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Abstract During an international campaign organ-
ized in Munich (Germany) in 2021 to test the perfor-
mance of automatic pollen traps, we ran four manual 
Hirst-type pollen traps in parallel. All 4 Hirst-type 
pollen traps were set and monitored on a weekly 
basis for the entire campaign to 10 L/min using the 
same standard hand-held rotameter. Afterwards, a 
hand-held heat-wire anemometer (easyFlux®) was 
used additionally to obtain the correct flow without 
internal resistance. Uncorrected pollen concentra-
tions were 26.5% (hourly data) and 21.0% (daily data) 
higher than those obtained after correction with the 
easyFlux®. After mathematical flow correction, the 
average coefficient of variation between the four Hirst 
traps was 42.6% and 16.5% (hourly and daily aver-
ages, respectively) for birch and 36.8% and 16.8% 

(hourly and daily averages, respectively) for grasses. 
When using the correct flow of each pollen trap (i.e. 
the resistance free anemometer measured flow), for 
hourly values, the median standard deviation across 
the traps for the eight pollen types was reduced 
by 28.2% (p < 0.001) compared to the uncorrected 
data. For daily values, a significant decrease in the 
median standard deviation (21.6%) between traps was 
observed for 7 out of 8 of the pollen types, (p < 0.05 
or lower). We therefore recommend continuing to 
calibrate Hirst-type pollen traps with standard hand-
held rotameters to avoid changing the impacting char-
acteristics of the instruments, but simultaneously also 
measure with resistance-free flow meters to be able to 
apply flow corrections to the final pollen concentra-
tions reported. This method improved the accuracy of 
the final results.
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1 Introduction

Pollen measurements are routinely performed at more 
than 600 stations worldwide according to the pollen 
monitoring map of the world (www. zaum- online. 
de/ pollen) (Buters et  al., 2018). The large majority 
of these sites use pollen traps that sample a known 
volume of air (Hirst, 1952), which at the time of 
development was a milestone in Aerobiology since it 
allowed standardization and thus comparison between 
aerobiological studies. Over the last decade, another 
milestone has been achieved through the development 
of automatic pollen monitoring devices (Oteros et al., 
2015; Crouzy et al., 2016; Šaulienė et al., 2019; Sau-
vageat et al., 2020; Tešendić et al., 2020). Hirst-type 
pollen traps are, however, still widely used and often 
serve as a basis for comparison against the automatic 
devices at the sites (Maya-Manzano et  al., 2023; 
Tummon et  al., 2021) where such instruments are 
installed (about 40 in Europe).

Within the framework of the EUMETNET Auto-
Pollen Programme (Clot et al., 2020) and the ADOPT 
COST Action, an international intercomparison was 
organised in Munich, Germany (Maya-Manzano 
et al., 2023). The aim of this campaign was to eval-
uate the capabilities of the large range of automatic 
pollen monitors that are currently available. Four 
Hirst-type manual traps were run in parallel and ana-
lysed in detail to provide a baseline of the current 
manual standard.

To ensure that the Hirst-type traps provide reliable 
data, basic procedures were defined and standardized 
(Galán et  al., 2014; EN16868:2020). This includes 
maintaining certain essential calibrations related to the 
sample collection and counting methods. For example, 
the speed at which the drum rotates inside the trap was 
standardized at 2 mm/hour (Hirst, 1952). Cleaning of 
the instrument’s inlet is also a standardized procedure 
before starting collection. Besides this, other factors 
can also disturb the incoming airflow, and it is recom-
mended to keep a minimum of 2 m distance from other 

devices, 200  m from other buildings, and 3  m from 
roof edges to limit turbulences (Oteros et al., 2019) and 
a canyon effect (Peel et  al., 2014). Other factors such 
as the adhesive used (Maya-Manzano et al., 2018), the 
area of the sample counted (Sikoparija et al., 2011), or 
the human operator making the counts (Oteros et  al., 
2020; Sikoparija et  al., 2017) also influence the val-
ues obtained. Furthermore, not all networks provide 
data clustered in the same hourly periods (Galán et al., 
2014).

