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TECHNICAL NOTE

Performance of the Naneos partector 2 multi-metric nanoparticle detector 
at reduced temperature and pressure conditions

S. Bezantakosa, C. K. Varnavaa, R. Papaconstantinoua, and G. Biskosa,b 

aClimate and Atmosphere Research Center, The Cyprus Institute, Nicosia, Cyprus; bFaculty of Civil Engineering and Geosciences, Delft 
University of Technology, Delft, The Netherlands 

ABSTRACT 
Portable instruments that can measure the number concentration and size of airborne nano
particles are very useful for assessing their impacts on human health and climate, mainly 
because they can enable personal monitoring when carried by individuals, and/or 2- or 
3-dimensional mappings when employed onboard mobile platforms. Partector 2 (P2), which 
is a lightweight and portable instrument manufactured by Naneos Particle Solutions GmbH 
(Windisch, Switzerland), can determine the concentration (up to 106 #/cm3) and average 
diameter of aerosol particles having sizes from 10 to 300 nm, making it an excellent candi
date for such measurements. Although its performance has been investigated at standard 
conditions (i.e., ground level pressure and room temperatures), it has not been assessed 
under reduced pressure and temperature conditions that are typically encountered at higher 
altitudes; e.g., when employed outdoors in mountainous environments and/or onboard 
Unmanned Aerial Systems; UASs. Here we assess the counting and sizing capabilities of P2 
at temperatures from ca. 22 down to 4 �C, and pressures from 1013 down to 710 hPa that 
correspond to altitudes from sea level to ca. 3 km. Our results show that the performance of 
the instrument is not substantially affected when operated at these conditions, remaining 
within the accuracy thresholds of ±30% reported by the manufacturer. P2, therefore, quali
fies for outdoor use at higher altitudes, and can be employed in such environments to 
determine the number concentration and mean size of sub-300 nm aerosol particles, com
plementing existing portable optical particle counters that are already employed onboard 
aerial systems.
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1. Introduction

Aerosol particles in the atmospheric environment affect 
the local, regional and global climate (IPCC 2013; 
Seinfeld et al. 2016), and have adverse impacts upon 
human health (Schwartz and Neas 2000; WHO 2000; 
Atkinson et al. 2015). Measuring their concentration 
and probing their physicochemical properties, both in 
indoor and outdoor environments, is therefore of high 
importance for assessing their environmental and 
health impacts, and subsequently for setting and opti
mizing strategies for their mitigation. For indoor air 
quality studies, typically a suite of aerosol instruments 
is employed for probing the properties of indoor aero
sol particles (Asbach, Clavaguera, and Todea 2015; 
Lowther et al. 2019), and for assessing exposure and 

potential associated health impacts of occupants 
(Morawska et al. 2013; Morawska et al. 2017). In the 
outdoor environment, networks of ground-level obser
vational stations (e.g., the Aerosols, Clouds and Trace 
gases Research Infrastructure; ACTRIS; Pappalardo 
2018; ACTRIS 2023), equipped with a wide range of 
laboratory-grade aerosol instruments, are employed to 
probe the physicochemical properties of atmospheric 
aerosol particles for studying their impacts on climate 
and human health. While valuable information can be 
obtained by laboratory-grade instruments, their use is 
often prohibited by their limited portability, their rela
tively high installation and operational costs, and the 
fact that they require stable conditions (i.e., tempera
ture-controlled rooms) to operate.
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Efforts over the recent years have been devoted to 
make aerosol instruments more compact and less 
expensive, in order to 1. deploy them in big numbers 
within dense observational networks that can provide 
measurements of high spatial resolution (Kumar 
et al. 2015; Barmpounis et al. 2016; Tanzer et al. 
2019; S�a et al. 2022), and 2. use them on mobile plat
forms or as personal monitoring systems (Koehler 
and Peters 2015; Wang et al. 2019). Achieving these 
goals comes at the expense that compact and cost- 
effective instruments typically exhibit inferior per
formance in terms of accuracy, detection thresholds 
and measuring range compared to their bench-type/ 
laboratory-grade counterparts. Despite that, however, 
they comprise the only realistic choice for use 
onboard lightweight mobile platforms, such as 
Unmanned Aerial Systems (UASs), for determining 
vertical profiles of certain parameters of the atmos
pheric aerosol as they have significant advantages 
over manned research aircraft (Villa et al. 2016; 
Lambey and Prasad 2021; Kezoudi et al. 2021). We 
should note here that UASs do not have enclosed 
pressure and temperature regulated compartments as 
the manned aerial vehicles, and thus the performance 
of the instruments they carry has to be verified 
under different pressure and temperature conditions.

