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Toe standardization and unification of the procedures to analp,e and quantify the airbome pollen concentrations 
are very important topics. In this work, the effectiveness of the two most used adhesives in aerobiological 
sampling, silicone prepared with cyclohexane solvent (Silicone) and petroleum jelly (Vaseline), was compared 
under outdoor conditions. This comparison was carried out using the traditional method based on the identi
fcation and quantification by optical microscopy (OM) of the airbome pollen and the novel methodology by 
high-throughput sequencing analysis (HTS). Globally, the results from both methods of analysis (OM and IITS) 
showed a good agreement between the two adhesives tested regarding the abundance of the main pollen types 
present in the samples: Cupressaceae, Olea, Poaceae, Platanus, Quercus. We concluded that the results from both 
adhesives are comparable data. Furthermore, the comparisons between methodologies, OM vs. HTS, showed that 
both techniques can accurately identify the most abundant pollen types in the atmosphere for the studied 
periods, w ith a good agreement of their relative abundances especially when the airbome pollen diversity is low 
but showing sorne divergences as the number of pollen types increases. 

l. Introduction 

The relevance of monitoring the airbome pollen concentration in 
the atmosphere has been widely stated, not only from environmental, 
ecological and agronomic points of views (Friihlich Nowoisky et al., 
2016; García Mozo, 2011; Oteros et al., 2015; Ziello et al., 2012), but 
also from a human health perspective since the allergenic pollen re 
present the most important cause of pollinosis around the world 
(Bonofiglio et al., 2013; Marchett i et al., 2017). 

Traditionally, the airbome pollen concentrations are estimated from 
analyses based on the identification and quantification by optical mi 
croscopy (Galán et al., 2007). However, the classification of the pollen 
types at species level employing this procedure is limited because the 
morphological features of the pollen grains used for their recognition 
are frequently shared within genera, families and even taxonomical 
orders. Lately, pollen identification using molecular sequencing and 
DNA analysis has been proposed as an alternative approach (Leontidou 
et al., 2018), although it has not been implemented in the daily routine 
yet. 

Debates about the different devices for pollen sampling and the 
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protocols for subsequent determination and analysis of airbome pollen 
samples have been carried out over the years (Aylor, 1993; Cariñanos 
et al., 2000; Cotos Yáñez et al., 2013; Gharbi et al., 2017; Levetin et al., 
2000; Mullins and Emberlin, 1997). The interest to achieve a standar 
dization in order to accurately compare the results from different air 
borne pollen stations and monitoring networks is a common concem at 
national (Galán et  al., 2007; Oteros et  al., 2013; UNI, 2004) and in 
temational scale, with the implication of the Intemational Association 
for Aerobiology (lAA) and also the European Aeroallergen Network and 
the European Society of Aerobiology (EAS) (Galán et al., 2014; 
Sikoparija et al., 2017). 

In this context, the Hirst volumetric spore traps have been used for 
more than two decades as a standard device for sampling the airbome 
pollen by the aerobiological monitoring networks (CEN/TS 16868, 
2017; Galán et al., 2014; Jager et al., 1995; Oteros et al., 2013). Re 
cently, the use of this equipment has been extended to DNA analysis for 
the identification of pollen (Kraaijeveld et al., 2015; Leontidou et al., 
2018) but also for fungi and bacteria (Núñez et al., 2017). This analysis 
provides a more accurate taxonomic classification for the cryptic spe 
cies, reveals new diversity and makes it possible to employ this device 



for studying airborne prokaryotes as well.
In the Hirst type spore traps, the particles are collected on an ad

hesive surface covering a tape, usually a Melinex® type (Oteros et al.,
2015; Rojo et al., 2016). The adhesive employed (cedar oil, paraffin,
petroleum jelly vaseline® , silicone fluid) is also subject of discussion
(Alcázar et al., 2003; Alcázar and Comtois, 1999; Galán and
Domínguez Vilches, 1997; Hogan, 1971; Käpylä, 1989; Razmovski
et al., 1998). Currently, the debate remains because one of the most
popular adhesives, the silicone fluid, uses carbon tetrachloride as sol
vent during the preparation, which is considered toxic (Manibusan
et al., 2007; Willis and Keller, 2007). In this sense, Maya Manzano et al.
(2018) compared and proposed the use of petroleum jelly (Vaseline) as
a substitute for silicone fluid prepared with the carbon tetrachloride
(Silicone) to avoid the use of hazardous compounds. Before, some au
thors such as Thibaudon et al. (2015) proposed the use of diethyl ether
as an alternative to carbon tetrachloride. However, the diethyl ether is
not free of toxicity (Pohanish, 2017), so Gharbi et al. (2019) tested the
use of cyclohexane and they concluded, as other studies demonstrated
in other fields (Furuse et al., 2001), that could be recommended as the
alternative to carbon tetrachloride.