The Hirst-type traps suck air at a standardized rate 
of 10 L/min. It is assumed that their pumps do not age 
and lose power over time. Loss of aspiration power 
is a potential problem because the instruments com-
monly used to calibrate the airflow have an internal air-
flow resistance, which normally goes unnoticed if the 
pump still functions correctly. However, if the pump 
is weak and the airflow is calibrated using a device 
(often a hand-held rotameter) with an internal resist-
ance, the pump together with the hand-held rotameter 
will not manage to suck in 10 L/min and the operator 
thus falsely increases the flowrate to compensate. This 
results in errors averaging 33% (range 5–72%) accord-
ing to Oteros et al. (2017). This potentially affects the 
measurements of different pollen taxa differently. When 
working with the common hand-held rotameters, the 
differences in daily pollen concentrations between traps 
were reported to be 23% for birch (Buters et al., 2012) 
and 20% for Poaceae (Buters et  al., 2015). This error 
can easily be mitigated by using a resistance-free flow 
measurement to calibrate the traps (Oteros et al., 2017).

Some authors have reported higher variability in 
hourly (Tormo Molina et al., 2013) or two-hourly pol-
len concentration data (Adamov et  al., 2021) com-
pared to daily averages. It is possible that compensat-
ing for airflow errors at these temporal resolutions 
may decrease the variability and thus make the data 
more comparable. The aim of this work is; (1) to pro-
vide an overview of the environmental conditions of 
the AutoPollen-ADOPT international intercomparison 
campaign. (2) to evaluate the hourly and daily vari-
ability between Hirst-type traps when calibrated using 
hand-held rotameters and when a correction of the flow 
is applied using resistance-free flow measurements. We 
also discuss the differences in measured airflow using 
five different flowmeters.

http://www.zaum-online.de/pollen
http://www.zaum-online.de/pollen
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2  Materials and methods

2.1  Pollen sampling

Four Hirst-type traps (Burkard Manufacturing Co 
Ltd) were placed on a rooftop 10.5 m above ground 
level at the Helmholtz Zentrum München (11.5956°E, 
48.2208°N, Munich, Germany), as part of the 
EUMETNET AutoPollen-COST ADOPT instruments 
intercomparison campaign (Maya-Manzano et  al., 
2023), which ran from 3rd March to 14th July 2021. 
The clocks inside the traps were calibrated using a 
Witschi Watch Expert IV device (Witschi, 2022) and 
weekly tests were run until less than ± 2% error was 
obtained (± 3.4 h over a total of 168 h per week).

To ensure the traps were affected by as little tur-
bulence as possible, they were located 3 m from the 
edge of the building, with their inlet 1.7 m above roof 
level, in a 12 m long and 5 m wide rectangular dis-
position. The four traps were labelled A, B, C and D, 
with the devices A and B closer to each other, and C 
and D also closer to one another. Melinex tape coated 
with vaseline adhesive was used to capture the parti-
cles. The tapes were replaced every 7 days and then 
cut into 24 h fragments and embedded using glycer-
ine-gelatine with safranin. Pollen was analysed under 
400 × magnification along 4 longitudinal transects, 
covering 15.8% of the total surface following the 
minimum recommendations (> 10%) of the European 
standard EN 16868:2020. Hourly data were assessed 
by using the same methodology explained by Galán 
et al., (2007). Because of the possible influence that 
the adjacent vegetation could have on the obtained 
data, the surrounding tree species were mapped in a 
500 m radius from the sampling site.

2.2  Flow correction calculations

At the beginning of the campaign, the airflow of the 
traps was set to 10 L/min using a Burkard Manufac-
turing rotameter. Airflow was monitored weekly and 
adjusted if necessary.

On 14th July 2021, we tested five different flow-
meters to check their differences. These included 
Burkard Manufacturing Co Ltd, Burkard Scientific 
Ltd, and Lanzoni Srl rotameters, as well as an in-
house-designed resistance-free, externally-calibrated 
flow meter called RFF and an easyFlux® resistance-
free flow meter (Figure S1, Supplementary material). 

The two resistance free flowmeters were externally 
calibrated by ESZ calibration laboratories, Munich, 
Germany. From these measurements, we obtained 
the correction factor to adjust the average of the flow 
measured with the Burkard Scientific rotameter which 
was used throughout the campaign.