Lightweight Optical Particle Counters (OPCs), 
tested at reduced pressure and temperature conditions 
(e.g., Bezantakos, Schmidt-Ott, and Biskos 2018), are 
commonly employed onboard UASs for counting and 
sizing airborne particles having diameters larger than 
ca. 300 nm (e.g., Kezoudi et al. 2021). Smaller particles 
can be detected and counted by Condensation Particle 
Counters (CPCs; Agarwal and Sem 1980), but infor
mation on their size is lost as the sampled particles 
have to be grown to the micrometer range by conden
sation in order to be detected and counted. To this 
end, we have recently tested the performance of the 
portable TSI Model 3007 CPC (TSI Inc., Shoreview, 
MN, USA) at reduced pressure and temperature con
ditions (Bezantakos and Biskos 2022), which has 
already been used onboard UASs (e.g., Lampert et al. 
2020; Brus et al. 2021) for measuring the number con
centration of sub-micrometer aerosol particles at 
higher altitudes.

To determine the size and number concentration of 
sub-300 nm aerosol particles at higher altitudes with 
UASs, thus complementing observations conducted 
already with OPCs, portable instruments relying on 
unipolar diffusion charging and subsequent measure
ment of the current induced by the charged aerosol 
particles, offer great opportunities. One of the first 

lightweight and portable instruments based on this 
principle is the miniaturised diffusion size classifier 
(DISCmini; Testo North America, West Chester, USA), 
introduced by Fierz et al. (2008, 2011). The concept 
was further developed by Fierz et al. (2014), who intro
duced an instrument (referred to as Partector; Naneos 
Particle Solutions GmbH, Windisch, Switzerland) that 
employs a pulsating corona charger and an open-path 
(i.e., without a particle filter) Faraday cage aerosol elec
trometer. In this manner, the Partector is capable of 
measuring an oscillating current, which is induced 
when packets of charged and uncharged aerosol par
ticles pass through the open-path Faraday cage elec
trometer (cf. Fierz et al. 2014, and Fierz et al. 2015 for 
more details). This instrument offers significant advan
tages over the DISCmini, including less frequent main
tenance, due to the fact that particle counting by the 
open-path electrometer is contactless, avoiding particle 
deposition on a filter, which also allows for additional 
measurements to be conducted downstream the device 
if necessary. In addition, due to its open-path design 
and mode of operation driven by an oscillating current, 
the electrometer employed in the Partector is not 
affected by environmental conditions (i.e., temperature, 
relative humidity, etc.), or other factors producing off
sets to the signal of filter-equipped Faraday-cage aerosol 
electrometers that need to be “zeroed” periodically. We 
should note here that due to its design and operating 
principle, the Partector produces a signal that is pro
portional to the particle Lung-Deposited Surface Area 
(LSDA), without providing information on the particle 
size and number concentration (Fierz et al. 2014).

The performance of the “DISCmini” and the 
“Partector” has been evaluated by Fierz et al. (2011) 
and Fierz et al. (2014), as well as by a number of inde
pendent research groups (e.g., Asbach et al. 2017; 
Todea et al. 2017) more recently. The consensus from 
these studies is that these instruments have counting 
accuracies within ±30% when sampling neutral and 
polydisperse aerosol particles. Higher deviations are 
observed when sampling particles larger than 400 nm 
(Todea et al. 2017), or when the geometric standard 
deviation of the sampled aerosol particles significantly 
differs from those used for calibration. Deviations have 
also been reported when using conductive silicone tub
ing upstream these instruments, as degassing species 
entering the aerosol sample can affect the composition 
of the ions produced by the corona charger and conse
quently the particle charging efficiency (Asbach et al. 
2016; Asbach et al. 2017). Despite that, the portability 
and ease of operation has enabled a number of personal 
monitoring and indoor/workplace exposure studies 
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using these two instruments (e.g., Geiss, Bianchi, and 
Barrero-Moreno 2016; Lavicoli et al. 2018; Salo et al. 
2021; Khaki, Rio, and Marin 2022). In addition, these 
instruments have also been used onboard UASs for air
borne measurements (Kuuluvainen et al. 2018; Haugen 
et al. 2022), conducted at low (i.e., near ground) alti
tudes, where the temperature and pressure were similar 
to that at ground level.