With this background, here we compared the effectiveness of the
two adhesives most frequently employed currently in the airborne
pollen monitoring networks: the petroleum jelly or Vaseline (Warner
et al., 2000) and silicone fluid (Oteros et al., 2013) prepared with the
cyclohexane solvent. We analyzed samples collected at different sea
sons and studied the differences by optical microscopy (OM) of the most
abundant pollen types under non controlled conditions. Moreover, we
evaluated the application of both adhesives for high throughput se
quencing (HTS) analyses and also compared the results obtained from
both methodologies (OM and HTS).

2. Methods

2.1. Sampling methodology

Two Hirst type volumetric spore traps (Burkard Manufacturing Co.,
UK) (Hirst, 1952) were placed on the roof of the building “Escuela
Técnica Superior de Ingenieros Industriales, Universidad Politécnica de
Madrid” (Madrid, Spain, 40.439881°N, 3.689409°W, 21m AGL, 705m
AMSL), with a 2m separation. All the material to be in contact with the
samples was sterilized in advance and further steps of manipulation
were performed in a Telstar AV 100 biosafety cabinet, with the use of
sterile gloves to prevent DNA contamination. The Melinex® tapes were
cut longitudinally into two equal parts, attached to the drums and
covered with either vaseline (pharmaceutical sterile petroleum jelly;
Interapothek), hereinafter Vaseline, or silicone solution with cyclo
hexane solvent, hereinafter Silicone. Next, one half of each Melinex®

tape was withdrawn and placed in a new drum in combination with
another half covered with a different adherent substance, resulting in
two identical drums with half tape covered with Vaseline and the other
half with Silicone (as proposed by Käpylä, 1989). Each drum was placed
in one of the spore traps and ran synchronously, collecting four in
dependent 7 days samples (see Table 1 for additional information).
Airflow was checked before and after sampling to verify that the flow
rate (∼10 L/min) was constant across the time period and between

devices. The same handheld rotameter was used for calibrating the both
devices, avoiding errors due to the different flow rate (Oteros et al.,
2017).

2.2. Morphological analysis using optical microscopy

The methodological criteria followed for aerobiological sampling
and morphological analysis of the samples follows the recommenda
tions of the International Association for Aerobiology (IAA) and the
Spanish Network of Aerobiology (REA) (Galán et al., 2007). Morpho
logical analysis of the samples was carried out by identification and
quantification for the airborne pollen types using optical microscopy
(×400 magnification). Daily and bi hourly pollen concentrations were
estimated with three longitudinal sweeps per slide (for each half of each
Melinex tape), therefore analyzing a larger surface of the tape than the
minimum representative area proposed by the standards (Galán et al.,
2007; Gharbi et al., 2017). Results were expressed as number of pollen
grains per cubic meter of air (grains/m3).

2.3. DNA extraction and quantitation

One drum from each sampling was used for DNA analysis. After
sampling, the Vaseline or Silicone of the Melinex tape with the particles
adhered was collected in the biosafety cabinet by using a sterilized
razor and placed it directly into a lysis tube of the DNA extraction kit
(DNeasy PowerSoil Kit, QIAGEN). DNA was extracted following the
manufacturer's instructions, eluted in a final volume of 60 μL and
quantified with a Quant iT PicoGreen double stranded DNA (dsDNA)
assay kit (Invitrogen, Molecular Probes) using a QuantiFluor
Fluorometer (Promega). High throughput sequencing analyses were
performed using the purified DNA from each sample. An additional
negative control was set as a 7 days sample keeping the vacuum of the
sampler off.

