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Abstract

Pollen, climatic variables and air pollutants coexist in nature with the potential to interact
with one another and play a crucial role in increasing allergic diseases. The current study
evaluates the influence of meteorological parameters and air pollutants on the airborne pollen
in an urban city, Chandigarh, situated in the Indo-Gangetic Plains. Airborne pollen
monitoring was done following Spanish Aerobiological Network guidelines and dynamics of
daily total pollen and six most abundant taxa were studied from June 2018 to June 2020.
Among meteorological parameters, temperature and wind were the most correlated and
influential parameters to airborne pollen concentration. Annual Pollen Integral (APIn) of
Cannabis sativa (r=0.52), Parthenium hysterophorus (r =0.271, P0aceae (r =0.32) and total
pollen concentration (r=0.30) showed a statistically signiiicar¢ positive correlation with
temperature. In contrast, precipitation and relative humid.*v n:gatively correlated with APIn
of total pollen concentration, Eucalyptus sp. en Moaceae except for Parthenium
hysterophorus and Celtis occidentalis. Similar resu,.= were found with Seasonal Pollen
Integral (SPIn) of total pollen concentration, <1x major taxa and meteorological variables.
Spearman correlation performed for NOx si,owed a significant positive correlation among
APIn and SPIn of Celtis occidentalis an.' ir.significant among APIn and SPIn of Eucalyptus
sp. and Morus alba. In contrast, exce,t for Eucalyptus sp., PMio and PM, 5 were negatively
correlated among APIn and SPIr 71 ‘otal pollen concentration and other major taxa.
Spearman's correlation of APIn anu SPIn for each pollen taxon, meteorological parameters
and air pollutants suggests u.at each taxon has a different pattern in response to all
parameters. The study fina.~as suggest that pollen response must be examined at the taxon
level, not the assemblage lev::l, having long time-series data. This will help to compute future
scenarios of changing er vironmental factors and comprehend the relationships and trends

among meteorology, air pollutants and aerobiology.

Keywords: climatic variables; airborne pollen concentration; Annual Pollen Integral
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1. Introduction

Pollen are the most abundant primary biological airborne particles (PBAPs) among different
atmospheric bioaerosols (Frohlich-Nowoisky et al., 2016). These bioaerosols are considered
as the most common outdoor allergen responsible for exacerbating respiratory illnesses,
majorly asthma and chronic obstructive pulmonary diseases (COPD) and significantly impact
the 'patient's quality of life (QOL) (Poole et al., 2019). Apart from this, pollen are also
accountable for causing allergic rhinitis in around 20-30% of the population worldwide
(Pawankar et al., 2013; Cecchi et al., 2010; Ravindra et al., 2021a). Further, the changing
climate also worsened the pollen trends from the past two de :ades (Anderegg et al., 2021).
Enhanced pollen production, change in pollen morphology, Ie:zer sollen seasons and altered
distribution are reported to be directly influenced by climz*e J.ange (Beggs, 2004; Poole et
al., 2019).

The airborne pollen concentration is primarily inficencad by geographical location, plant
reproductive biology, phenology, and pollinators ‘Damialis et al., 2020). Pollen release and
dispersal depend on weather conditions, i.e . te.>perature, precipitation, relative humidity,
wind speed and direction, etc. (Beggs, 27,04° Bisnan et al., 2020) and also on the topography
that exists within the particular area (Fang eu al., 2018; Li et al., 2018). Moreover, changes in
the temperature, relative humidity aru nrecipitation are known to interfere with the amount of
pollen production, daily pollen c~ncontration, length and time of pollen season, pollen
distribution and allergen contnt, ~ollen fertility and pollen viability (Beggs et al., 2015;
Majeed et al., 2018). In additicn, regional and long-range transportation of pollen with the
movement of air masses rro, 1 one place to another also exposes the susceptible individuals to
new and novel allerge.s (Clot, 2003). This strong association between meteorological
parameters and airborne pollen became more apparent when long-term data sets were
examined. Therefore, extensive assessments of changing environmental conditions on diverse
species can be considered over time to understand the pollen dynamics (Bruffaerts et al.,
2018; Majeed et al., 2018).