“Partector 2” (Naneos Particle Solutions GmbH, 
Windisch, Switzerland; referred to as P2 from this 
point onward), is an updated version of Partector in 
the sense that it can provide information on the par
ticle number concentration and average particle diam
eter in addition to the LDSA. To the best of our 
knowledge, the performance of P2, and in general of 
portable instruments using unipolar chargers and 
induced currents, at low temperature and pressure 
conditions encountered at higher altitudes, has not 
been tested yet. In this work we characterize the P2 
under conditions of reduced temperatures and pres
sures that the instrument can encounter when oper
ated at altitudes of up to ca. 3 km above sea level.

2. Methods

2.1. Operating principle of P2

A short description of P2, including its dimensions, is 
included in the online supplementary information (SI, 
(cf. Section S.1). The instrument has a sample flow 
rate of 500 cm3/min, driven by a self-regulated 
internal pump. The P2 uses an open-path electrom
eter, similarly to Partector (Fierz et al. 2014, 2015), 
but in addition this is followed by an electrostatic 
deposition stage and one more open-path electrometer 
in an in-series configuration (cf. Figure 1). In brief, 
the sample flow passes through a unipolar diffusion 
charger, an ion trap, the first open-path Faraday-cage 
aerosol electrometer, the electrostatic precipitator and 
finally through the second aerosol electrometer. The 
charger is operated in a pulsing on-off mode at a fre
quency of 0.5 Hz, thus periodically changing the 

charge state of the sampled aerosol. Excess ions are 
removed by the ion trap, while parcels of charged 
aerosol particles induce oscillating currents as they 
pass through the open-path aerosol electrometers. The 
amplitude of the induced currents is proportional to 
the charge state of the sampled aerosol (Fierz et al. 
2014), which in turn is proportional to the product of 
the number concentration and average charge per par
ticle that depends on their size (cf. Fierz et al. 2014, 
2015 and references therein). The electrostatic precipi
tator between the two aerosol electrometers acts as a 
low pass mobility filter, exhibiting different transmis
sion efficiency for particles of different mobilities. By 
comparing the signal of the second electrometer with 
the signal of the first electrometer, one can determine 
both the concentration and the average particle diam
eter of the sampled particles using the approach 
employed in the DISCmini (Fierz et al. 2011).

2.2. Experimental setup and procedure

The performance of P2 at reduced temperature and 
pressure conditions (i.e., from ca. 22 down to 4�C, 
and from 1013 to 710 hPa, respectively) was assessed 
with polydisperse and monodisperse ammonium sul
fate aerosol particles produced by atomization in two 
different sets of experiments. The experimental config
urations employed in our tests are shown in Figure 2. 
In all experiments the tested P2 was placed within a 
temperature- and pressure-controlled stainless steel 
cylindrical chamber having a diameter of 0.4 m and a 
length of 1.4 m (cf. Bezantakos, Schmidt-Ott, and 
Biskos 2018, for more details). Polydisperse ammo
nium sulfate aerosol particles were produced by an 
aerosol atomizer (TSI Model 3076; TSI Inc., 
Shoreview, MN, USA) operated with particle-free 
compressed air. The particles were then dried by pass
ing them through a silica diffusion dryer (TSI Model 
3062; TSI Inc., Shoreview, MN, USA) and subse
quently charged-neutralized by a soft X-ray source 
(TSI Model 3088; TSI Inc., Shoreview, MN, USA). 

Figure 1. Schematic layout of the P2, including the pulsating corona, the ion trap, the two open-path Faraday cage electrometers, 
and the electrostatic precipitator between them. The first electrometer measures the oscillating current induced by all the charged 
particles, while the second measures the oscillating current induced by charged particles, larger than a threshold size, penetrating 
the electrostatic precipitator.
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One part of the flow was directed to a Scanning 
Mobility Particle Spectrometer (SMPS; Wang and 
Flagan 1990) located outside the environmental cham
ber, and the other to the P2 that was placed in the 
chamber (cf. Figure 2a). The SMPS consisted of a 
long cylindrical DMA, (TSI Model 3081; TSI Inc., 
Shoreview, MN, USA), driven by a classifier (TSI 
3080; TSI Inc., Shoreview, MN, USA), and a water- 
based CPC (TSI Model 3786; TSI Inc., Shoreview, 
MN, USA). The sheath and sample flow rates through 
the DMA were set to 6 and 0.6 lpm, respectively, 
yielding a sheath to aerosol flow ratio of 10:1.