2.4. High throughput sequencing

Three of the four samples collected (Table 1) were subjected to high
throughput sequencing at “Parque Científico de Madrid” (Madrid,
Spain). Specific regions from 5.8S ITS2 of plants were amplified with
the primers set ITS p3 (F): 5′ YGACTCTCGGCAACGGATA 3’ (Cheng
et al., 2016), and ITS 4 (R): 5′ TCCTCCGCTTATTGATATGC 3’ (White
et al., 1990). The amplicons (∼410 bp) were attached to adaptors and
multiplex identifier sequences for the preparation of the DNA library
(conditions: 30 s at 98 °C; 20 cycles of the following steps: 10 s at 98 °C;
20 s at 50 °C; 20 s at 72 °C; and a final step of 2min at 72 °C). The ne
gative control sample did not retrieve any PCR product during the
preparation of the library following the same conditions, although it
was included in the sequencing batch. The amplicon libraries were
purified with Agencourt AMPure XP (Beckman Coulter) and sequenced
using Illumina MiSeq platform (2×300 bp reads). Raw sequence data
obtained in this study are available in the National Center for Bio
technology Information (NCBI), BioProject PRJNA522959 (Accession
no. SRR8601809 SRR8601814).

Table 1
Sampling periods of the four independent 7-days (weeks) samples, considered from 08:00 a.m. (UTC) of the first day of the week to 08:00 a.m. (UTC) of the first day
of the next week. Meteorological variables: T Mean temperature, Tmin Minimum absolute temperature, Tmax Maximum absolute temperature, R Accumulated
rainfall. Analysis: OM Morphological analysis by optical microscopy, HTS High-Throughput Sequencing.

Sample Period Most abundant pollen types detected (> 5% of abundance for each week) T °C (Tmin, Tmax) R (mm) Analysis

Week 1 22nd–29th June 2016 Olea, Pinus, Poaceae, Quercus 27.0 (17.2–35.8) 0 OM/HTS
Week 2 14th–21st March 2017 Platanus 14.7 (13.9–24.2) 0 OM/HTS
Week 3 22nd–29th May 2017 Olea, Pinus, Poaceae, Quercus 24.6 (13.9–33.7) 0 OM/HTS
Week 4 06th–13th February 2017 Cupressaceae 7.4 (1.0–15.9) 32.2 OM



2.5. Sequence assembly, preprocessing and data analysis

Bioinformatic processing of HTS data were performed as described
in Núñez et al. (2017). Briefly, FastQC software (version 0.11.3, Bab
raham Bioinformatics Group, Babraham Institute, UK [www.
bioinformatics.babraham.ac.uk/projects/fastqc/]) was employed for

general checking; PANDAseq (Masella et al., 2012) (version 2.8,
https://github.com/neufeld/pandaseq/wiki/PANDAseq Assembler)
was used for quality filtration (Q score: 0.6), paring the sequences and
removing those that exceeded the length of the amplicon (min: 320,
max: 550). Chimeras were subtracted using USEARCH v8.1 (https://
drive5.com/usearch/) with default values. Global processing was per
formed in Qiime suite environment (Caporaso et al., 2010) (version
1.9.1, http://qiime.org) with the default algorithm (pick
open refence otus.py) and UCLUST as method for picking OTUs (97%
sequence similarity). Taxonomic assignments were performed using
UCLUST (minimum consensus: 0.51, similarity > 0.9, max accepts: 3)
against a customized database previously described in Núñez et al.
(2017).

The data analysis was performed in R software environment (R
Development Core Team, 2017) (http://www.R project.org), using the
package “phyloseq” (McMurdie and Holmes, 2013) version 1.20.0. We
normalized the sequencing depths between samples employing the
package “metagenomeSeq” (version 1.18.0, (Paulson et al., 2013),
http://cbcb.umd.edu/software/metagenomeSeq). Additional informa
tion about sequence processing can be found in Fig. S1 and Table S1
(Supplementary Material). OTUs assigned to fungi or “Unidentified”
were removed. Each unique taxonomic assignment was considered a
phylotype, independently of the taxonomic level. The correspondence
between taxonomic assignments and pollen types was conducted to
compare the relative abundance of both values.

2.6. Statistical analyses

The statistical analyses were performed with different packages in R
environment (R Development Core Team, 2017). The Concordance
Correlation Coefficient (CCC) described by Lin (1989) was used to
evaluate the agreement between different methods, implemented in the
package “epiR” (Stevenson et al., 2017) (function “epi.ccc” with a
confidence level at 95%). The scale of agreement for the test inter
pretation was set as follows McBride (2005): almost perfect (> 0.99),
substantial (0.99 0.95), moderate (0.95 0.90), and poor (< 0.90). This
agreement index was used to test the concordance of the impaction
efficiency of both adhesives (Silicone vs. Vaseline) and to compare the
results from morphological identification and HTS. Also, Spearman

Table 2
Absolute pollen concentrations (total counts accumulated for the 32 days), relative abundance (percentage of the total pollen) and daily average (pollen grains/m3 *
day) for both adhesives (Silicone and Vaseline).

