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AbstractAbstractAbstractAbstract    
    
Technological progress in modern scientific development generates opportunities that create new ways 

to learn more about objects and systems of nature. An important indicator in choosing research methods is not 
only accuracy but also the time and human resources required to achieve results. This research demonstrates 
the possibilities of using an automatic particle detector that works based on scattered light pattern and laser-
induced fluorescence for plant biodiversity investigation. Airborne pollen data were collected by two different 
devices, and results were analysed in light of the application for plant biodiversity observation. This paper 
explained the possibility to gain knowledge with a new type of method that would enable biodiversity 
monitoring programs to be extended to include information on the diversity of airborne particles of biological 
origin. It was revealed that plant conservation could be complemented by new tools to test the effectiveness of 
management plans and optimise mitigation measures to reduce impacts on biodiversity. 
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IntroductionIntroductionIntroductionIntroduction    
 
Studies on the botanical diversity of plants, particularly the restoration of the floristic richness of a 

certain territory, are closely related to the pollen data (Reitalu et al., 2019). The use of palynological data 
significantly contributed to the analysis of the evolution of biodiversity and its dependence on climate (Bellard 
et al., 2012). Pollen–vegetation relationships investigated on the background of the fossil pollen are not 
sufficient during the current requirements for scientific knowledge. Schüler et al. (2014) highlight that modern 
pollen-rain studies are crucial for the calibration and the interpretation of fossil pollen records. The 
reconstruction and the analysis of past vegetation composition can be enhanced by studying current pollen 
samples and contemporary vegetation (Felde et al., 2014). In the last decade, the use of airborne pollen data in 
the analysis of plant ecology (Sharma and Khanduri, 2007), biogeography (Mercuri, 2015) or in studies of 
phenological phase shift indicators (Veriankaitė et al., 2010; Tormo et al., 2011; Cunha et al., 2015; Simón et 
al., 2018) became more intense. The perspective role of airborne pollen monitoring in providing relevant data 
for the protection of plants and its potential applications to the management of plant diversity can be very 
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relevant and should be taken into account (Fernández-Llamazares et al., 2014). Vegetation mapping was also 
implemented from the airborne pollen data sets. Based on the airborne pollen data the valuable information 
and uniquely maps for 12 plant taxa with a high spatial resolution were created for Great Britain (McInnes et 
al., 2017). Vegetation maps have particular importance when it comes to determining the distribution of 
invasive plants or assessing the effectiveness of mitigation measures. Reliable examples could be the airborne 
pollen data used to assess the prevalence of ragweed as an invasive plant (Thibaudon et al., 2014; Skjøth et al., 
2019).  

Information on changes in plant diversity revealed through airborne pollen dispersion is essential not 
only for potential applications to the conservation of biodiversity. A large part of the data is used in 
communication and dissemination about the distribution of allergenic pollen, which is vital for people affected 
by hay fever or their clinicians. Changes in the habitats of anemophilous plants affect biodiversity and could 
impact the quality of life of persons susceptible to pollen allergens. The number of people who are sensitive and 
allergic to pollen is growing for various reasons and the change in biodiversity is one of the most significant 
ones (Haahtela et al., 2013). People with hay fever can gain treatment (Klimek et al., 2019; Bousquet et al., 
2020; Pfaar et al., 2021) and information on adverse pollen effects on health through mobile apps (CAMS, 
2019). However, gradually new challenges arise. The positive and significant relationship between springtime 
rhinovirus infections and airborne birch pollen concentrations revealed in a large Swedish cohort (Gilles et al., 
2020). Associations between statistical data of allergenic pollen load and COVID-19 disease showed that 
without lockdown, an increase of pollen abundance by 100 pollen/m3 resulted in a 4% average increase in 
infection rates (Damialis et al., 2021). The arguments described above reinforce the need for up-to-date 
information on the diversity of plants, especially the ones producing allergenic pollen.  