The measurements carried out with the experimental 
setup shown in Figure 2a were employed to determine 
the sizing performance of P2, but not its counting 
accuracy. This is because particle losses in the valve and 
along the tubing bringing the aerosol in the chamber 
are difficult to determine accurately in order to directly 
compare the particle number concentration measured 
by the SMPS (located outside the chamber) with that 
measured by P2 (located in the chamber). To circum
vent this problem, we carried out experiments with 

monodisperse ammonium sulfate aerosol particles hav
ing sizes from 20 to 160 nm, produced by the atomizer 
and size-selected by the DMA of the SMPS. In these 
measurements, we placed an aerosol electrometer (Ioner 
Model EL-5030; RAMEM S.A, Torrej�on de Ardoz, 
Spain) next to P2 within the chamber for direct com
parison of the concentration of particles reported by the 
two instruments, similarly to Hermann and 
Wiedensohler (2001), as shown in Figure 2b. Any effects 
on the sizing performance of P2 caused by changes in 
the pressure and temperature along the experimental 
setup could also be assessed by comparing the average 
particle diameter reported by the instrument to that 
selected by the DMA upstream. In this setup, the DMA 
was operated at a constant voltage and with a sheath 
flow rate fixed at 12 lpm. The sample flow through the 
DMA was adjusted from 0.6 to 1.2 lpm, yielding sheath 
to aerosol flow ratios ranging from 20:1 to 10:1, in order 
to produce aerosols with particle number concentrations 
from a couple of thousand to few tens of thousands 
#/cm3 (depending on the particle size and pressure con
ditions) within the chamber.

Figure 2. Schematic layout showing the main parts of the experimental setups used for assessing the performance of P2 with 
polydisperse (a) and monodisperse (b) ammonium sulfate aerosol particles.
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A second 85Kr-source charge neutralizer (TSI 
Model 3077 A; TSI Inc., Shoreview, MN, USA) was 
placed upstream the P2 within the chamber in order 
to bring the sampled particles to an equilibrium 
charge distribution, with the majority of them being 
neutral. This was necessary considering that the open- 
path electrometers within the P2 produce a signal that 
is sensitive to changes in the charge state of the 
sampled particles, which is also the reason why the 
instrument is calibrated with charge-neutralized par
ticles by the manufacturer. We should note here that 
although the P2, similarly to the DISCmini, is cali
brated with monodisperse aerosol particles, it employs 
a calibration curve calculated for a lognormal size dis
tribution having a geometric standard deviation 
(GSD) of 1.9 (Naneos GmbH, 2024). As a result, 
when the P2 samples monodisperse aerosol particles it 
exhibits systematic biases in both the reported particle 
number concentration and the average particle diam
eter, which do not reflect its performance when sam
pling polydisperse aerosols.

Before any experiment we tested all instruments 
and ensured that they were synchronized. The cham
ber was flushed with aerosol-free air (i.e., HEPA fil
tered) for ca. 20 min prior any experiment, reducing 
the aerosol concentration to <40 #/cm3.

In the experiments with the polydisperse aerosol 
particles, P2 was reporting measurements with a tem
poral resolution of 1 Hz, whereas the scanning time of 
the SMPS was set to 3 min. During these experiments 
the pressure within the chamber was maintained at 
1013 hPa, while the temperature was continuously 
reduced from ca. 22 to ca. 4 �C over a period of 
almost 4 h. Once the lowest temperature was reached, 
the pressure within the chamber was reduced to 811 
and finally to 710 hPa, whereas measurements by both 
instruments (i.e., the P2 and the SMPS) were collected 
for at least 10 min at each pressure setting. In the tests 
using monodisperse aerosol particles, we first “zeroed” 
the reference electrometer immediately after flashing 
the chamber. The signals from the P2 and the refer
ence electrometer were then recorded with a time 
resolution of 1 Hz over a period of ca. 15 min for each 
temperature/pressure combination. Experiments were 
conducted at 22, 15, 10, and 4�C at a pressure of 
1013 hPa, and at three different pressures (i.e., 710, 
861, and 1013 hPa) at room temperature (i.e., at 
22 �C). An additional experiment was conducted at 
conditions of both reduced temperature (i.e., 4 �C) 
and pressure (i.e., 710 hPa). We paid special attention 
to maintaining the relative humidity below 40% in all 
parts of the setup, and especially within the 

temperature/pressure-controlled chamber, at all tested 
conditions in order to ensure that the ammonium sul
fate particles remained dry.