Adhesive Silicone Vaseline

Pollen type Total Pollen Counts Percentage of the total pollen grains/m3 *
day

Total Pollen Counts Percentage of the total pollen grains/m3 * day

Platanus 1857 36.5 58.0 1859 36.7 58.1
Olea 794 15.6 24.8 781 15.4 24.4
Cupressaceae 585 11.5 18.3 587 11.6 18.3
Quercus 558 11.0 17.4 550 10.9 17.2
Poaceae 377 7.4 11.8 434 8.6 13.6
Pinus 263 5.2 8.2 209 4.1 6.5
Populus 99 1.9 3.1 87 1.7 2.7
Plantago 86 1.7 2.7 87 1.7 2.7
Fraxinus 72 1.4 2.2 70 1.4 2.2
Urticaceae 39 0.8 1.2 42 0.8 1.3
Ulmus 31 0.6 1.0 45 0.9 1.4
Chenopodiaceae/Amaranthaceae 29 0.6 0.9 31 0.6 1.0
Acer 28 0.6 0.9 30 0.6 0.9
Compositae 22 0.4 0.7 37 0.7 1.2
Rumex 22 0.4 0.7 20 0.4 0.6
Morus 14 0.3 0.4 11 0.2 0.3
Cyperaceae 11 0.2 0.3 18 0.4 0.6
Alnus 8 0.2 0.2 10 0.2 0.3
Apiaceae 6 0.1 0.2 7 0.1 0.2
Other 180 3.5 148 2.9
Total 5081 100.0 5063 100.0

Fig. 1. Differences in absolute pollen concentrations (total counts for the 32
days) between adhesives (Silicone vs. Vaseline). Pollen types: Acer, Alnu Alnus,
Apia Apiaceae, Chen Chenopodiaceae/Amaranthaceae, Comp Compositae, Cupr
Cupressaceae, Cype Cyperaceae, Frax Fraxinus,MoraMoraceae, Olea, Pinu Pinus,
Plan Plantago, Plat Platanus, Poac Poaceae, Popu Populus, Quer Quercus, Rume
Rumex, Ulmu Ulmus, Urti Urticaceae. CCC: Lin's Concordance Correlation
Coefficient, R: Spearman Correlation Test. Significance levels: *P < 0.05;
**P < 0.01; ***P < 0.001.

      



Correlation test was applied to compare the correlation between ad
hesives for the daily and hourly time series data.

Linear regression models allowed assessing the comparison of the
daily pollen concentrations recorded in different adhesive substances in
relation to the ideal linear fit (slope=1, i.e. the pollen concentrations
recorded in Silicone was equal to the pollen concentrations recorded in
Vaseline). Finally, due to the character of the data from HTS analysis,
the comparison between adhesives (Silicone vs. Vaseline) should be
conducted calculating the relative abundance of the OTUs for each
week. A similar estimation of the relative abundance was made from
the morphological identification (OM) to compare additionally both
analysis methods (OM vs. HTS). As sequencing offered a more detailed
taxonomic resolution, the OM system was adopted, summing up all the
taxa identified by DNA sequencing corresponding to those at a lower
taxonomic rank than OM can confirm. See total taxa information in
Tables S2 S4 (Supplementary Material).

3. Results

3.1. Analysis of the concordance between adhesives for morphological
identification (optical microscopy)

To assess the agreement on the airborne pollen collection between
both adhesives, Silicone and Vaseline, we firstly evaluated the

concordance regarding the absolute pollen concentration. The most
abundant pollen types (relative abundance > 5% for the whole period
studied) were Platanus, Olea, Cupressaceae, Quercus, Poaceae and Pinus
(Table 2), representing 87.3% of the total pollen counts accumulated
during the four weeks. As shown in Fig. 1, the Lin's Concordance Cor
relation Coefficient (CCC) retrieved a value of 1.00 (almost perfect
concordance according to McBride's scale (McBride, 2005)), when these
pollen types were considered. The concordance was slightly less
(CCC=0.97, substantial agreement) when the less abundant pollen
types were taken into account (relative abundance < 5%).