A multi-faceted need to have information on airborne pollen dispersal has long been met using field-
laboratory methods. Using these, air samples are collected by traps operating on active suction or particle 
sedimentation principles. Samples are analysed in the laboratory by identifying particles under a microscope 
(Galán et al., 2014), recognising DNA (Williams et al., 2001; Kraaijeveld et al., 2015), or performing other 
measurements (Carvalho et al., 2008; Buters et al., 2012). Recently, a new generation of devices has been 
developed to evaluate the properties of bioaerosol in near real-time. Devices operating on the principle of image 
analysis (Oteros et al., 2020), holograms (Sauvageat et al., 2020), or laser-induced fluorescence (Šaulienė et al., 
2019) collect digital data on airborne particles. Studies have shown that running automatic detectors collect 
sufficient information, and anemophilous plant pollen can be identified by neural network-based algorithms 
(Daunys et al., 2021; Schaefer et al., 2021). Current practices form preconditions for integrating existing 
experiences into assessing changes and abundance of plant diversity or habitat shift.  

This research aims to demonstrate the possibilities of using an automatic particle detector for plant 
biodiversity investigation and observation. 

 
 

Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Sampling area and evaluation of airborne pollen diversity 
Air samples to determine the diversity of pollen were collected in Šiauliai. Šiauliai is the fourth most 

populated city in Lithuania, in the northern part of the country. About 23% of the city’s territory consists of 
green areas. The largest parks located near the study area (~1.2-2 km) are The Central, Talkša and Salduvė. 
Oaks, birches, lindens, chestnuts, maples, pines, spruces are prevailing in parks. 

Airborne pollen was identified by using two different devices during February-April in 2019-2020. Both 
devices are installed approximately at the height of 20 meters above the ground. The research was performed 
by using (1) the Hirst type volumetric trap (Hirst, 1952) and (2) an automatic particle detector Rapid-E (Plair 
SA). Both devices differ in their capabilities as well as their methods of detecting and identifying air samples. 
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By using the Hirst type volumetric trap, samples were collected continuously for 7-days per week. All 
procedures from samples collection, pollen identification and data evaluation were performed by using a 
conventional method (Galan et al., 2014) and European standard (EN16868,2019). A light microscope and 
the method of scanning 12 transverse lines was used to identify pollen in air samples. Airborne pollen 
biodiversity in samples was determined based on the specific morphological characteristics of the pollen by 
identifying the plant family or genus. 

With the automatic particle detector Rapid-E, pollen information was collected analysing the 
fluorescence and scattering of the particles detected by the device. The device recorded data about airborne 
particles in size of 5-100 µm. An algorithm developed by Šaulienė et al. (2019) was used to identify airborne 
pollen by specifying it in bioaerosol and calculated the total amount of pollen. Woody and herbaceous plants 
pollen datasets (Valiulis et al., 2020a; Valiulis et al., 2020b) were used to discriminate between pollen and non-
pollen particles. 

Micrographs were taken using a Nikon digital camera D5000 with an AF-S Micro Nikkor 105mm f / 
2.8G IF-ED lens. Pollen was magnified using a light microscope with a 63x objective. 

 
Statistical data analysis 
Data manipulation, statistical analysis and graphical visualisation were performed using R (R Core 

Team, 2018) and R Studio (RStudio Team, 2016). In research, we used ggplot2 (Wickham, 2016) viridis 
(Garnier et al., 2021), lubridate (Grolemund and Wickham, 2011), ggExtra (Attali and Baker 2018) statistical 
packages. Daily pollen concentrations were normalised using the log normalisation method to compare data 
collected from different devices. Box and whisker graphs were plotted by calculating the minimum and 
maximum values, quartiles, and median of daily pollen concentration. 

 
 
ResultsResultsResultsResults    
 
The daily variation of pollen concentration is shown in Figure 1. With the automatic particle detector, 

more pollen is usually detected than with the Hirst type volumetric trap. This trend was found in both years of 
the experiment.  

 

 
Figure 1Figure 1Figure 1Figure 1. Log (pollen concentration) time series from February 1 to April 30 for A – 2019, B – 2020. 
Pollen data obtained from the Hirst type volumetric trap and the automatic particle detector Rapid-E 
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The data showed that the pollen concentration differs depending on the study years. Evaluating the 
associations between the data on airborne pollen concentrations collected by two different methods, it was 
found that the dynamic is similar when higher pollen concentration was recorded by the Hirst-type volumetric 
method. We prove this statement by the results presented in Figure 1. Higher pollen concentration in March 
and late April of 2019 is an example. It is also seen similarly in February and late April of 2020. 

Pollen concentrations tend to increase with the progress of the vegetation period. In Lithuania, 
depending on meteorological conditions, early flowering plants (Corylus, Alnus) begin to pollinate at the end 
of February. The situation is represented as well by the results obtained regarding pollen dispersion in the air 
(Figure 1 and Figure 2).  