In addition to the instruments described above, a 
Rotronic HC2-05 sensor (Rotronic AG, Bassersdorf, 
Switzerland) and a Sensidyne Gilibrator 2 (Sensidyne, 
St. Petersburg, FL, USA) were used, respectively, to 
monitor the temperature and relative humidity inside 
the chamber, and various flow rates of the experimen
tal setup.

2.3. Data processing

In all our experiments, the P2 measurements were 
recorded and converted to particle concentrations and 
average particle diameters by the latest firmware (ver
sion 222) of the instrument. We should note that 
while P2 reports measurements every 1 s, a moving 
average filter with a time interval of 4 s (i.e., the pre
ceding 3 s were also accounted for) is employed in its 
firmware. During the experiments with the polydis
perse aerosol particles, the measurements were further 
averaged over the duration of each SMPS sample (i.e., 
180 s). The sizing performance of the P2 in this case 
was expressed as the ratio between the average particle 
diameter reported by the instrument and the fitted 
geometric mean diameter (GMD) determined by the 
SMPS measurements, which were inverted by the soft
ware (TSI AIM, version 9c; TSI Inc., Shoreview, MN, 
USA) provided by the manufacturer. In the experi
ments with monodisperse aerosol particles, the count
ing efficiency of P2 was calculated as the ratio of the 
particle number concentration reported by the instru
ment divided by that measured by the reference elec
trometer, whereas its sizing performance as the ratio 
of the reported average particle diameter divided by 
the nominal size of particles selected by the DMA. 
The particle number concentration measured by the 
reference electrometer was determined by dividing the 
measured current by the flow rate through the elec
trometer and the elementary charge (i.e., 1.15 lpm 
and 1.6� 10−19 Cb; cf. section A1 in the SI for add
itional information). We should note that multiply 
charged particles did not have any significant impact 
in the experiments with monodisperse particles, con
sidering the size distributions of the particles pro
duced by the atomizer and their charge distribution 
(cf. section A2 in the SI for more details). Similarly to 
the data processing conducted by the P2 firmware, a 
moving average filter of 4 s was further applied to the 
reference electrometer measurements.

588 S. BEZANTAKOS ET AL.



3. Results and discussion

3.1. Effects of reduced temperatures and pressures

Potential effects on the performance of P2 caused by 
the reduced temperature and pressure conditions used 
in the tests conducted in this work can be understood 
by examining how the performance of the different 
parts of the instruments are affected at different 
conditions.

The first part of the instrument that can be affected 
by the reduced temperature/pressure conditions is its 
pulsating unipolar charger (cf. Section 2.2). Pressure 
affects the electrical mobility of the ions, while tem
perature their mean thermal velocity, which in turn 
both affect their diffusion coefficient and mean free 
path (Baron and Willeke 2001). For instance, a pres
sure reduction of 30% (i.e., similar to exposing the 
instrument to 710 hPa of absolute pressure compared 
to the pressure at sea level) will cause a 30% increase 
in these properties. On the other hand, operating the 
instrument at 4 �C causes a reduction of ca. 3% to the 
mean ionic thermal velocities and mean free path, and 
a reduction of ca. 7% in the ionic diffusion coeffi
cients when compared to the values at standard con
ditions (i.e., 22 �C and 1013 hPa).

The response of the instrument depends on the 
mean number of charges that the particles pick up 
from the corona charger, and specifically on the prop
erties of the ions produced in its charger, which can 
be affected by the operating temperature and, most 
importantly, pressure. To investigate the effects of 
pressure and temperature on the charging efficiency 
and on the mean number of charges picked up by the 
particles passing through the corona charger, we 
employed the birth-and-death model proposed by 
Boisdron and Brock (1970) with combination coeffi
cients calculated by the limiting sphere theory (Fuchs 
1963), as described by Biskos, Reavell, and Collings 
(2005). Based on these calculations, by decreasing the 
temperature to 4 �C and the pressure to 710 hPa, the 
mean charge of the particles, having diameters from 
10 to 300 nm, that undergo unipolar diffusion charg
ing, is increased by less than 3%.