Next, we compared the collection efficiency analyzing the daily
pollen concentrations. In the case of the most abundant pollen types,
the global analysis showed a substantial correspondence between the
pollen concentrations obtained from both adhesives (CCC=0.96,
Fig. 2, bottom panel) with a remarked good Spearman's correlation
value (R=0.96, P < 0.001). Nonetheless, different grades of agree
ment were calculated when the pollen types were analyzed in
dividually, ranging from almost perfect (Cupressaceae, CCC=1.00) to
moderate concordance (Olea and Platanus, CCC≥ 0.95; Pinus, Poaceae
and Quercus, CCC≥ 0.90) (Fig. 2). These results were also supported by
good values from correlation tests (R≥ 0.81, P < 0.05).

Additionally, we performed linear regression analyses to test the
divergence of the collection between the adhesives (Fig. 3). In ac
cordance with the results exposed above, the pollen of Cupressaceae

Fig. 2. Differences in daily pollen concentrations between adhesives (Silicone vs. Vaseline) for the most abundant pollen types. CCC: Lin's Concordance Correlation
Coefficient, R: Spearman Correlation Test. Significance levels: *P < 0.05; **P < 0.01; ***P < 0.001.

      



showed a well fitted model (slope= 1.01, R2=0.996). Other pollen
types with regression slope close to the ideal fit were Platanus, Olea,
Quercus and Poaceae (slope between 1.12 and 0.84). Among the most
abundant pollen types, Pinus showed the most distant model
(slope=0.75), i.e. Pinus pollen is collected with higher concentrations
when Silicone is employed. Regression linear fit displayed a good ad
justment between adhesives when daily pollen concentrations for all
the most abundant pollen types in conjunction were considered
(slope=1.07, R2=0.94).

Further, we studied the pollen concentration between the adhesives
at a bi hourly time scale seeking for a more thorough analysis. The
results showed that the pollen concentrations from Silicone were sig
nificantly correlated with those from Vaseline when all the pollen types
were considered (Fig. 4, bottom panel). Individually, the highest
Spearman's correlation coefficient was obtained for Olea pollen
(R=0.86, P < 0.001), while Platanus showed the lowest score
(R=0.50, P < 0.001). The correlation coefficients were markedly
lower than those from a daily time scale (Fig. 2), and coinciding with
low CCC values (< 0.90, poor agreement), suggesting a weaker con
cordance between adhesives when bi hourly data are analyzed.

3.2. Analysis of the concordance between adhesives for HTS data

Similar to the results for morphological analysis, we studied the
concordance of HTS results derived from the different collection
(Silicone or Vaseline). As shown in Fig. 5 (upper panel), the analysis of
three weeks examined independently revealed that the number of OTUs

observed or phylotypes detected were not statistically affected by the
adhesives employed during the collection (P > 0.05 for t test analysis),
and being the variability between periods clearly higher than between
the type of collecting surfaces (Supplementary Material Fig. S2).
Studying each week individually (Fig. 5, bottom panel), the common
OTUs gathered 44.6 55.0% of the total OTUs, although those re
presented > 94.1% of the total abundance, suggesting that those non
common OTUs represented a dispensable fraction. In agreement, the
number of common phylotypes ranged between 45.9 and 66.1%,
compiling 98.5 99.9% of the total abundance, so the contribution of
those non common OTUs/phylotypes was clearly minor in both ad
hesives. Additionally, CCC values for the distributions of the relative
abundances of the OTUs were high (≥0.90), confirming that the col
lection by the two methods are quite similar for both diversity and
abundance perspectives. Only the sampling from Week 3 showed more
divergence, likely because a short sequencing depth (see Fig. S1 in
Supplementary Material).

Next, we analyzed the effect on the most abundant pollen types. As
shown in Table 3, when the data were analyzed as a whole, only the
Pinus pollen type retrieved CCC values < 0.90, which would suggest a
remarked difference in the collection for this pollen type, in agreement
with the morphological analysis (Fig. 3). For the rest of the pollen types,
CCC values showed moderate or good correspondence between both
adhesives (CCC > 0.90, Table 3). Only 4 isolated cases from Olea,
Pinus, Plantago and Poaceae retrieved CCC values < 0.90 when the
three weeks were analyzed individually.