As the air pollution is increasing, the pollen (biological particles) and air pollutants (non-
biological particles and gases, for example, particulate matter (PM), ozone (O3), nitrogen
oxide (NOy), etc.) coexist in nature with more potential to interact with one another and
exacerbate their adverse effects on human health. Acute and chronic exposure to various

pollutants, for example, nitrogen dioxide, ozone and particulate matter, intensify airway



responsiveness to pollen in atopic individuals (Sousa et al., 2012; Zhao et al., 2016).
Atmospheric pollutants not only affect the pollen morphology like thinning in exine layer,
exine rupture, shrinkage in grain size, etc. (Motta et al., 2006, Suéarez-Cervera et al., 2008)
but is also engaged in changing its allergenic content (Beck et al., 2013). They can modify
the exine structure and promote the release of sub-pollen particles (SPPs) that contain
allergens, which will increase the availability of airborne allergens (Singer et al., 2005;
Azzazy, 2016). Therefore, this is possible that individuals in polluted areas are more likely to
suffer from pollen-allergies than non-polluted areas (Chehregani et al., 2004; Sénéchal et al.,
2015). Many evidence indicates metropolitan regions have higher rates of respiratory
allergies than rural areas due to interactions among pollen gras:< and various air pollutants
(Ziska et al., 2000; Wan et al., 2002; D'amato et al., 2007). Chiar i et al. (2012) also reported
that the rapid urbanization with high vehicular emissions is linked with rising incidences of
pollen-induced respiratory allergies. Further studies s''gcst that air pollution is attributed to
growing incidences of pollen-induced allergies in ~avily polluted metropolitan regions
(Ghiani et al., 2012; Makra et al., 2015; Sedghy <t 4l , 2018).

Currently, most aerobiological research fuoises on the strong association between climatic
conditions and airborne pollen spectrum (+*rnandez-Rodriguez et al., 2014; Fang et al., 2018;
Majeed et al., 2018; Bishan et al., 2u20). Also, there are few studies, which discuss and
evaluate the relationship between airtorne pollen, meteorology and air pollutants (Carifianos
et al., 2021; Rahman et al., 20:9; Gduber et al., 2019), but these are majorly reported in
developed and high-incomc countries.  In India, the importance of pollen causing
""Pollinosis™ is widely v~de,~*00d and well-documented (Singh and Kumar, 2003; Basak et
al., 2019; Chaurasia, 20."), but aerobiological studies are confined to only some parts of
India (Boral and Bhatt~~!iarya, 2000; Boral et al., 2004; Mandal et al., 2008; Ghosal et al.,
2015; Ravindra et al., 2021d). Therefore, considering the significant impact of airborne
pollen on human health, the main objective of the current study is to investigate the
linkages/relationships of meteorological parameters and air pollutants (PM1o, PM; 5 and NOx)
to the airborne pollen in low and middle-income regions, India. This would be the first study
focusing on air pollutants and meteorological variables and their association with the airborne
pollen in the Indo-Gangetic Plain (IGP), a global air pollution hotspot. The current study's
findings could help to improve the understanding of complex interactions between airborne
pollen, air pollutants, and climatic variables to aid in formulating suitable mitigation policies

and minimizing the burden of pollinosis in the IGP region.



2. Data and Methodology
2.1 Site description

Chandigarh is the first planned city, located in the northern Himalayas (30°75'N 76°76'E) at
the foothills of Shivalik range of northwest part of India (Figure 1). There are different
climatic zones in India, based on the Kdppen classification system -Alpine E (ETh), Humid
subtropical C (Cwa), Tropical wet-dry A (Aw), Tropical wet A (Am), Semi-arid B (BSh),
Arid B (BWh). And the climate of Chandigarh is categorized under '‘Cwg 'category' with four
major seasons are: Pre-Monsoon (March, April and May); Mo.*<oon (June, July, August and
September); Post-monsoon (October and November) and \vinur (December, January and
February) (Ravindra et al., 2020). Its geographical locaticn 1.'ls in the presence of a distinct
subtropical climate with hot summers and cold winters [average annual temperature 38 °C -
43 °C in summers, 2 °C-10 °C in winters, and 9.7 mm of average annual precipitation)
(Ravindra et al., 2021d). In the city's master plar, araple area has been set up for parks, green
belts and green spaces. Municipal Corporat.orn “nandigarh constructed and preserved 26
large 0ardens and
over 400 green belts, spanning approximatei, 579.07 acres of area, with dense vegetation and

great floristic variety (http://mccharziaiii.gov.in/?q=gardens-green-belts).

