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INTRODUCTION

The ability of submicron aerosol particles to absorb water can, to a large extent, influence
their physical and chemical properties. On the other hand, these particies serve as condensation
nuclei for cloud formation and thus also the resulting cloud properties depend on the chemical
composition as well as on the size distribution of aerosol particles. Furthermore, the deposition
pattern of aerosol particles in the human respiratory tract may significantly change with changing
size of aeroso! particles, and therefore depends also on hygroscopic properties of aerosol particles.
Moreover, the hygroscopicity of aeroso! particles affects the amount of light scattered by the aerosol
particles and changes their chemical reactivity. Thus the hygroscopic properties of atmospheric
aerosols are of major importance affecting the life cycle of the aerosol and the direct and indirect
effects of aerosols on climate (Swietlicki et al., 2008).

The hygroscopic growth of aerosol particles can be studied in a great detail using the HTDMA
systems (Hygroscopic Tandem Differential Mobility Analyser), a system used for a long time
(Sekigawa, 1983). Generally, these on-line spectrometers are suitable mainly for long time
measurements at background sites or at sites with slow and/or small changes in chemical
composition and size distribution of the atmospheric aeroso! (Fors et al., 2011).

This work describes the design of the LACP HTDMA and some of the results obtained during
long time measurement at Kodetice background station {Czech Republic), where it was deployed
within the frame of two EU projects (EUSAAR and EUCAARI). The measurement campaign lasted from
May 2008 until September 2009 with smaller or larger gaps in the data coverage.

EXPERIMENTAL SETUP

Generally, the HTDMA system measures the growth factor of aerosol particles or in other
words the ratio between the diameter of particle under certain humidity and the ,dry” diameter of
the same particle, so called growth factor. In order to perform such a measurement, the HTDMA first
lowers the RH of sampled ambient aeroso! down to about <20%. The particles having low RH then
pass through the first DMA, where the selected monodisperse fraction of the aerosol sample is cut.
This narrow fraction of aeroso! then undergoes humidification (usually at 90% RH) and continues to
the second DMA (connected to CPC), where the resulting particle size distribution of humidified
sample is measured.

The HTDMA system described here was built in the Laboratory of Aerosol Chemistry and
Physics (LACP), ICPF, AS CR (Ondradek et al., 2008). This system is the first and the only one HTDMA
system in the Czech Republic.

The LACP HTDMA is based on two Vienna type DMAs built in the workshop of ICPF (see
Fig. 1). The temperature in both compartments of the two DMAs was kept constant by using PID
controlled Peltier elements. CPC 3772 (Condensation Particle Counter, TSI) was used to count the
number of aerosol particles coming from second DMA and thus giving the information about
resulting particle number size distribution.

79




The most important component of HTDMA system is the part, which allows the particles to
reach the desired humidity. The RH conditioning system as well as the drying system in the LACP
HTDMA is based on the set of Nafion driers and humidifiers. The aerosol sample reaches the desired
humidity using the Nafion humidity exchanger. The conditioning {purge) clean air of the Nafion
humidity exchanger comes up from the automatic valve system controlled with PID controller. The
valve system controls and combines the amount of the dried and the humidified clean air coming
from the lines equipped with Nafion dryer and Nafion humidifier, respectively.

The whole HTDMA system was controlled by a LabVIEW program developed in LACP (based
on SMPS code from Lund’s University).
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Fig. 1: LACP HTDMA setup.

RESULTS AND DISCUSSION

The LACP HTDMA was deployed at KoSetice background station from beginning of May 2008
till the end of September 2009 within the frame of EUSAAR project. The instrument was in operation
during the whole period with some gaps measuring 7 different dry particle size diameters between
22 nm and 225 nm, One scan for each particle size takes 10 minutes {up and down scan) and 20
seconds {changing the particle size), thus the time resolution for the whole size range is 1 hour,
12 minutes and 20 seconds. The resulting data from the LACP HTDMA system were analyzed using
the HTDMA inversion toolkit provided by M. Gysel (Gysel et al., 2009).