Fig. 3. Linear regression fit models comparing the daily pollen concentrations between adhesives (Silicone vs. Vaseline) for the most abundant pollen types. a) Plat
Platanus; b) Cupr Cupressaceae, Olea, Quer Quercus, c) Pinu Pinus, Poac Poaceae; d) All these pollen types in conjunction. The solid black line indicates the best fit
(intercept= 0 and slope= 1, ideal case with Silicone=Vaseline). Confidence interval estimation 95%.

      



3.3. Comparison optical microscopy (OM) vs. high throughput sequencing
(HTS)

As an additional analysis, we studied the concordance between OM
and HTS results. Although, globally, the order of the most abundant
pollen types according to their relative abundances is similar in both
methods (Fig. 6), in some cases such as Olea, Poaceae and Quercus, did
not always keep enough correspondence, resulting in low CCC values
(Table 4). When all the pollen types are taken into consideration the
tests retrieved an excellent concordance (CCC=1.00) between the
different analysis methods for Week 2 (March 2017) (Table 4), but a
weak concordance (CCC≤ 0.90) for the other two weeks (June 2016,
and May 2017). Although these comparisons between HTS and OMmay
be impaired by several factors (see Discussion), the analyses retrieved
always CCC values > 0.98 (except Week 3 for HTS) when the results
from both adhesives using the same methodology, OM or HTS, are
compared (Table 4).

4. Discussion

In general terms, the results from the morphological analysis (using
identification and quantification by optical microscopy, OM) showed a
good agreement between the both adhesives analyzed, especially for
the most abundant pollen types. Therefore, we concluded that Vaseline
and Silicone could be used for aerobiological sampling indistinctly for
OM surveys. Regarding molecular methods, HTS showed very

concordant results between Silicone and Vaseline. In fact, the results for
common and non common OTUs/phylotypes were very similar to those
obtained when two independent traps with the same adhesive are
tested (Núñez et al., 2017), which supports that the employment of any
of these two adhesives are suitable for pollen studies based on DNA. The
results obtained from sequencing data also suggested that both ad
hesives work equally for HTS analyses in matter of detecting global
diversity and for particular analyses by pollen types as well.

Our study has tried to isolate the differences due exclusively to the
effect of the adhesive, avoiding as much as possible to include other
sources of error (Oteros et al., 2013). Among the cautions taken to
minimize as much as possible the adhesive independent sources of
error, unlike other works, we assayed both adhesives placed in the same
drum inside the volumetric spore trap as proposed by Käpylä (1989).
The staff involved in the different phases of the study (i.e. sample
preparation, molecular analysis, pollen identification and quantifica
tion) was the same, avoiding false differences caused by technician
errors (Oteros et al., 2013). Furthermore, the spore traps were cali
brated at the beginning and at the end of the four periods of sampling
with the same handheld rotameter, assuring a constant flow rate of
10 L/min (Oteros et al., 2017) because different flow rates can produce
variations over the impaction efficiency of the adhesives regarding the
size of the pollen grains (Razmovski et al., 1998). Assuming that all
these sources of random error are covered, the differences on pollen
concentrations can be attributed to the pollen capture media when the
deviation occurs predominantly in only one direction (bias), i.e. the

Fig. 4. Differences in bi-hourly pollen concentration between adhesives (Silicone vs. Vaseline) for the most abundant pollen types. CCC: Lin's Concordance
Correlation Coefficient, R: Spearman Correlation Test. Significance level: *** P < 0.001.

      



pollen concentrations registered by one adhesive is always higher than
the concentrations registered by the other. This is the case of Pinus
pollen for the daily analysis (discussed below).

Other similar experiences have shown an acceptable global corre
spondence between Silicone (independent on the solvent employed)
and Vaseline (Comtois and Mandrioli, 1997; Galán and Domínguez
Vilches, 1997; Maya Manzano et al., 2018), although occasionally they
have exposed significant differences. Therefore, we believe that some
other aspects must be taken into account for evaluating the impaction
efficiency of the adhesives such as: i) differences regarding to the
abundance of the pollen types; ii) divergences on time scales studies;
and iii) the effect of environmental conditions, particularly when out
door samples are analyzed.