The average flow values for the traps were 
14.43 ± 0.32 L/min for A, 13.38 ± 0.26 L/min for 
B, 13.21 ± 0.25 L/min for C and 13.39 ± 0.25 L/min 
for D, as determined with the calibrated easyFlux® 
flowmeter.

2.3  Weather data

The meteorological data for Munich were obtained 
from the German National Meteorological Service 
(DWD, 2021) using the R package rdwd (Boessen-
kool, 2021). Data from the München-Stadt station 
located 7.5  km away from the sampling site were 
acquired. The following parameters were analysed at 
hourly resolution: rainfall (mm), air temperature (°C), 
relative humidity (%), wind speed (m/s), wind direc-
tion (°), sunshine duration (hourly sum, in minutes), 
and air pressure (hPa) (Figure S2, Supplementary 
material).

2.4  Statistical analysis

The Main Pollen Season (hereafter, MPS) was cal-
culated using the 95% method averaged over all 
the Hirst traps that were working at any given time 
(n = 2–4) with the AeRobiology R package (Rojo 
et  al., 2019a). For the statistical analysis, only the 
time steps when all four traps recorded pollen data 
and concentrations were > 10 pollen grains/m3 were 
included for both, hourly and daily basis. This thresh-
old was set as described by Adamov et  al. (2021), 
due to the high uncertainty of Hirst traps for such 
low pollen concentrations (Adamov et al., 2021; Rojo 
et  al., 2020). The hourly pollen concentrations per 
pollen type were also averaged and reported as daily 
pollen concentrations and subjected to the same sta-
tistical analysis. After checking normality with the 
Shapiro–Wilk test, hourly data were processed and 
treated for the eight dominant pollen types: Pinus, 
Betula, Poaceae, Urticaceae, Taxaceae/Cupressaceae, 
Fraxinus, Quercus and Carpinus. Other pollen types, 
such as Ambrosia, Alnus, Artemisia, Corylus, Fagus, 
Picea, Plantago, Populus or Tilia, were also counted 
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but they were not recorded in sufficiently high con-
centrations to warrant further analysis. In the case of 
Corylus, we missed its MPS and thus did not include 
it in the analysis. Also unrecognized pollen type 
(labelled as Varia) was counted.

The Coefficient of Variation (%) between the four 
Hirst traps was calculated for each pollen type using 
corrected pollen concentrations. The standard devia-
tion of pollen concentrations across the four traps 
was calculated for each time step with and without 
the flow correction and these differences were evalu-
ated using the Wilcoxon signed rank-Test for paired 
samples. To compare the differences between traps 
for pollen concentrations at hourly and daily reso-
lutions, the Friedman test (Friedman, 1940) was 
applied, (e.g. Maya Manzano et  al. 2017a; Picornell 
et al., 2019). When statistical significance was found, 
it was followed by a Wilcoxon signed-rank test for 
pairwise comparisons with p-value corrections using 
the Bonferroni method. Spearman´s rank coefficient 
between traps was also calculated following the same 
methodology to ensure paired values as a statisti-
cal parameter to check the similarity between traps 
and Bland–Altman plots (Altman & Bland, 1983) 
were drawn to evaluate the agreement between pairs 
of measurements for all traps and the existence of 
possible systematic errors, with a 95% Confidence 
Interval represented by the mean difference ± 1.96 * 
standard deviation. Finally, to calculate differences 
between the flow measured by the flowmeters, the 
Kruskal–Wallis test (Kruskal & Wallis, 1952) was 
carried out for multiple unpaired samples (5 groups). 
When a p-value < 0.05 was obtained, a Dunn´s post-
hoc test (Dunn, 1964) was applied, again with p-value 
corrections using the Bonferroni method. Statistical 
differences in all cases were reported when p-values 
were < 0.05.