The main sources of anthropoger ic emission for the city predominantly account for vehicular
and industrial emission, wncveas other regional activities include biomass burning
(agricultural residue and calin biomass in nearby rural areas). As per the State of
Environment Report ‘2G'6), Chandigarh has recorded the highest vehicular density, i.e., 878
motor vehicles registerea per thousand persons in India. Vehicular emissions are one of the

most significant causes of background air pollution in the city (Ravindra et al., 2020).
2.2 Aerobiological data

Atmospheric pollen records were obtained from Burkard volumetric spore sampler installed
at rooftop of Centre for Public Health (30°45'4.85"N, 76°45'43.90"E), Sector-25, Panjab
University, Chandigarh, approximately 4-5meters above the ground-level. This site actively
calculates the daily pollen concentrations (grains/m?), adhering to the guidelines specified by
Spanish Aerobiological Network (Soldevilla et al., 2007; Ravindra et al., 2021d). Only 6
pollen taxa of high interest were considered because of their abundance and allergenic

significance: Poaceae, Parthenium hysterophorus, Morus alba, Eucalyptus sp., Celtis
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occidentalis and Cannabis sativa for the period between June 2018- June 2020. The main
pollen parameters considered for the current study evaluation were: Annual Pollen Integral
(APIn- summation of the daily average of pollen concentration over a year), Seasonal Pollen
Integral (SPIn- summation of daily average pollen concentration during the main pollen
season (MPS)) (Ruiz-Valenzuela et al., 2018). Several different methods are available to
define and calculate MPS: Nilsson and Persson (1981), Andersen (1991) and Galan et al.,
(1995). The Anderson (1991) strategy of 95% seasonal pollen catch, commencing with 2.5%
of total pollen and ending with 97.5% of total pollen, was used in this investigation.

2.3 Climatological, air pollution and Land-use land cover (I LILC) data

The meteorological parameters (average temperature, relatir e h:midity, precipitation, wind
direction and speed) and atmospheric pollutant emission lrvei. for the two years (2018-2020)
were retrieved from the Meteomanz database (hi,//www.meteomanz.com/?l=1) and
Chandigarh Pollution Control Committee (CPCC), C. anc.garh (https://app.cpcbccr.com/ccr/

#/caagm-dashboard-all/caagm-landing/data), resrc~tively. The observational data taken from
the Meteomanz.com website was aggregater. tu: every 3 hours from the official weather
stations near Chandigarh and hence a re’iab'2 source. The daily 24h average of PMjo, PM35
and NOx, temperature (°C), relative humiu.ty (%) and precipitation (mm) for Chandigarh

were considered for this study.

The daily wind data, i.e., wind Jirection and speed, were also freely downloaded from the
website of Meteomanz.com -

Weather data SYNOPS/BU ™R nttp://www.meteomanz.com/index?l=1). ~ This  website
provides accurate da*ta s.'opl.ed by Chandigarh Airforce station (30°44'N, 76°53'E), located
in the northeast of the c1.y, approximately 14 km from the aerobiological station. Every 3
hours daily, data were reported for wind speed and direction, assuming the wind rose
classified into eight sectors, i.e., N, NE, E, SE, S, SW, W and NW. In order to understand the
effects of different wind data on airborne pollen transport, the study is limited to hours and
days without calm/blank wind speed. Pollen concentration rose for 2-year pollen
concentrations for each selected taxa along wind data were plotted using RStudio Desktop
version 1.3.1093.

Further, the Land-use land cover (LULC) map of the study area was retrieved using Bhuvan —
Indian  Geo-Platform  of  Indian  Space  Research  Organisation  (ISRO)

(https://bhuvan.nrsc.gov.in/home/index.php#) to understand the pollen dynamics better. A



radial circular area of 20-km was chosen around the pollen sampling location and images

were further processed using QGIS 3.16 'Hannover' version.