 

 

 
Figure 2. Figure 2. Figure 2. Figure 2. Heatmap of pollen concentration calculated according to near real-time pollen observation data 
recorded by automatic particle detector Rapid-E 
The vertical axis indicates hours and the horizontal – days of month. A – measurements in 2019 and B – measurements 
in 2020. 

 
Figure 2 demonstrates the tendency in pollen concentration associated with the diurnal cycle. The 

results show that the main load of the pollen concentration is obtained during daylight hours, i.e. from 9 a.m. 
until 7 p.m. By analysing the data of the particular months, it should be noted that the trends of the diurnal 
cycle do not prevail at high pollen concentrations. An obvious example is at the end of April 2019. April 22-
25, an exceptionally high pollen concentration was found, calculated from a large number of pollens registered 
throughout the day. In 2020 the situation is different, as 8 times less pollen was registered than in 2019. 
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The data collected with the Hirst type volumetric trap allow estimating the abundance of individual 
pollen taxa during the analysed period. There are no differences in the diversity of observed pollen of 
anemophilous plants. During both experiment years, pollen from Alnus, Betula, Corylus, Cupressaceae, 
Quercus, Salix, Ulmus was identified in the air samples (Figure 3 and Figure 4).  

 

 
Figure 3. Figure 3. Figure 3. Figure 3. Distribution of pollen concentration according to identified pollen types  
Concentration was calculated from data obtained from samples collected with the Hirst type volumetric trap during 
February 1 and April 30, 2019. Data are presented as Box-Whiskers plots, showing median, 10-90 percentiles and 
outliers. 

 
Significant differences in pollen abundance were obtained for the identified pollen taxa in 2019 and 

2020. Betula pollen was the most abundant during the study period (average 717 pollen/m3 per day in 2019 
and 30 pollen/m3 in 2020). Less pollen is spread by Alnus (average 61 pollen/m3 per day in 2019 and 7 
pollen/m3 in 2020) and Corylus (7 pollen/m3 and 4 pollen/m3 respectively), which usually flowers earlier in 
Lithuania (classified as the indicators of spring phenological phases) than other taxa of Betulaceae family. 
Pollen from Salix plants with an entomophilous-anemophilous pollination strategy is identified in small 
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amounts in the air samples (average 15 pollen/m3 in 2019 and 3 pollen/m3 in 2020). Ulmus pollen, like other 
pollen types, was significantly less in 2020 than in 2019. 

 

 
Figure 4. Figure 4. Figure 4. Figure 4. Distribution of pollen concentration according to identified pollen types 
Concentration was calculated from data obtained from samples collected with the Hirst type volumetric trap during 
February 1 and April 30, 2020. Data are presented as Box-Whiskers plots, showing median, 10-90 percentiles and 
outliers. 

 
Micrographs of pollen detected in air samples and identified are shown in Figure 5. Airborne pollen 

appears to be well discriminated from other particles in the samples. Pollen differs in morphological 
characteristics.  
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Figure 5. Figure 5. Figure 5. Figure 5. The light micrographs (magnification 63x) of pollen from samples collected with Hirst 
volumetric trap in 2019 
A - Alnus on March 7, B - Betula on April 18, C - Corylus on March 25, D - Cupressaceae on March 25, E - Quercus 
on April 27, F - Salix on April 25, G- Ulmus on April 9. 

 
Characteristics are the basis for the identification of particles in air samples collected by Hirst type 

volumetric traps. Pollen of the Betulaceae family is similar in size to each other but differs in the number of 
apertures or shape. For example, Betula pollen is triporate, as Corylus but different in aperture size. Alnus is 
distinct from this group with five stephanoporate apertures. Quercus pollen is larger than other identified 
pollen. The specificity is due to the size differences between lengthwise and polar view diameter. They are 
characterized by tricolpate apertures. Salix pollen is relatively small, making it reasonably easy to discriminate 
from other pollen of early spring flowering anemophilous plants. 
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DiscussionDiscussionDiscussionDiscussion    
 