3  Results

3.1  Surrounding vegetation

Eleven tree taxa of aerobiological interest were iden-
tified within a 500  m radius surrounding the Hirst 
traps (Fig.  1A). The predominant taxa, with 506 
specimens was Pinus (especially Pinus sylvestris and 
Pinus nigra), followed by Betula spp. (mainly Betula 
pendula), Carpinus spp. (mainly Carpinus betulus), 

and Platanus spp., with 73, 57, and 38 specimens, 
respectively. For the rest of the taxa, the number of 
specimens was lower and ranged from 4 (Taxus bac-
cata) to 14 specimens (Corylus spp., mainly Corylus 
avellana). Their geolocation provides an idea of their 
distribution and how their proximity to the traps may 
affect the results obtained (Fig.  1B). For instance, 
some specimens of Taxus baccata, Corylus spp. or 
Carpinus spp. were very close (< 200 m) to the sam-
pling site and are thus likely to be overrepresented in 
the pollen counts. Additionally, sources close to the 
traps could result in an inhomogeneous distribution of 
pollen that may have impacted one trap more than the 
others.

Moreover, the background coloured in light-green 
in Fig. 1B represents a large surface covered by grass 
pastures, with Poaceae spp., Urticaceae spp, Plantago 
spp. and Asteraceae spp. amongst other herbaceous 
taxa present.

3.2  Meteorological data

The results for wind direction show that the four traps 
were predominantly facing the west and south-west 
during the observational period (Figure S2A, Sup-
plementary material). Rainfall was for the most part 
under 10  mm/day, except for late in the campaign 
when precipitation rates were over 20  mm/day for 
four days (Figure S2B, Supplementary material). 
Starting in early spring and ending in mid-summer, 
the air temperature increased over the measurement 
period reaching 25 °C during the second half of the 
campaign. The maximum temperature observed was 
31.6  °C while the minimum was −4.1  °C (Figure 
S2C, Supplementary material). The average relative 
humidity was 65.5% over the entire campaign, vary-
ing on average around 41% over the day between the 
lowest and highest humidity (Figure S2D, Supple-
mentary material).

3.3  Pollen sampling and differences between Hirst 
traps

The pollen concentrations obtained during the MPS 
show that Pinus was the most abundant pollen type, 
followed by Betula and Poaceae (Fig.  2). The main 
characteristics of the MPS for each counted pol-
len type is presented in Table  S1 (Supplementary 
material). Time series’ of hourly and daily pollen 
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concentrations are shown in Fig. 3A and B while the 
pollen concentrations per wind direction for the eight 
pollen types are shown in Figure S3 (Supplementary 
material). Uncorrected pollen concentrations were 

on average 26.5% and 21.0% higher (hourly data and 
daily data) than the resistance-free flow corrected 
concentrations. The average coefficient of variation 
between the 4 Hirst type (after correction) was pollen 

Fig. 1  Species distribution surrounding the sampling site. A 
The number of individuals for different aerobiologically-rele-
vant species. Note the gap in the y-axis for Pinus spp. B Loca-
tions of these trees within a 500-m radius of the sampling site 

(Hirst-type traps shown as blue diamonds), with a zoom on the 
measurement site. Background colour: white = Helmholtz Zen-
trum München and other buildings, green = natural areas
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species dependent and also higher for hourly pollen 
concentrations than for daily pollen concentrations 
(40.5 ± 2.5% vs. 19.0 ± 5.1%, Table 1).

When comparing pairs of traps per pollen type 
(after flow correction), statistically significant differ-
ences between the traps were observed in all cases for 
the hourly data, except for Taxaceae/Cupressaceae 
(Table  2). For all possible combinations (48, since 
we have 8 pollen types and 6 different combinations 
between the traps), 23 combinations (47.9% cases) 
were significantly different, but not always between 
the same traps. Trap A was involved in 11 of the cases 
with significant differences, trap B in 15, trap C in 9, 
and trap D in 10 of the cases. As additional infor-
mation, A and B were counted by the same counter, 
but C and D were examined by another counter (but 
from the same laboratory). When the daily data were 
compared, the Friedman test showed significant dif-
ferences between traps for four pollen types (5 cases 

out of 48 or 10.4%): Pinus, Poaceae, Urticaceae and 
Quercus. In all the 48 cases tested, A and C were dif-
ferent in 2 cases, trap B on 3 occasions and trap D 
3 times. The average pollen concentrations for each 
pollen trap and the average standard deviations for the 
analysed period are displayed in Table 3. Bland–Alt-
man plots (Fig. 4) showed that the agreement between 
pairs of traps was lower for hourly pollen concentra-
tions (Fig.  4a) than for daily pollen concentrations 
(Fig.  4b), which the most of values felt within the 
confidence intervals. The mean differences (bias) 
were reasonably closer to zero, with the points dis-
tributed most as a “triangle” according to the random 
relative errors, with no irregular patterns (systematic 
bias). The higher deviations were seen for those pol-
len taxa that reached the higher concentrations, such 
as Pinus, Poaceae, Taxus or Urticaceae. Other pol-
len taxa (Betula, Fraxinus, Carpinus or Quercus) did 
not show so clear patterns, with bigger differences 