2.4 Statistical analysis

Statistical analysis was performed using RStudio, OpenAir-Package (www.rstudio.com),
which is a system for statistical computation and graphics. The package generates
Normalized time plots, non-parametric smoothTrend plots, Correlation plots, Windrose and
pollen concentration rose (Carslaw et al., 2012). In addition, Spearman's correlation
coefficient approach was considered to examine the potentiar »xisting relationships among
the dynamics of airborne pollen data for each taxon, me'eorclogical parameters and air
pollutants. The Spearman correlation was chosen over star.dai.! Pearson correlation because it
IS more robust and resistant to outliers (Rahman e. al., 2019). These non-parametric
correlation tests were used to examine the data to en. hasize the strength and direction of the
relationship among the number of variables =or this, three significance levels were
considered, i.e., p<0.05, p<0.01 and p<0.001.

3. Results and Discussion

3.1 Descriptive statistics of total airu~rne pollen, air pollutants and meteorological data
3.1.1 Summary plot

The time-series data were shcvn i the left-hand panel of Figure 2, with a cyan blue line
below showing available c~ta a.id a red color showing the missing data period. In contrast,
the distribution of each vanble was established in the right-hand panel using a histogram
plot. Each panel also surn, marises the key statistics, i.e., maximum, minimum, mean, median
and 95th percentile. Pollen concentration data was missing for the two periods, 18 July to 17
August 2018 and 1 January to 18 February 2020, due to some technical issues with the pollen
sampler. Meteorological data are briefly described in Figure 2 with mean temperature was
23.2 °C and the mean relative humidity was 67.2 % for 2018-2020.

PMjo and PM,5 24-hr average values exceeded the NAAQS standards and WHO guidelines
regularly, but a sharp increase was recorded in the wintertime and lower values during the
summertime. NOXx rarely exceeded their standard value, occurring in lower concentrations.
The decreasing trend may be due to government mitigation policies and adaptive measures to

reduce air pollution. Figure 2 depicts a sharp spike in PMjo and PM, 5 values in mid-Nov-Feb



in both years; NOx shows a higher spike during Nov-Feb in both years and also displayed
some higher trends in May-Jun 2019; whereas pollen concentration was consistent during the

winters and highest in the months of Feb-April during the spring season (flowering period).

The higher fraction of PMy, PM,5s and NOx levels during the winters can be attributed to
regional biomass burning, haze events, and increasing vehicular activities (Rai et al., 2021,
Ravindra et al., 2021c). Higher levels of fine particles, i.e., PM,s, can also be responsible for

the formation of secondary aerosols, as described by Ravindra et al. (2019) in Chandigarh.
3.1.2 SmoothTrend Analysis

The smoothTrend Plot function computes smooth trends in the nmianthly mean concentrations
of pollutants, pollen concentration and meteorology (~raneters. It plots monthly
concentrations, fits a smooth line to the data and display. 95 % confidence intervals for the
fit. However, in this study, the plot was a relationshir. =t een time, pollutant concentration,
pollen concentration and meteorological parameter .-, a trend and daily fluctuations of
parameters. The primary benefit of this plot 1s the smoothness in the trend, which was

optimized to fit the 'noise’ in the data rather tho depicting real effects.

Figure 3 shows a smooth trend plot of ali ~arameters considered under study. PMyg, PM3s,
NOx and total pollen concentration tre.:1 show some rise and other parameters follow an
evident seasonal cycle. A robust sea:0nal cycle was also observed with some deviation in
pollen concentration and PMjp F:1,5. NOx and temperature smooth trend curves display an
inverse relationship, partly aw.ibuied to the increased use of fossil fuel for domestic heating
and vehicular activity (Y1 o al,, 2019; Ravindra et al., 2021c). Therefore, anthropogenic
sources appear to indu~nee NOx buildup more than local meteorological conditions during
the winters. Seasonal v.iiation of pollen vs. PMyy and PM, 5 by temperature has also been
studied. The maximum pollen concentration was observed in March when PMy, and PM;s
levels were moderate. With the increase in temperature during summers (April-June), pollen

concentration gradually decreases along with the PM;o and PM 5 levels.