During the long time measurement campaign of HTDMA at Kosetice background station
several hardware and software problems occurred causing the gaps in the data coverage (see Fig. 2).
Nevertheless, the data coverage during the whole period was high enough to allow the evaluation of
the hygroscopic properties of background aerosol particles in the Czech Republic. The issues with the
HTDMA system included damages of several electrical components as well as broken pumps, etc.
The LACP HTDMA system did not follow the EUSAAR recommended sizes of aerosol particles selected
in the first DMA {25, 35, 50, 75, 110, 165, 265 nm). The deviation was caused by incorrect effective

80




<oro

e

sy £ £

lengths of both DMAs implemented in the measurement code, resulting in the sizes of dry particles
as follows: 22, 31, 44, 66, 96, 142, 225 nm. Nevertheless, the sizing was recalculated to account for
these wrong settings, so the resulting data has just shifted the size of selected monodisperse fraction
and did not change the resulting hygroscopic properties of aerosol particles. Another challenging task
arrised during the long time operation of the HTDMA system. The low RH (<20%) of sampled aerosol
was not met in majority of the cases due to issues accompanying the inlet drying system. However,
for most of the measured data it does not change the resulting growth factors dramatically.
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Fig. 2: Data coverage for measured period.

The resulting data are presented as a growth factor calculated for individuat dry sizes
of sampled ambient atmospheric aerosol particles. Fig. 3 shows the probability density function
of the growth factor of the individual dry sizes averaged for the whole measurement period. It can be
seen that the amount of water uptaken by particles is increasing with increasing size of the dry
aerosol particies. Such behavior corresponds most probably to the higher content of inorganic salts
in larger particles. Moreover, the particles in the size range above 100 nm represent usually aged
aerosol having more oxidized surface, which leads to higher hygroscopicity of these particles.
The smaller particles have the average growth factors close to 1, which means that they don’t absorb
50 much water vapors.

The averaged diurnal variation of growth factor does not exhibit any significant trend
{see Fig. 4). The growth factor depends again only on the particle size, having increasing trend with
increasing size of the particles.

The monthly averaged growth facors for individual dry particle sizes (see Fig. 5) show the gap
in the data during the early spring of 2009, caused by the malfunctioning HTDMA system.
The seasonal variation for alt the particle sizes display increasing hygroscopicity of aerosol particles
during the spring season. Even though the increase is discontinued because of the malfunctioning
HTDMA, the content of inorganic salts (mainly sulphates and nitrates) was increased during
the spring season, resulting in higher hygroscopicity of aerosol particles. The chemical composition
of aeroso! particles was based on the chemical analysis of PM2.5 samples taken on filters, parallel
to HTDMA system, during the same sampling period {Schwarz, 2011}. '
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Fig. 3: Average GF-PDF for the complete data set, for each dry size.
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Fig. 4: Diurnal variation of average GF for the complete data set and each dry size (1 hour resclution).
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CONCLUSIONS

This work shows the resuits of the first measurement tampaign dealing with measurements
of atmospheric aerosol hygroscopicity using the HTDMA system in the Czech Republic.
The instrument presented within this wark represents the first generation of LACP HTDMA, thus

generation of LACP HTDMA is now being buiit.
The dry sizes measured by the LACP HTDMA don't correspond to values recommended by

real measured values, The EUSAAR recommendation regarding the maximum acceptable RH in DMA1
{(20%) was unfortunately not met in our case in majority of the measurement period. The data were
evaluated with RH limitations set to <30% for DMAZL and in the range of 88-92% for DMAZ,

Generally, the results show the increasing water uptake with increasing size of aerosoi
particles. This is most probably caused by increasing content of hydrophilic inorganic salts in larger
particies. Furthermore, the particles in accumulation mode are more aged and thus their surface is
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