Fig. 2  Relative abundance 
(%) of pollen taxa. Rela-
tive abundance (in %) of 
airborne pollen in the Hirst-
type pollen traps during the 
intercomparison campaign 
2021 for the major pollen 
types. Data are averaged 
over the entire sampling 
period from 3 March to 15 
July 2021
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between measurements that can be reached also at 
medium pollen concentrations.

3.4  Differences between Flowmeters and reduction 
of variability by correcting the flow

The flow values obtained for each trap using the rota-
meters and resistance free-flowmeters showed that 
there are no significant differences between the Burk-
ard Scientific, Lanzoni, and RFF (Fig. 5). The Burk-
ard Manufacturing flowmeter always measured the 
lowest values, while the easyFlux® showed the high-
est values and were significantly different (p < 0.05) 
compared to the four other devices. We chose 
the  easyFlux® to correct the flow since this instru-
ment is resistance-free and is cheaper and easier  to 
handle than the RFF. As a side note, all the flowme-
ters, with the exception of the Burkard Manufacturing 
device, showed that trap A had the highest flow rates.

When the observations were corrected for erro-
neous flow using the easyFlux® flowmeter, all the 
standard deviations between traps were reduced 
(Fig. 6). For the hourly data, differences were statis-
tically significant (p < 0.001) for all cases, with the 
median concentration also being reduced by 28.2% 
on average (ranging from 23.5% for Urticaceae to 
33.2% for Quercus). For the daily averages, 7 out of 
the 8 pollen types show significantly different val-
ues (p < 0.05 or lower) and with median values being 
reduced by 21.6% on average across the 8 pollen 
types (ranging from a reduction of 5.5% for Carpinus 
to 34.6% for Pinus). The daily values for the Taxa-
ceae/Cupressaceae pollen type were the only excep-
tion in which the variability did not significantly 
decrease after the flow correction, but this is likely 
due to the low number of values considered in this 
case (5 values).

4  Discussion

When comparing with a previous study carried out 
in Munich (Rojo et  al., 2020), the influence of sur-
rounding vegetation can be noticed in pollen types 
such as Pinus or Poaceae. They reported the mean 
for pollen monitoring over ten years (2006–2016) for 
two stations of Munich (located in city centre at 6.3 
and 11.9 km distance from the current location). For 
Pinus, the APIn was lower than 2000 pollen*day/m3 

for both stations and around 2000 pollen*day/m3 for 
Poaceae. In our study Pinus is two times higher (4211 
pollen*day/m3) and Poaceae reached a higher pollen 
integral too (3017 pollen*day/m3). Regarding other 
types such as Betula or Fraxinus pollen, our location 
obtained two and three-five times lower pollen (3091 
for Betula and 1090 pollen* day/m3 for Fraxinus) 
than the compared two stations (around 7500–7700 
pollen*day/m3 for Betula and 3200–5000 pollen*day/
m3 for Fraxinus). The comparison between the sur-
rounding vegetation and the relative abundance of 
pollen concentrations during the sampling period can 
provide a general idea on how pollen sources could 
influence the measured pollen concentrations. In our 
work, the two main taxa present in the area within 
500  m of the sampling site (Pinus spp. and Betula 
spp.) were also the most abundant pollen types in the 
observations, although not in the same proportion. 
Despite many Pinus trees being close to the traps, the 
predominant wind direction was from the west and 
southwest meaning that not much pollen was directly 
transported from the trees, which were mostly located 
to the east of the sampling location. The influence of 
vegetation type together with dominant wind patterns 
on observed pollen concentrations has been reported 
by other authors (Rojo et  al., 2015; Maya-Manzano 
et  al. 2017b). Since the traps were located on a flat 
rooftop 10.5  m above the ground, this reduces the 
influence of close-by pollen sources that are not 
large, for example herbaceous plants and grasses, and 
should serve to provide a more homogenous represen-
tation of airborne pollen than if the site were located 
at ground level (Rojo et  al., 2019b). However, since 
some species such as Carpinus betulus, Corylus avel-
lana, Taxus baccata and Tilia platyphyllos are located 
to the west, southwest, and northwest of the sampling 
site, they are likely to have influenced the measure-
ments to some extent when the wind blew from these 
directions (predominant in the studied area). The dif-
ferent pollen types and their predominant wind direc-
tion patterns over the campaign are shown in Figure 
S3.