Both pollen concentration and PMy, and PM, 5 values fall to their significant level during July
with optimum temperature. After July, PMyo and PM 5 values started increasing and attained
their peak value in January when temperature and pollen concentration were minimum. For
PMjo and PM, s, the winter season had the highest values, followed by the pre-monsoon and
monsoon seasons. Monsoon values are the lowest measured values because of the pollutants

washout due to increased precipitation. The increased air pollution levels during winter and
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post-monsoon seasons may be due to the local emissions and transported pollutants, as well
as stable thermal inversion layer over the entire region, which help in amplifying the level of
pollutants causing high concentrations across the research area (Pancholi et al., 2018). Lower
depth of mixed layer, low temperatures, and lower wind speed allow pollutants to stagnate,

resulting in a considerable rise in concentration across the region throughout the winters.

3.2 Seasonal variation in airborne pollen concentration and its relationship with

meteorological variables

The airborne pollen showed a significantly diverse level of seasonality in accordance with
four seasons, i.e., Pre-Monsoon, Monsson, Post-Monsoon anu ‘Ninter. Figure 4 depicts the
daily pollen concentration of total pollen and six major tax  plctted against meteorological
parameters. Pollen concentration values were very simile - ac.0ss the two years. The overall
pollen concentration were nearly identical, with two dis.inct peak periods: February to April
and August to October.

There were three arboreal (Celtis occidentalis, Eura'yptus sp. and Morus alba) and three non-
arboreal taxa (Cannabis sativa, Partheriuin, hysterophorus and Poaceae), which shows
apparent variation in the timing of their v~currence. The most obvious difference was seen in
the spring and autumn flowering pei.nds. Arboreal types showed a clear peak in the pre-
monsoon period, i.e., spring, whercas 1.cn-arboreal showed occurrence throughout the year
with a major peak post-monsoor i.e., autumn, as shown in Figure 4. Similar results were also
reported by Malik et al. (1991), .Ahlawat et al. (2014) and Singh et al. (2017).

Detailed evaluation of SFi.> 1u: each taxon revealed higher records for Poaceae, Parthenium
hysterophorus, Morus >lu., Eucalyptus sp., Celtis occidentalis and Cannabis sativa during
2019-20 as compared t¢ 2018-19. On the contrary, the pollen SPIn for Morus alba was lower
for 2019-20 and not much variation was noticed for Eucalyptus sp. for both years (Table 1).
Meteorological factors significantly affect the distribution pattern of pollen in ambient air.
The major peaks of airborne pollen were observed during favorable weather conditions, i.e.,
moderate temperature, low humidity and low precipitation (Figure 4). However, pollen
phenology is the best way to track the alteration in the behavior of plant biology in response
to bio-climatic factors. As pollen concentrations are majorly regulated by climatic
parameters, where temperature plays a significant role in flowering, inflorescence,
maturation, fruiting phenophases, pollen release and dispersal (Damialis et al., 2007
Aguileraetal., 2014).



The large proportion of rainy days have resulted in lower pollen concentration by eliminating
them from the environment more rapidly than usual/dry days. Pollen grains are hygrophilous,
i.e., they absorb moisture from the surrounding air due to the coalescent effect of water
droplets and increase their weight. This results in settling down of heavy pollen gravity
phenomenon known as rain washing. Thus, pollen concentration in the atmosphere decreases
during precipitation and high relative humidity (Galan et al., 1998; Galan et al., 2000). Also,
a negative correlation was observed with relative humidity for pollen concentration.
Maximum relative humidity was reported in July and August (monsoon season) when a
considerable decrease in the pollen concentration was also reported. Higher RH levels were
recorded in January 2019 due to heavy precipitation, which car 22 seen from summary plots
(Figure 2).

3.3 Correlation between pollen concentration, m:te.rulogical parameters and air

pollutants
3.3.1 Rolling correlation

Figure 5 shows the rolling correlation betwen the total pollen concentration and various
meteorology parameters to visualize the roange in correlation over time. It was observed
there was a significant correlation be>veen temperature and pollen concentration. A major
dip was noticed in May 2019 & 2020 ai.Z Dec-Jan 2018 & 2019. The reason for the negative
correlation can be low pollen cericernation due to extreme summer and winter temperatures.
Pollen concentration substantia.'V decreased at temperature extremities, i.e., both at very low
temperature during winters c< well as a very high temperature during summers in both years
might be due to lag eftoet 1rom hot and dry conditions or cold and dry conditions which
caused physiological stre ;s resulting in a negative impact on floral production (Fang et al.,
2018).