Another part of the instrument that can be affected 
by the operating temperature and pressure, is the elec
trostatic precipitator located between the two open- 
path electrometers (cf. Section 2.2), as a result of 
changes of the electrical mobility of the sampled aero
sol particles assuming that their charged state remains 
unchanged. Pressure affects the mean free path of air, 
while temperature its viscosity, both of which deter
mine the electrical mobility of the particles (Hinds 

1999). Reducing the temperature from 22 to 4 �C 
causes a small increase (ca. 5%) in the electrical 
mobility of the sampled particles ranging in size from 
20 to 160 nm. Similarly, reduction of the pressure 
from 1013 to 710 hPa increases the electrical mobility 
of the particles by 25 to 40%, depending on their size, 
with the smaller particles being affected more 
significantly.

Taken together, the performance of the corona charger 
is not significantly altered at the reduced temperature and 
pressure conditions tested here, but any potential effects 
on the operating principle of the instrument would be 
associated with changes in the performance of the electro
static precipitator stage, which is related to the depend
ence of the particle electrical mobility on temperature 
and pressure. These effects, together with relevant correc
tions applied to the flow measuring system used to com
pensate for changes of the environmental conditions, 
were taken into account by the manufacturer in firmware 
versions above version 195, including the one (version 
222) used in the system we tested here (personal commu
nication with Naneos Particle Solutions Gmbh). With 
these upgrades, the manufacturer aimed in maintaining 
the accuracy of P2 within ±30%, even when the instru
ment is subjected to reduced pressures and temperatures.

3.2. Experiments with polydisperse aerosol 
particles

The sizing performance of P2, when sampling polydis
perese aerosol particles, at 1013 hPa pressure and at 
temperatures ranging from ca. 22 to 4 �C, as well as at 
a combination of reduced temperature and lower than 
atmospheric pressures (i.e., 4 �C and 811 or 710 hPa), 
is shown in Figure 3. The polydisperse aerosol par
ticles had an average GMD of ca. 80 nm (ranging 
from ca. 70 to 100 nm) and an average GSD of 1.61 
(ranging between 1.56 and 1.76) as determined by the 
SMPS measurements (cf. Figure S2 in the SI for a typ
ical example of these measurements). Our observa
tions showed that the average particle diameters 
reported by P2 were not affected by reducing the tem
perature. Even without any compensation from the 
firmware of the instrument, this is expected by the 
insignificant temperature-related changes of the 
deposition efficiency of the sampled aerosol particles 
in its electrostatic precipitator (cf. section 3.1). At 
reduced pressures and temperatures, P2 exhibited a 
small decreasing trend in its sizing efficiency, report
ing average particle diameters that were ca. 10 and 
20% less than the GMDs determined from the SMPS 
measurements at 811 and 710 hPa, respectively. Such 
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deviations are, however, well within the accuracy 
reported by the manufacturer, and demonstrate that 
the pressure compensation included in the firmware 
of the instrument is capable of maintaining its accur
acy even at these conditions. As discussed above, the 
counting efficiency of P2 was not assessed in this set 
of measurements because the SMPS and the P2 
sampled the test aerosol outside and inside the cham
ber, respectively, where the concentrations of the par
ticles are different due to losses within the tubes and 
the valves that were hard to quantify.

3.3. Experiments with monodisperse aerosol 
particles

Figure 4 shows the counting and sizing efficiency of P2 
when measuring monodisperse ammonium sulfate 
aerosol particles having nominal sizes from 20 to 
160 nm at the lowest experimental temperature and 
pressure conditions (i.e., 4 �C temperature and 710 hPa 
pressure), normalized by the respective counting and 
sizing efficiency determined under normal conditions, 
i.e., at 22 �C and 1013 hPa. We should note here that 
the counting and sizing efficiency of P2 when sampling 

monodisperse aerosol particles do not reflect its per
formance when sampling particles in ambient air 
because the instrument is calibrated with polydisperse 
laboratory-generated aerosols (cf. Section 2) that mimic 
those commonly observed in the atmospheric environ
ment. Nevertheless, the use of monodisperse aerosol 
particles downstream the DMA enables using an elec
trometer within the environmental chamber, which can 
serve as a reference instrument for the particle number 
concentration in our experiments given that its count
ing efficiency is not affected by the test conditions. This 
is in contrast to CPCs whose performance is affected 
by temperature and pressure conditions, such as the 
TSI 3007 CPC that is compact enough to be used in 
the chamber we employed, but has a counting effi
ciency that is affected by temperature (Bezantakos and 
Biskos 2022).