The comparison between the four traps showed the 
extent of the variability between them (Fig. 6), espe-
cially for the higher time resolutions, as highlighted 
in former studies (Adamov et  al., 2021; Tormo 
Molina et al., 2013). Interestingly, the devices did not 
show a systematic bias between them, according to 
the captured behaviour shown by the Bland Altman 
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plots (Fig.  4). However, these plots also showed a 
higher variability in hourly data regarding daily data, 
as reported by the former studies. The careful design 
of the experiments, including the calibration of meas-
urement instruments (calibration of clocks rotation, 
external calibration of resistance-free flowmeters and 
periodical checking of flow rate) used in our research, 
together with good practices to minimize the influ-
ence of external factors (ensure the distance to the 
borders in the rooftop to avoid turbulences, to elevate 
the sampling point at a minimum heigh and also 
above the ground level, the pollen analysis being per-
formed within the same laboratory, etc.) are the only 
measure possible to reduce bias.

Differences were taxa dependent, with, for 
instance, daily coefficients of variation after cor-
rection of 16.5% for Betula and 16.8% for Poaceae, 
which are lower than reported in previous studies 
(23% Betula and 20% Poaceae, (Buters et  al., 2012, 
2015)) at the same location but without carrying out 
flow corrections. An additional source of variability 
is likely to stem from the different sampling flow of 
each pollen trap. While the flow rate was controlled 
by adjusting the flow of each trap with a rotameter 
every week, following the European standard (EN 
16868:2020), Oteros et  al. (2019) showed that the 
air-flow resistance of the rotameter itself impacted 
the flow adjustment and this may influence traps dif-
ferently, in part because their individual pumps react 
differently. It is possible that the traps used in this 
study do not represent the entire spectrum of differ-
ences seen across such instruments since we report 
a smaller range than the 5–72% observed by Oteros 
et al. (2017), who measured 19 different traps instead 
of the 4 in our study.

The differences found between rotameter brands 
(Fig.  5) are in agreement with Oteros et  al. (2017). 
From our results, a low air-flow resistance flowmeter 
is recommended, which could be an electronic flow-
meter like the easyFlux®. Our in-house RFF would 
be a solution too, however, it is more cumbersome to 
work with and thus more prone to handling errors. 
Indeed, statistically significant differences were found 
between the easyFlux® and RFF (p < 0.05), possibly 

because of handling errors. Interestingly, the RFF 
showed results more similar to the standard rota-
meters (Burkard Scientific and Lanzoni). It is very 
challenging to estimate the internal resistance of the 
easyFlux® or the RFF and although both are exter-
nally calibrated and certified, some small differences 
might remain. Nevertheless, from the design of both 
instruments, this is likely to be significantly smaller 
than the resistance of the rotameters tested. The 
higher sensitivity of the resistance-free flowmeters 
compared to the standard rotameters is also evident 
through the higher flow measured for trap A, which 
was practically undetected by the two Burkard rota-
meters (Fig. 5). In practice, it would mean that since 
most stations are usually calibrated with Burkard 
rotameters, nearly all traps are erroneously calibrated, 
confirming the work of Oteros et al. (2017).