In contrast, a correlation between daily precipitation and pollen concentration can be
observed with some volatility over the period and a significant decrease in Mar and Apr 2019
and Feb- Mar in 2020 due to the inverse correlation between precipitation and pollen
concentration (Fang et al., 2018). Likewise, relative humidity was negatively correlated with
pollen concentration for the given time series with significant dips during the monsoon
period. The average concentration of pollen grains decreases during the monsoon season,
indicating that the moisture content of the surroundings negatively influences the pollen

concentration.
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3.3.2 Correlation between pollen concentration and meteorological parameters

The Spearman correlation coefficients were performed among APIn and SPIn pollen
concentration (total pollen, Poaceae, Parthenium hysterophorus, Morus alba, Eucalyptus sp.,
Celtis occidentalis and Cannabis sativa), meteorological parameters (mean temperature (T),
relative humidity (RH), precipitation (P) and wind speed (WS). Each of the six taxa studied
had a unique response to weather conditions. APIn and SPIn of Cannabis sativa, Parthenium
hysterophorus, Poaceae and total pollen showed a significant positive correlation with
temperature and inverse with precipitation and relative humidity (Table 2). Figure 6 illustrates
that temperature showed a significant positive correlation with /APIn total pollen concentration
(r=0.30; p<0.001), Cannabis sativa (r=0.52; p<0.001), Parth.cniun hysterophorus (r =0.27)

and Poaceae (r =0.32; p<0.001) and insignificant with Euce® .z sp. and Morus alba.

In contrast, precipitation showed a negative correlation \‘ith APIn total pollen concentration,
Eucalyptus sp., and Poaceae except for Partheniui. hvsterophorus (r=0.01; p<0.05). The
relative humidity was negatively correlated to t~i~l pollen and major taxa except for Celtis
occidentalis (r=0.59) and insignificant resul's .2: Cannabis sativa. Similar results were
noticed with SPIn of total pollen concen‘,atin, six major taxa and meteorological variables.
Table 2 depicts a negative correlaticn betwc.zn APIn and SPIn of all taxa with windspeed

except for APIn of Eucalyptus sp. (r=72.15, <0.005).
3.3.3 Correlation between poll~n cuacentration and air pollutants

The Spearman correlation cocthicients were performed for APIn and SPIn of total pollen,
Poaceae, Parthenium hvsicropnorus, Morus alba, Eucalyptus sp., Celtis occidentalis and
Cannabis sativa ara au..uspheric pollutant (PMyg, PM,s and NOx). NOx showed a
significant positive corrciation among APIn and SPIn of Celtis occidentalis and insignificant
among APIn and SPIn of Eucalyptus sp. and Morus alba (Table 2). Several studies have
shown NOx can increase the pollen allergenicity and increase the fragility of pollen, leading
to disruption in the exine and subsequently releasing the inner cytoplasmic granules into the
ambient air (Ouyang et al.,, 2016; Hong et al., 2018). The effect of NOx on pollen

concentration had only marginal significance during the study.

Table 2 and Figure 6 show PM;o and PM; 5 were negatively correlated among APIn and SPIn
of total pollen concentration and major taxa considered for study except for Eucalyptus sp.
Several studies have illustrated that particulate matter attaches to the surface of many pollen

species (Ribeiro et al., 2015; Visez et al., 2020), causing anomalies and morphological
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alterations in pollen structure (Majd et al., 2004; Rezanejad et al., 2007). Some investigations
discovered a significant correlation between airborne pollen and particulate matter (Manninen
et al., 2014; Rahman et al., 2019), while some have found an inverse between the both
(Oduber et al., 2019; Berger et al., 2020).

