriwattanakul U, et al. Airborne pollen survey in Bangkok, Thailand:
A 35-year update. Asian Pacific ] Allergy Immunol. (2015) 33:253-62.
doi: 10.12932/AP0571.33.3.2015

19. Boral D, Chatterjee S, Bhattacharya K. The occurrence and allergising
potential of airborne pollen in West Bengal, India. Ann Agric Environ Med.
(2004) 11:45-52.

20. Celenk S, Canitez Y, Bicakci A, Sapan N, Malyer H. An aerobiological study
on pollen grains in the atmosphere of North-West Turkey. Environ Monit Assess.
(2009) 158:365-80. doi: 10.1007/510661-008-0590-1

21. Norris-Hill ], Emberlin J. Diurnal variation of pollen
concentration in the air of north-central London. Grana. (1991)
30:229-34. doi: 10.1080/00173139109427803

22. Rahman A, Luo C, Chen B, Haberle S, Khan MHR, Jiang W, et al.
Regional and seasonal variation of airborne pollen and spores among the cities
of South China. Acta Ecol Sin. (2019) 40:238-95. doi: 10.1016/j.chnaes.2019.
05.012

23. Xu J-X, Zhang D-S, Li L-H. Seasonal variations of airborne pollen in Beijing,
China and their relationships with meteorological factors. Acta Ecol Sin. (2012)
32:202-8. doi: 10.1016/j.chnaes.2012.05.002

24. Bigak¢i A, Olgun G, Aybeke M, Erkan P, Malyer H. Analysis of
airborne pollen fall in Edirne, Turkey. Acta Bot Sin. (2004) 46:1149-54.
doi: 10.2478/511756-006-0076-y

25. Gonzalo-Garijo MA, Tormo-Molina R, Mufoz-Rodriguez AF, Silva-Palacios
I. Differences in the spatial distribution of airborne pollen concentrations
at different urban locations within a city. J Investig Allergol Clin Immunol.
(2006) 16:37-43.

26. Worldometers. World Population by Region. Los Angeles: Worldometers
(2021). Available online at: https://www.worldometers.info/world-population/
population-by-region/ (accessed September 20, 2021).

27. Frenz DA, Elander JC. A calibration program for Rotorod samplers. Ann
Allergy Asthma Immunol. (1996) 76:245-6. doi: 10.1016/S1081-1206(10)63434-5

28. Frenz DA, Guthrie BL. A rapid, reproducible method for coating Rotorod
Sampler collector rods with silicone grease. Ann Allergy Asthma Immunol. (2001)
87:390-3. doi: 10.1016/S1081-1206(10)62920-1

29. Thai Climatological Group. The Climate of Thailand. Thai Meteorol Dep.
(2015) 25:267-80.

30. Chinratanapisit S, Suratannon N, Pacharn P, Sritipsukho P, Vichyanond P.
Prevalence and severity of asthma, rhinoconjunctivitis and eczema in children
from the Bangkok area: the global asthma network (GAN) phase 1. Asian Pacific
J Allergy Immunol. (2019) 37:226-31. doi: 10.12932/AP-120618-0336

31. D’Amato G, Spieksma FTM, Liccardi G, Jager S, Russo M, Kontou-Fili K,
et al. Pollen-related allergy in Europe. Allergy Eur ] Allergy Clin Immunol. (1998)
53:567-78. doi: 10.1111/j.1398-9995.1998.tb03932.x

32. Lake IR, Jones NR, Agnew M, Goodess CM, Giorgi F Hamaoui-Laguel L,
et al. Climate change and future pollen allergy in Europe. Environ Health Perspect.
(2017) 125:385-91. doi: 10.1289/EHP173

33. Bunnag C, Dhorranintra B, Limsuvan S. Airborne pollen in Bangkok
metropolis: I. Incidence and seasonal variation. Siriraj Med J. (1986) 38:773-81.

34. Katelaris CH, Burke TV, Byth K. Spatial variability in the pollen
count in Sydney, Australia: can one sampling site accurately reflect the
pollen count for a region? Ann Allergy Asthma Immunol. (2004) 93:131-
6. doi: 10.1016/S1081-1206(10)61464-0

Frontiersin Public Health

10.3389/fpubh.2022.1067034

35. Tosunoglu A, Bicakci A. Seasonal and intradiurnal variation of airborne
pollen concentrations in Bodrum, SW Turkey. Environ Monit Assess. (2015)
187:4384. doi: 10.1007/s10661-015-4384-y

36. Diaz de la Guardia C, Valle F, Alonso R, Romera R. Annual, daily and diurnal
variations in pollen from Olea europaea L. in the atmosphere of Granada (Spain). J
Investig Allergol Clin Immunol. (1993) 3:251-7.