By correcting for the flow errors, we reduced the 
standard deviation by about 28% (Fig. 6). Even if the 
four traps were originally set to 10 L/min, the cor-
rection using the more accurate resistance-free flow 
rate resulted in significantly different values and less 
variability between traps. The power of applying this 
correction can be clearly observed for Trap A that 
was found to suck in 1L/min more than the three 
other traps. By applying the correction factor, differ-
ences from the other traps are essentially removed. 
These results support the statement from Oteros et al. 
(2017) recommending that the measured flow rate 
and type of flowmeter used are reported. This would 
improve the accuracy of the Hirst-type measurements 

Fig. 3  Time series. Time series of hourly A and daily B obser-
vations for the 8 main pollen types from the four Hirst traps 
(A, B, C and D) after individual mathematical flow correction 
to 10 L/min

◂

Table 1  Coefficient of variation between Hirst-type pollen 
traps after flow correction

Average Coefficient of Variation (%) across the four traps for 
hourly and daily values

Pollen type Hourly average 
CV (%)

Daily aver-
age CV (%)

Pinus 42.4 21.4
Betula 42.6 16.5
Poaceae 36.8 16.8
Urticaceae 37.0 17.3
Taxaceae/Cupressaceae 41.3 10.7
Fraxinus 39.8 23.8
Quercus 40.9 18.0
Carpinus 43.5 27.5
Mean of means 40.5 19.0
SD of means 2.5 5.1
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and allow a higher level of standardization within and 
across networks.

Since the flow rate is essential to estimate the total 
volume of air sampled, the underestimation of flow 
resulting from the hand-held rotameters means that 
the reported pollen concentrations are higher than 
they should be (in our case a 26.5 and 21% for hourly 

and daily resolution). This obviously has potentially 
significant consequences for end users, for example, 
allergy sufferers who are expected to have symp-
toms above certain concentration thresholds. The 
correction with simple resistance-free sensors has 
two advantages: more accurate values are reported 
and differences between instruments, for example, 

Table 3  Pollen concentrations for each of the four pollen traps

Average and standard deviation values are shown (pollen grains/m3) for (A) hourly values and (B) daily values during the studied 
timestamps. Values were calculated only when all four traps were running and when pollen concentrations were > 10 pollen/m3

Hourly data

Pinus Betula Poaceaae Urticaceae

Trap Average Sd Trap Average Sd Trap Average Sd Trap Average Sd

(A)

A 240 304 A 122 286 A 121 113 A 86 62
B 203 263 B 117 371 B 114 98 B 84 60
C 279 383 C 125 343 C 130 116 C 98 66
D 244 311 D 125 322 D 137 140 D 104 70
Mean 242 316 Mean 122 330 Mean 126 117 Mean 93 64

Taxaceae/Cupressaceae Fraxinus Quercus Carpinus

Trap Average Sd Trap Average Sd Trap Average Sd Trap Average Sd

A 77 86 A 79 72 A 97 88 A 122 156
B 68 74 B 92 86 B 78 87 B 96 130
C 78 80 C 75 71 C 80 81 C 98 128
D 79 73 D 77 68 D 86 86 D 81 107
Mean 75 78 Mean 81 74 Mean 85 85 Mean 99 130

Daily data

Pinus Betula Poaceaae Urticaceae

Trap Average Sd Trap Average Sd Trap Average Sd Trap Average Sd

(B)

A 158 158 A 82 92 A 92 64 A 55 33
B 135 137 B 78 97 B 87 61 B 53 31
C 175 207 C 83 91 C 98 70 C 64 39
D 159 162 D 85 94 D 106 80 D 67 44
Mean 157 166 Mean 82 93 Mean 96 69 Mean 60 37

Taxaceae/Cupressaceae Fraxinus Quercus Carpinus

Trap Average Sd Trap Average Sd Trap Average Sd Trap Average Sd

A 57 15 A 58 42 A 51 44 A 59 44
B 49 14 B 71 62 B 41 34 B 54 39
C 58 14 C 51 47 C 41 37 C 46 37
D 59 14 D 58 43 D 46 41 D 39 29
Mean 56 14 Mean 59 48 Mean 45 39 Mean 49 37
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Fig. 4  Bland–Altman plots. Plots of agreement between pairs 
of measurements for hourly A and daily B observations for 
the 8 main pollen types from the four Hirst traps (A, B, C and 
D) after individual mathematical flow correction to 10 L/min. 