The counting efficiency of the P2 when exposed to 
reduced temperature and pressure conditions shows small 
deviations from that at standard conditions (i.e., 22 �C 
temperature and 1013 hPa pressure) that are lower than 
25% for all the sizes of the tested particles (cf. Figure 4a). 
These variations are more pronounced for the smallest 
and largest monodisperse aerosol particles (i.e., particles 
having sizes of 20 and 160 nm), for which the concentra
tions are, respectively, overestimated and underestimated. 
Reducing both pressure and temperature to 4 �C and 
710 hPa, respectively, affects the sizing efficiency of P2 at 
a lesser extend; i.e., within less than 15% on average as 
shown in Figure 4b. However, such deviations are not 
considered substantial as the nominal accuracy of the P2 
is ±30% at normal pressure and temperature conditions, 
according to the manufacturer. Maintaining the accuracy 
of the instrument within the same range at reduced pres
sure and temperature conditions, shows that the inversion 
algorithm effectively compensates for such changes. The 
actual (i.e., not normalized) performance of P2 when 
sampling monodisperse aerosols at standard and reduced 
pressure/temperature conditions remains rather 
unaffected (cf. Figure S1 in the SI). The discrepancies 
between the reported number concentrations and average 
particle diameters between the P2 and the reference 
instruments, which results in size dependent deviations in 
its counting and sizing performance (cf. Figure S3 in the 
SI), are the result of the monodispersity of the sampled 
aerosols, i.e., something that the instrument is not 
designed to comply with.

4. Conclusions

We have carried out experiments to determine the 
performance of the Naneos P2 when operated under 

Figure 3. Sizing performance of the P2 when sampling poly
disperse ammonium sulfate aerosol particles at temperatures 
ranging from ca. 4 to 22 �C and 1013 hPa of pressure (circle 
symbols with color denoting temperature), as well as at pres
sures of 811 (star symbols) and 710 (square symbols) hPa at 
the lowest temperature (i.e., 4 �C) used in our experiments. 
The x axis represents the geometric mean diameter (GMD) of 
the sampled aerosol particles determined by the SMPS meas
urements, which was located outside the chamber at room 
temperature. The sizing efficiency (shown in the y axis) is 
determined as the ratio between the average particle diameter 
reported by the P2 and the GMD derived by the SMPS meas
urements. We should note that each point corresponds to one 
SMPS measurement (carried out over 180 s), thus correspond
ing to 180 measurements recorded by the P2.
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lower than standard pressure and temperature condi
tions (i.e., from 710 to 1013 hPa, and from ca. 4 to ca. 
22 �C, respectively). Such conditions can affect the 
response of the instrument by changing the charging 
efficiency of the sampled particles and their deposition 
efficiency on its electrostatic precipitator. The updated 
inversion algorithm embedded in the firmware (ver
sions 195 and above) of the instrument, compensates 
for the effects of reduced temperature and most 
importantly pressure. The results show that the meas
urements reported by the instrument are not substan
tially affected by the environmental conditions tested 
here, being always within the accuracy limits reported 
by the manufacturer; i.e., within less than ±30%. 
Reduced temperatures alone had no effect on the per
formance of the instrument. Considering the operat
ing principles of the instrument and the results 
reported here, we can safely say that P2 can be 
employed for measurements at temperatures even 
lower than the 4 �C that we tested here. On the other 
hand, by reducing the pressure to 710 hPa, the instru
ment underestimated the average diameter of the 
sampled particles by less than 20% compared to meas
urements by the SMPS. Such a deviation, however, 
falls within the accuracy threshold reported by the 
manufacturer. Further tests would be necessary to test 
the performance of the instrument at pressures below 
710 hPa, which correspond to altitudes higher than ca. 
3 km above sea level. That said, and considering that 
the majority of aerial observations with UASs are con
ducted at altitudes lower than 3 km, the P2 can be 
employed for effectively measuring vertical profiles of 
the mean concentration of size of airborne nanopar
ticles. This conclusion complements findings from 

previous tests of the Naneos P2, expanding its applic
ability for outdoor measurements encountered at ele
vated altitudes, such as those reached by UASs.
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