37. Jones B, Barnes C, Portnoy J, Hu F. Diurnal variation of airborne ragweed
pollen in a metropolitan area: an 8 years perspective. J Allergy Clin Immunol. (2006)
117:529. doi: 10.1016/j.jaci.2005.12.120

38. Gassmann MI, Pérez CE Gardiol JM. Sea-land breeze in a coastal
city and its effect on pollen transport. Int ] Biometeorol. (2002) 46:118-
25. doi: 10.1007/s00484-002-0135-1

39. Kipyld M. Diurnal variation of tree pollen in the air in Finland. Grana. (1984)
23:167-76. doi: 10.1080/00173138409427712

40. Puc M, Kasprzyk I The patterns of Corylus and Alnus pollen
seasons and pollination periods in two Polish cities located in different
climatic regions. Aerobiologia. (2013) 29:495-511. doi: 10.1007/s10453-013-
9299-x

41. Puc M. The effect of meteorological conditions on hazel (Corylus spp.) and
alder (Alnus spp.) pollen concentration in the air of Szczecin. Acta Agrobot. (2007)
60:65-70. doi: 10.5586/aa.2007.032

42. Rodriguez-Rajo FJ, Dopazo A, Jato V. Environmental factors affecting the
start of pollen season and concentrations of airborne Alnus pollen in two localities
of Galicia (NW Spain). Ann Agric Environ Med. (2004) 11:35-44.

43. Frenguelli G, Spieksma FTM, Bricchi E, Romano B, Mincigrucci G, Nikkels
AH, et al. The influence of air temperature on the starting dates of the pollen season
of alnus and populus. Grana. (1991) 30:196-200. doi: 10.1080/001731391094
27799

44. McMichael AJ, Haines JA, Slooff R, Sari Kovats R. Climate Change and
Human Health: An Assessment Prepared by a Task Group on Behalf of the World
Health Organisation, The World Meteorological Organisation, and the United
Nations Environmental Programme. Geneva: World Health Organization (1996).

45. Viner BJ, Westgate ME, Arritt RW. A model to predict diurnal pollen shed in
maize. Crop Sci. (2010) 50:235-45. doi: 10.2135/cropsci2008.11.0670

46. van Vliet AJH, Overeem A, De Groot RS, Jacobs AFG, Spieksma FTM.
The influence of temperature and climate change on the timing of pollen
release in the Netherlands. Int J Climatol. (2002) 22:1757-67. doi: 10.1002/
joc.820

47. Dabrowska-Zapart K, Chiopek K, Niedzwiedz T. The impact
of meteorological conditions on the concentration of alder pollen
in Sosnowiec (Poland) in the years 1997-2017. Aerobiologia. (2018)
34:469-85. doi: 10.1007/s10453-018-9524-8

48. Gareton J. Temporal analysis of the relationship between meteorological
factors and pollen abundance in Raleigh, North Carolina. Spotlight Clim Chang
Res. (2019) 2019:1-45. doi: 10.35831/ccr.jg112019

49. Hansen J, Sato M, Ruedy R, Lo K, Lea DW, Medina-Elizade M.
Global temperature change. Proc Natl Acad Sci U S A. (2006) 103:14288-
93. doi: 10.1073/pnas.0606291103

50. Shah SA, Takeuchi K. Association between Japanese cedar and cypress pollen
counts and climate factors over a 10-year period in Tsu city, Japan. Aerobiologia.
(2020) 36:291-7. doi: 10.1007/s10453-020-09632-0

51. Ishii K, Hamamoto H, Sekimizu K. A novel method to suppress the dispersal
of Japanese cedar pollen by inducing morphologic changes with weak alkaline
solutions. Drug Discov Ther. (2007) 1:124-9.

52. Barnes C, Pacheco E Landuyt J, Hu E Portnoy J. The effect of
temperature, relative humidity and rainfall on airborne ragweed pollen
concentrations. ~ Aerobiologia.  (2001) 17:61-8. doi:  10.1023/A:1007693
032090

53. Silverberg JI, Braunstein M, Lee-Wong M. Association between
climate factors, pollen counts, and childhood hay fever prevalence in the
United States. J Allergy Clin Immunol. (2015) 135:463-9. doi: 10.1016/j.jaci.2014.
08.003

54. Lipiec A, Puc M, Kruczek A. Exposure to pollen allergens in allergic
rhinitis expressed by diurnal variation of airborne tree pollen in urban
and rural area. Otolaryngol Pol. (2019) 73:1-6. doi: 10.5604/01.3001.00
13.1532

55. Palacios IS, Molina RT, Rodriguez AFM. The importance of interactions
between meteorological conditions when interpreting their effect on the dispersal
of pollen from homogeneously distributed sources. Aerobiologia. (2007) 23:17-
26. doi: 10.1007/510453-006-9041-z