Black solid line shows the mean difference (bias) between both 
measurements. Dashed black lines showed the upper and lower 
threshold for confidence intervals (95%, mean difference ± 1.96 
times the standard deviation)



Aerobiologia 

1 3
Vol.: (0123456789)

due to differences in pump age, are corrected for and 
will result in more standardized measurements. The 
recommended weekly control routine does not need 

to be changed as long as the hand-held rotameter is 
calibrated against a resistance-free measurement and 
flow values corrected accordingly when calculating 

Fig. 4  (continued)
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airborne pollen concentrations. This calibration 
should be repeated at regular intervals.

Adapting the “old” flow, i.e. reducing the flow 
to a real 10 L/min, is likely to change the impacting 
efficacy (lower flow results in less impaction), thus 
affecting the time series. In the case of existing sta-
tions, we recommend correcting for the flow only 
afterwards, when the pollen concentrations are cal-
culated. However, if a new station is established the 
correct flow should be used from the start. As almost 
all Hirst-type traps have been running with a “wrong” 
flow, we suggest setting a new trap at 13 L/min using 
resistance free flow measurements to maintain similar 
impacting characteristics as the other traps, using this 
flow to calculate the pollen/m3.

5  Conclusions

The EUMETNET AutoPollen – COST ADOPT 
international intercomparison campaign took place 
in Munich, Germany, from 3 March to 14 July 2021. 
As part of this campaign, four Hirst-type pollen 
traps were run in parallel according to the European 

standard (CEN16868:2020), close enough to assume 
homogenous measurement conditions. The variability 
between Hirst-type traps is a critical issue that needs 
to be considered in aerobiological studies and here we 
assess the reduction in this variability resulting from 
correcting air flow differences. Even after correction, 
we found that 47.9% of the possible combinations 
between four different pollen traps and eight pollen 
types were significantly different when hourly aver-
ages were considered. For daily values, the variabil-
ity was lower, with 10.4% of cases being significantly 
different from one another. However, according to the 
Bland Altman analysis, systematic bias between the 
devices were not detected. We showed that a propor-
tion of these differences is related to erroneous flow 
measurements, which can easily be corrected for. 
By doing so, the variability (based on the difference 
between medians standard deviations) was reduced on 
average by 28.2% for the eight pollen types for hourly 
values (ranging from 23.5% for Urticaceae to 33.2% 
for Quercus) and 21.6% for daily values (reduction of 
5.5% for Carpinus to 34.6% for Pinus). As a result, 
the average coefficient of variation between the four 
traps was lower than in previous studies (averages of 

Fig. 5  Airflow measured 
by 5 different flowmeters. 
The tests were carried out 
on 14 July 2021. Burkard 
Scientific Ltd, Burkard 
Manufacturing Co Ltd, 
and Lanzoni Srl are all 
rotameters with internal 
resistance. RFF (resistance 
free flow measurement) and 
easyFlux® are heat ane-
mometers. The anemom-
eters have considerably less 
internal flow resistance than 
the rotameters. Results for a 
post-hoc analysis (Dunn test 
with Bonferroni correction 
for the p-values) are shown 
after a Kruskall Wallis test 
(p < 0.0001) was performed. 
ns, *, **,*** and **** 
represent p-values of > 0.
05, ≤ 0.05, ≤ 0.01, ≤ 0.001 
and ≤ 0.0001, respectively
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Fig. 6  Effect of resistance-free flowmeter correction. Standard 
deviation between the measurements of the 4 different traps, 
with and without additional easyFlux® flow correction. The 
variability for hourly A and daily data B before correction are 
shown for the eight most abundant pollen types (Taxaceae/

Cupressaceae having n = 5). Only periods when all four Hirst 
traps had values > 10 pollen/m3 were considered. *, ** and *** 
represent p-values of ≤ 0.05, ≤ 0.01 and ≤ 0.001, respectively. 
P-values > 0.05 remain without asterisk
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40.5 ± 2.5% for hourly observations and 19.0 ± 5.1% 
for daily values) but depended on the pollen taxa 
(daily coefficient of variation of 16.5% for Betula and 
16.8% for Poaceae). In order to provide more precise 
airborne pollen concentrations, we recommend that 
flow is corrected using more accurate values obtained 
from resistance-free flowmeters. This will also make 
the results between stations more comparable, espe-
cially important in pollen monitoring networks.
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