When the analyses were performed based on the abundance of the
pollen types, the greatest divergences were noted for the less abundant
pollen types during this period, e.g. Apiaceae, Cyperaceae, Compositae,
although CCC value from the absolute pollen concentrations was also
higher than 0.90. This topic has previously been considered by Comtois
et al. (1999) and Šikoparija et al. (2011, 2017), observing an increase of
the error in the measurements when the number of counted pollen is
low, fact also analyzed by Cotos Yáñez et al. (2013) who concluded that
the variations in low pollen concentrations are related to the analysis of
only a fraction of the sample because pollen grains, specially the less

abundant, are irregularly distributed on the slide. Noticing this bias, we
focused on the main pollen types based on the pollen abundance in the
atmosphere: Cupressaceae, Olea, Pinus, Platanus, Poaceae and Quercus.
Nonetheless, these pollen types represented the 87% of the total pollen
counts in this study and approximately 70 80% of the total annual
pollen amounts in central Spain (Pérez Badia et al., 2010, 2011; Rojo
et al., 2016), including the most relevant allergenic pollen types in the
atmosphere of the Mediterranean region (D'Amato et al., 2007): Poa
ceae, Olea, Cupressaceae or Platanus. The greatest divergence observed
in our study was found in Pinus pollen for both morphological and
molecular analyses, with ∼25% higher daily collection in Silicone
compared with Vaseline. Aerosol capture depends mostly on two fea
tures: adhesiveness properties of the collection surface and physical
characteristics (density and size) of the particles (Hinds, 1982). Ac
cordingly, Razmovski et al. (1998) concluded that the ornamentation of
the pollen influences on the capturing efficiency testing different ad
hesives. Pinus pollen is vesiculate and much larger than the rest of the
pollen type studied, so it is likely that the differences in adhesiveness
between Silicone and Vaseline arise especially for this particular pollen
type, although controlled studies would be required to clarify this hy
pothesis.

Differences between adhesives became more evident when the data
were analyzed hourly compared to other larger time scale (daily or
total). Maya Manzano et al. (2018) compared the intradiurnal pattern
of the pollen concentrations between Silicone (prepared with carbon
tetrachloride) and Vaseline, observing similar patterns in both ad
hesives but great variability between them. In our opinion, the pollen
variations observed in the hourly time scale are again attributable to an
adhesive independent error because Tormo Molina et al. (2013) in
dicated similar results when two independent devices with the same
adhesive were compared. The comparisons at intradiurnal time scale
requires more detailed procedures, e.g. a greater number of days with
high pollen concentrations should be considered.

Finally, meteorological conditions may affect the adhesiveness
properties of the adhesives as stated by Käpylä (1989). Silicone is a very
stable adhesive to weather conditions while the physical properties of

Fig. 5. Comparison of the results obtained from HTS analyses between adhesives (Silicone vs. Vaseline). Upper panel: Number of OTUs observed (left) or phylotypes
assigned (right) for each studied week and t-test results (t coefficient, P-value) comparing Vaseline and Silicone. Lower panel: Data and statistical analyses for No.
OTUs and phylogenetic taxa. RA∗ Relative Abundance; CCC: Lin's Concordance Correlation Coefficient values obtained by comparing the relative abundances
assigned to each OTUs in each collection method.

Table 3
Concordance correlation coefficients (CCC) between the relative abundances of
the most abundant pollen types obtained for Silicone and Vaseline by HTS
analysis.

Pollen type Total Week 1 Week 2 Week 3

Cupressaceae 0.92 0.90 0.94 0.95
Olea 0.91 0.99 0.98 0.88
Pinus 0.67 0.84 NA 0.66
Platanus 0.99 NA 0.99 NA
Poaceae 0.92 0.92 NA 0.89
Quercus 0.96 0.91 NA 0.96

NA: Relative abundance< 2% or insufficient observations for the analysis.

      



the Vaseline such as its viscosity and adhesiveness are mainly influ
enced by temperature (Käpylä, 1989). Thus, the high temperatures
reached in the warmest areas of the Mediterranean region can influence
the viscosity and the thickness of the film of Vaseline on the tape. Ac
cording to Comtois and Mandrioli (1997), and Galán and Domínguez
Vilches (1997), temperatures exceeding the level of 30 45 °C can alter
Vaseline stability. On the other hand, Käpylä (1989) described a de
crease on the impaction efficiency for Vaseline below 20 °C, although it
has not been supported by other studies conducted in outdoor condi
tions (Galán and Domínguez Vilches, 1997). Our results from mor
phological and molecular analyses did not show significant differences
between the Silicone and Vaseline regarding the capturing behavior
despite the fact that the samples were collected at different seasons,
including temperatures that ranged from 1 °C (February 2017) to
35.8 °C (June 2016), which suggests that the collection is not affected

by the potential changes in the properties of the adhesives. Moreover,
the periods analyzed (February June) approximately includes 90% of
the total amount of pollen (Pérez Badia et al., 2010; Rojo et al., 2016),
which constitutes a remarked representation of the largest amounts of
pollen recorded during the annual pollen season.