In this study, we demonstrated the ability of laser spectroscopy based automatic particle detectors to 

appear in identification of pollen from airborne biological origin particles (Figure 1 and Figure 2). In this study, 
we demonstrated the ability of laser spectroscopy-based automatic particle detector to collect the necessary 
amount of data to discriminate pollen from airborne biological origin particles. Automatic particle detectors 
can operate year-round without human intervention and provide valuable information on airborne 
biodiversity. For a long time, this information was only available due to time-consuming work in laboratories 
where microscopic or chemical analysis methods (Galán et al. 2014; Williams et al., 2001; Kraaijeveld et al., 
2015; Carvalho et al., 2008, Buters et al., 2012) were used. To obtain precise results, researchers analysing the 
development of vegetation (Felde et al., 2014; Reitalu et al., 2019), the mechanisms of genetic information 
transfer (Sharma and Khanduri, 2007), or studying plant habitats (Mercuri, 2015) had to have sufficient 
human resources to acquire the necessary knowledge. In the current paper, we revealed the message that pollen 
data identified in samples collected with a Hirst type volumetric trap could be representatively used to illustrate 
information collected with an automatic particle detector. In cases when pollen recorded with an automatic 
detector cannot be classified to genus or species (e.g., in the presence of a large variety of pollen in the air), 
pollen collected by Hirst type traps are an additional data source. Studies in different countries have shown 
good results when comparing data collected with automatic detectors and a Hirst type volumetric trap 
(Šaulienė et al., 2019; Tešendić et al., 2020). 

Data collected by automatic particle detectors can provide results that meet a specific need or purpose 
because plenty of digital data is collected. By applying different identification algorithms, various types of 
information become available. The Rapid-C device is similar to the device used in our study, but is focused on 
the detection of viruses, bacteria, and fungi applied to bio-contamination in industrial processes and clean 
rooms (Huffman et al., 2020). Data collected by Rapid-E were also used to monitor particles of non-biological 
origin, such as desert dust (Šikoparija, 2020). The information collected by these devices can be valuable for 
monitoring the biodiversity of natural and urban areas. Monitoring data to analyse aspects of biodiversity 
change may be periodic, but the increased recreational use of urban or suburban greenery during the isolation 
of the COVID-19 pandemic requires operational information. In this context, the commitment to identify 
biological origin particles (especially allergens) becomes vital. Tree pollen emissions can be considered the main 
source of emissions of coarse particulate matter in urban environments (Cariñanos et al., 2017). The 
abundance of ragweed in agricultural fields and the evaluation of the effectiveness of control measures are also 
performed using pollen concentrations (Skjøth et al., 2019). Our data analysis showed that the automatic 
particle detector well defines pollen abundance (Figure 2). The aforementioned fact makes it possible to 
suppose the possibility of obtaining similar results for other biological origin allergenic particles. 

At the same time, it should be noted that the use of automatic particle detectors in practice is so far more 
sporadic than a traditional application. The possibilities of these devices are abundantly analysed by the 
international scientific community (Šaulienė et al., 2019; Šikoparija, 2020; Schaefer et al., 2021). New 
knowledge is usually sought to obtain operational information for public health purposes (Huffman et al., 
2020; Tešendić et al., 2020). Regardless of the evident need for the new generation particles detectors, several 
limiting factors remain as significant obstacles. There are only a few types of devices on the market, so the price 
is relatively high compared to spore traps operating on volumetric or sedimentation methods for bioaerosols 
sampling. A lack of original digital libraries with data that enables precise evaluation of biological origin 
particles exists. Even pollen diversity is a significant challenge, as particle characteristics are not limited to 
typical morphology (Figure 5). Specificity is determined by the state of dry and hydrated pollen (PalDat, 2000), 
indicators of environmental pollution (Anenberg et al., 2020) or plant richness (Reitalu et al., 2019). 
Specialised digital libraries have started to be developed (Valiulis et al., 2020a; Valiulis et al., 2020b), but the 
need to continually add new data is high. Assessing the broader demand for more than just pollen recognition, 
the target of creating libraries of airborne plant pathogens is one of the most important tasks. This would speed 
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up data integration and provide access to up-to-date information on the airborne dispersal of crop-damaging 
agents. 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
Automatic particle detectors specialised for identifying pollen in air bioaerosol can be used in plant or 

its pathogens diversity studies. A new type of knowledge would enable biodiversity monitoring programs to be 
extended to include information on the diversity of airborne particles of biological origin. Plant conservation 
could be complemented by new tools to test the effectiveness of management plans and optimise mitigation 
measures to reduce impacts on biodiversity. 
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