The increase in PM in the atmosphere can lead to mechanical breakdown of airborne pollen,
thereby releasing sub-micronic allergens not directly linked to pollen concentration
(Carifianos et al., 2021). The sensitivity of the trend also incorporates the COVID-19
lockdown period, which subsequently reveals positive impacts on the environment,
particularly air quality, thereby decreasing air pollution over the region of India (Biswal et
al., 2020; Biswal et al., 2021; Mor et al., 2021; Ravindra et 2'. 2021b). The current study
findings show that meteorological parameters and air pz!'u.iits have a considerable yet
complex and obscure impact on airborne pollen of dive.22 plant taxa. Hence, long-term

monitoring is recommended.
3.4 Relationship between pollen concentratior cnd wind data

Pollen concentration rose in Figure 7a) deric.. the fluctuation of daily pollen concentrations
in Chandigarh based on wind direction o1 speed throughout the study period. It basically
illustrates the dominant wind directiu> and maximum wind speed over time. As shown in
Figure 7a), the major airborne pollen so.cces were found to be near the sampling station and
primarily from the Northwest ("IW, direction. The wind speed and direction indicated the
pollutant dispersion from the su.'rce to the receptor. The dominant pollen taxa come from the

native species present in the “‘ic'nity of the sampling location.

The average wind specd vvas recorded at 3.9 m/s with a calm condition of 19.2% (Figure
7b)). It was shown that .ie northwest was the major contributor of pollen direction, followed
by the southeast for all the species. The dominant wind direction was northwest with a
frequency of 25%, followed by southeast with a frequency of between 10-15% for Cannabis
sativa. Figure 7a) shows similar trends with changing frequencies for all other species. Figure
7c¢) summarized the land cover and each land-use and land-cover (LULC) community. The
main communities in a 20-km radial circle surrounding the aerobiological station cover
evergreen, deciduous forest and shallow land, all of which contain abundant taxa sources,

implying that local vegetation is the primary provider of airborne pollen types.

Figure 7c) shows northwest was the major contributor of pollen as there is a botanical garden

including the neighboring rural areas, which is about 12-15km from the sampling site. The
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potential sources for the southeast directions can be from the Zakir Hussain rose garden and
Sukhna Wildlife Sanctuary, which is about 5-8km from the sampling location. Numerous
studies have been conducted to analyze the wind data in response to arboreal species
dispersion (Skjeth et al., 2013; Maya-Manzano et al., 2017). The distribution indicates that
airborne pollen originates in the vicinity of the aerobiological sampling station. In general,

higher wind speed resulted in lower pollen concentration.

The wind speed affects the horizontal dispersion of particles and the hourly distribution of
pollen concentrations (Perez-Badia et al., 2011). However, all species are wind-pollinated
and produce large copious amounts of pollen to facilitate easy ‘iispersal and fertilization. This
allows us to depict the influence of wind data on the pollen zzseiblages, thus representing

the spatial variability of pollen dynamics.
4. Conclusions

The current study investigated the correlation betwec « the meteorological parameters, air
pollutants and airborne pollen in Chandigarh, situeted in the Indo-Gangetic plain of India,
using the OpenAir-R package and Spearman's ~orrelation. All the pollen types considered for
the study showed great sensitivity to ¢ meteorological parameters and air pollutants.
Among meteorological parameters, :»mperature and wind data stand out as the most
influential pollen concentration va-iz.o.cs. In contrast, relative humidity and precipitation
were found to have an inverse retatio.>ship with pollen levels. Plant phenology, inflorescence,
flowering and pollination ne.‘nd largely depend on bio-climatic variables. Increasing
temperature in early sprn.2 ‘vas connected with the pollination period, i.e., another
dehiscence. In contrast, rair fall washes out pollen from the atmosphere due to the water
droplet's coalescent effert, leading to low pollen concentration. Statistically, negative or
insignificant correlations were mostly found between PM;o, PM;5s and Annual Pollen Index
(APIn) and Seasonal Pollen Index (SPIn) of total pollen and six pollen taxa. In contrast, NOx
showed no apparent influence on the pollen data. The localization of major taxa studied was

close to the sampling unit and is majorly reported from the Northwest direction.

The study also revealed that meteorological parameters and air pollutants have a
considerable yet complex and obscure impact on airborne pollen of diverse plant taxa
considered under the entire study. In terms of climatic future, it is expected that the urban
environment will significantly impact plant biological and phenological parameters. By

understanding pollen prominent presence in the atmosphere of Chandigarh, due to green
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landscaping pattern, it is projected that its importance as an allergen will continue to grow in
the near future due to high pollution levels in Indo-Gangetic Plains. Therefore, the findings of
the study generate useful hypotheses that air pollutants influence pollen concentration and
can be further explored as the data set expands in the future. Moreover, the study could help
improve the knowledge regarding the interaction of pollen, meteorological parameters and air

pollutants to address pollen allergy and its dynamics.
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Table 1: Annual Pollen Integral (APIn) of Total Pollen and Seasonal Pollen Integral (SPIn) of the six pollen types for 2018-2020.