In addition, our study not only evaluated the influence of the ad
hesives but also the divergences attending to the analysis approach (OM
vs. HTS). Although most pollen types were concomitantly detected by
both methods, the concordance of the relative abundances was de
pendent on the total diversity of pollen types present in the air. Thus,
samples collected during spring and summer (June 2016 and May
2017), when pollen diversity increases, showed low CCC values, while
for March 2017, when Platanus pollen is predominant, retrieved ex
cellent concordance (CCC=1.00 for both adhesives). However, part of
these differences may be caused by inherent features of the techniques

Fig. 6. Relative abundance (based on the total counts of DNA sequences, HTS, and pollen, OM) for the most abundant pollen types to compare the method of analysis
(HTS vs. OM) and adhesives (Silicone vs. Vaseline). Logarithmic scale for the y axis was considered in the Week 2 for a better graphical representation of the data.

      



and the sampling procedure. For instance, OM measures pollen con
centrations in the air while HTS analyzes DNA of a selected region of
the plant genome present in the pollen grains but also other plant re
sidues that can be in the sample. This also implies that comparisons
must be performed using relative abundances. Moreover, the number of
copies of the amplified ITS region can vary from one plant species to
another, so the comparison between both methodologies may not be
straightforward and specific corrections would be required.
Additionally, HTS employed the whole tape for the analysis while OM
procedure is based on statistical estimation from a subsample of the
tape (Cariñanos et al., 2000; Cotos Yáñez et al., 2013; Gharbi et al.,
2017; Tormo Molina et al., 1996). Furthermore, the collection for OM
and HTS were performed using different pollen traps running syn
chronically, fact that implies assuming certain instrumental error
(Tormo Molina et al., 2013). Although comparisons may be hampered
for these reasons and further studies should address these issues, the
results using data from the same technique were consistent and
pointing the same conclusion, that both adhesives retrieve comparable
outcomes.

Either way, both analysis techniques, OM and HTS, can be com
plementary because they provide very useful information about the
biotic content of the atmosphere (Clauβ, 2015; Mullins and Emberlin,
1997; Núñez et al., 2016a, 2016b). HTS offers better taxonomic re
solution, solving the uncertainty of some pollen types like Poaceae,
Cupressaceae or Chenopodiaceae/Amaranthaceae, and retrieving, in
most cases, a taxonomic identification at Genus level. This fact pro
motes the implementation of this technology in aerobiology (Bell et al.,
2016; Korpelainen and Pietiläinen, 2017; Kraaijeveld et al., 2015). On
the other hand, although extremely time consuming and considerable
expertise required, one essential point to keep using morphologic
identification is the quantification of the grains from the different
pollen types with a more detailed time resolution, which cannot be
currently inferred from our HTS approach. The pollen concentrations
are currently employed to provide public alerts about allergenic pollen
in the atmosphere. One strategy to take advantage of the benefits of
both approaches, DNA sequencing and microscopy, would be to com
bine the pollen identification by HTS and the quantification of the total
count of pollen from microscopy to infer the alerts for allergenic pollen
types, although more studies relating both analyses should be con
ducted (Gutiérrez Bustillo et al., 2016).

5. Conclusions

The comparison of the pollen concentrations between both ad
hesives, Silicone prepared with cyclohexane and Vaseline, under non
controlled conditions showed a high degree of agreement. This con
cordance was tested by two different methods: morphological analysis

by optical microscopy (OM, the most accepted methodology in aero
palynology), and molecular analysis based on high throughput DNA
sequencing (HTS). Among all the pollen types analyzed, only relevant
differences were observed for Pinus, with an assumable deviation of
higher pollen concentrations detected in Silicone compared to Vaseline.
Based on our results, these two adhesives can be used indistinctly, and
daily pollen records derived from them are comparable data. Moreover,
they are both appropriate for avoiding the negative effects of Volatile
Organic Compounds (VOCs) like carbon tetrachloride, classified as
potential human carcinogen and still used in the formulation of some
adhesives in aerobiology.
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