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1067034
https://doi.org/10.3390/ijerph5020076
https://doi.org/10.1007/s10453-019-09601-2
https://doi.org/10.12932/AP0743
https://doi.org/10.1016/j.aller.2019.06.012
https://doi.org/10.3349/ymj.1986.27.2.114
https://doi.org/10.12932/AP0571.33.3.2015
https://doi.org/10.1007/s10661-008-0590-1
https://doi.org/10.1080/00173139109427803
https://doi.org/10.1016/j.chnaes.2019.05.012
https://doi.org/10.1016/j.chnaes.2012.05.002
https://doi.org/10.2478/s11756-006-0076-y
https://www.worldometers.info/world-population/population-by-region/
https://www.worldometers.info/world-population/population-by-region/
https://doi.org/10.1016/S1081-1206(10)63434-5
https://doi.org/10.1016/S1081-1206(10)62920-1
https://doi.org/10.12932/AP-120618-0336
https://doi.org/10.1111/j.1398-9995.1998.tb03932.x
https://doi.org/10.1289/EHP173
https://doi.org/10.1016/S1081-1206(10)61464-0
https://doi.org/10.1007/s10661-015-4384-y
https://doi.org/10.1016/j.jaci.2005.12.120
https://doi.org/10.1007/s00484-002-0135-1
https://doi.org/10.1080/00173138409427712
https://doi.org/10.1007/s10453-013-9299-x
https://doi.org/10.5586/aa.2007.032
https://doi.org/10.1080/00173139109427799
https://doi.org/10.2135/cropsci2008.11.0670
https://doi.org/10.1002/joc.820
https://doi.org/10.1007/s10453-018-9524-8
https://doi.org/10.35831/ccr.jg112019
https://doi.org/10.1073/pnas.0606291103
https://doi.org/10.1007/s10453-020-09632-0
https://doi.org/10.1023/A:1007693032090
https://doi.org/10.1016/j.jaci.2014.08.003
https://doi.org/10.5604/01.3001.0013.1532
https://doi.org/10.1007/s10453-006-9041-z
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Juprasong et al.

56. Siriwattanakul U, Piboonpocanun S, Songnuan W. Rapid pollen rupture
and release of pollen cytoplasmic granules upon hydration of allergenic grass
and weed species commonly found in subtropical regions. Aerobiologia. (2019)
35:719-30. doi: 10.1007/5s10453-019-09611-0

57. D’Amato G, Liccardi G, Frenguelli G. Thunderstorm-asthma and pollen
allergy. Allergy. (2007) 62:11-6. doi: 10.1111/§.1398-9995.2006.01271.x

58. Alcazar P, Galan C, Carinanos P, Dominguez-Vilches E. Diurnal variation
of airborne pollen at two different heights. J Investig Allergol Clin Immunol.
(1999) 9:89-95.

59. Rantio-Lehtimaki A, Koivikko A, Kupias R, Mikinen Y, Pohjola A.
Significance of sampling height of airborne particles for aerobiological

Frontiersin Public Health

14

10.3389/fpubh.2022.1067034

information. 46:68-76.  doi:

tb00545.x

60. Xiao X, Fu A, Xie X, Kang M, Hu D, Yang P, et al. An investigation of
airborne allergenic pollen at different heights. Int Arch Allergy Immunol. (2013)
160:143-51. doi: 10.1159/000339673

Allergy.  (1991) 10.1111/j.1398-9995.1991.

61. Rojo ], Oteros ], Pérez-Badia R, Cervigén P, Ferencova Z, Gutiérrez-Bustillo
AM, et al. Near-ground effect of height on pollen exposure. Environ Res. (2019)
174:160-9. doi: 10.1016/j.envres.2019.04.027

62. Rojo J, Oteros J, Picornell A, Ruéff F, Werchan B, Werchan M, et al. Land-
use and height of pollen sampling affect pollen exposure in Munich, Germany.
Atmosphere. (2020) 11:1-14. doi: 10.3390/atmos11020145

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1067034
https://doi.org/10.1007/s10453-019-09611-0
https://doi.org/10.1111/j.1398-9995.2006.01271.x
https://doi.org/10.1111/j.1398-9995.1991.tb00545.x
https://doi.org/10.1159/000339673
https://doi.org/10.1016/j.envres.2019.04.027
https://doi.org/10.3390/atmos11020145
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Exploring the effects of seasons, diurnal cycle, and heights on airborne pollen load in a Southeast Asian atmospheric condition
	1. Introduction
	2. Materials and methods
	2.1. Sampling area and pollen collection
	2.2. Pollen identification and counting
	2.3. Meteorological data
	2.4. Statistical analysis and data illustration

	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