APIn 3
(pollen/m?®) SPIn (pollen/m?)
Cannabis . . . Morus Parthenium
Year Total sativa Celtis occidentalis ~ Eucalyptus sp. alba hysterophorus Poaceae
2018-19 21,244 578 331 249 14€ 21 142 955
2019-20 20,412 1918 537 262 1N&3Q 409 1489

Table 2: Spearman correlation coefficients between Annual pollen Integral (APIn) arz S asc nal Pollen Integral (SPIn) of total pollen,
Cannabis sativa, Celtis occidentalis, Eucalyptus sp., Morus alba, Parthenium hystero, ho.*'s, Poaceae, meteorological parameters (average

temperature (AT), relative humidity (RH), precipitation (Prec.) and wind sncad (WS)) and atmospheric pollutant (PMyo, PM, s and
NOx).

AT RH Pre-. WS PMuo PM.5 NOX
(°C) (%) __mm) (km/h) (Hg/m’) (Hg/m’) (Hg/m’)

APIn SPIn APIn Sk'n APIn SPIn  APIn  SPIn  APIn  SPIn  APIn SPIn APIn SPIn

Cannabis sativa 052 053 074 003 -002 -003 005 006 -044 -046 -056 -0.57 -0.54 -0.54

Celtis occidentalis -063 -0.8 59 041 -0.08 -014 -023 -022 -024 -014 -018 -0.28 050 0.54
Eucalyptus sp. -0.02 0..2 -043 -0.09 -0.28 -0.09 045 0.002 011 -0.21 0.07 -0.28 -0.03 0.06

Morus alba 0.12 -0.05 -0.09 -0.07 -0.04 010 0.01 -0.03 -043 -007 -036 -0.01 0.03 -0.13
Parthenium hysterophorus 0.27 030 -0.27 -0.36 0.01 -0.05 0.02 0.04 -026 -024 -042 -040 -041 -0.40
Poaceae 032 053 -029 -039 -019 -0.12 0.02 004 -036 -040 -048 -055 -0.28 -0.37

Total pollen 030 040 -029 -040 -0.17 -021 013 018 -041 -044 -053 -056 -0.31 -0.34
*p<0.05, #xp<0.01 and #x%p<(,001
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Figure 2

Precipitation
(mm)

Reletive
Humidity
(%)

Temperature
(c)

0 ; ; ; I : ; ] I ;
1560 — ! E : : : 3 : : : |'

Total pollen =
(pollen/m?) 80 E : : ; ! } : : |
0 ;-;-L:.f--~z--;-

76 — | : ‘ : ; ‘ ‘ : ' |-
Poaceag : : : f f : ;
(pollen/m”) 38 ! ¢ . : : ! : 4 LR

0
Parthenium 38
hysterophorus

(pollen/m®) 19

0
1440

Morus alba

(pollen/m?) 720

18

Eucalyptus sp. 9
(pollen/m?3)

Cetlis | : ; ! A ! i | i
occidentalis L : : 5 : ' 3 ; A
(pollen/m®) ' ! : ! ' ! ! ) !

s

Cannabis : :

sativa 29 [~
(pollen/m?)

Jun- | Sept- 5 re un- 4 : f
Aug . Nov . . b day | Aug ' Nov | Feb | May ' Aug

(Summer) (Autumn)’ (Winw. \ ' (Spring) (Summer) (Autumn)' (Winter) | (Sprin 'Summer:
2018 | 2019 | 2020

28



Figure 3
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Figure 5
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Figure 6
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Figure 7b
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Figure 7c
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Highlights

e Explore the relationship between airborne pollen, meteorology and air pollutants.

e Temperature and wind significantly influence the pollen concentration.

e Spearman's correlation of Annual and Seasonal pollen integral (APIn and SPIn) for
key pollen taxon were computed.

e Relative humidity and precipitation were negatively correlated with pollen data.

e PMj, PM;,sand NOy showed no clear relationship with pollen concentration.
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