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Abstract. Smog chamber experiments using ambient air as
a starting point can improve our understanding of the evolu-
tion of atmospheric particulate matter at timescales longer
than those achieved by traditional laboratory experiments.
These types of studies can take place under more realistic
environmental conditions addressing the interactions among
multiple pollutants. The use of two identical smog chambers,
with the first serving as the baseline chamber and the second
as the perturbation chamber (in which addition or removal
of pollutants, addition of oxidants, change in the relative hu-
midity, etc.), can facilitate the interpretation of the results in
such inherently complex experiments. The differences of the
measurements in the two chambers can be used as the basis
for the analysis of the corresponding chemical or physical
processes of ambient air.

A portable dual-smog-chamber system was developed
using two identical pillow-shaped smog chambers (1.5m?
each). The two chambers are surrounded by UV lamps in
a hexagonal arrangement yielding a total Jno, of 0.1 min~!.
The system can be easily disassembled and transported, en-
abling the study of various atmospheric environments. More-
over, it can be used with natural sunlight. The results of test
experiments using ambient air as the starting point are dis-
cussed as examples of applications of this system.

1 Introduction

Teflon reactors, known as smog or atmospheric simulation
chambers, have been valuable research tools for the study of
the complex chemical interactions that take place in the at-

mosphere. Studies using such reactors date back to the 1950s
(Finlayson and Pitts, 1976). The use of these chambers elim-
inates many of the uncertainties resulting from the analy-
sis of ambient observations where several variables, such as
weather conditions, pollutant emission rates, dilution, and
transport, all contribute to the observed changes (Kim et al.,
2009). Typically, these reactors are made of Teflon, though
there are some chambers that are made of metal or glass
(Cocker et al., 2001a; Paulsen et al., 2005; Kim et al., 2009).
The volume of these chambers varies from a few hundred
liters up to hundreds of cubic meters, with the larger config-
urations having lower surface-to-volume ratio, thus minimiz-
ing the wall effects (Cocker et al., 2001a).

Chambers are placed either indoors or outdoors with the
former having the advantage of a well-controlled environ-
ment with constant temperature, light intensity, etc. and the
latter being able to use natural sunlight (Laity, 1971; Jeffries
et al., 1976; Leone et al., 1985; Carter et al., 2005). For the
indoor chambers, a variety of UV light sources can be used
including black light lamps (Laity, 1971), xenon, and argon
arc lamps (Warren et al., 2008). The Jno, in indoor atmo-
spheric simulation chambers covers a wide range from zero
(several metal chambers do not have lights) to as much as
around 1 min~! (Kim et al., 2009). Some chamber facilities
include two identical smog chambers in order to use the first
chamber as a reference (Kim et al., 2009). This practice can
enhance the quality of the results since numerous variables
can have an effect on the outcome of each experiment.

Different groups around the world have conducted thou-
sands of smog chamber experiments in order to simulate
the behavior of pollutants in ambient air. These smog cham-
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bers have been used to study, for example, secondary organic
aerosol and its dependence on temperature, relative humid-
ity, UV intensity, NO, levels, etc. (Cocker et al., 2001b;
Halquist et al., 2009; Tritscher et al., 2011). Other stud-
ies have focused on the characterization and evolution of
primary emissions from selected sources (Weitkamp et al.,
2007; Kostenidou et al., 2013; Platt et al., 2013).

There have been a number of studies that used ambient air
as the starting point of the experiment. Roberts and Friedlan-
der (1976) added SO,, 1-heptene, and NO, to a 96 m? out-
door chamber filled with ambient air to study the aerosol for-
mation. Heisler and Friedlander (1977) used ambient air to
fill an outdoor 80 m? Teflon chamber to study the growth rate
of the particles. Pitts et al. (1977) concluded that the addition
of N, N’-diethylhydroxylamine in ambient air enhances the
formation of ozone, peroxyacetyl nitrate, and light-scattering
particles. Kelly (1987) used a 0.5 m? chamber to investigate
the HNO3 formation in ambient air. Kelly and Gunst (1990)
studied the ozone dependence on hydrocarbons and nitro-
gen oxide using ambient air. Lee et al. (2010) investigated
the correlations between light intensity and ozone formation
for ambient air in Seoul. The potential organic aerosol (OA)
enhancement or sink due to aging of ambient air has been
also studied in the field by the use of oxidation flow reac-
tors (OFRs) in various ambient environments (Tkacik et al.,
2014; Ortega et al., 2016). The OFR uses high OH levels,
thus simulating atmospheric oxidation on timescales of sev-
eral days to weeks. Conversely, typical experiments in atmo-
spheric simulation chambers take place at close to ambient
OH levels and simulate hours to a few days of aging.

There have been a few efforts to use portable smog cham-
ber facilities for different applications. For example, Shibuya
and Nagashima (1981) used a portable 4.5 m?® smog chamber,
installed in a vehicle, to study the ozone formation in ambi-
ent air. Hennigan et al. (2011) and Stockwell et al. (2014)
developed portable twin-chamber systems with UV lights to
monitor the aging of combustion emissions. A portable smog
chamber facility was also developed by Platt et al. (2013) fea-
turing a 9 m> Teflon reactor that can be mounted on a trailer.

The interactions of the walls of the chamber with the pol-
lutants inside it represent a major experimental challenge
and have been the topic of several studies. Gas-phase pollu-
tants (e.g., ozone) are lost to the walls and increased relative
humidity tends to increase the decay rates measured (Aki-
moto et al., 1979). The walls can also serve as a source of
OH mainly outgassing nitrous acid (HONO) (Jeffries et al.,
1976; Akimoto et al., 1979; Carter et al., 1982; Sakamaki
et al., 1983; Pitts et al., 1984; Jenkin et al., 1988; Glasson
and Dunker, 1989; Killus and Whitten, 1990; Finlayson-Pitts
et al., 2003). In most cases OH production increases with
temperature, humidity, and NO; concentration (Sakamaki et
al., 1983; Pitts et al., 1984; Kleffmann et al., 1998; Svensson
et al., 1987; Jenkin et al., 1988). Akimoto et al. (1987) and
Sakamaki and Akimoto (1988) reported higher HONO con-
centrations at higher light intensity. Auxiliary mechanisms
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have been developed to describe the background reactivity
of smog chambers (Bloss et al., 2005; Carter et al., 2005;
Hynes et al., 2005; Rohrer et al., 2005; Metzger et al., 2008;
Wang et al., 2011, 2014). In these mechanisms, the role of
the chamber walls as sinks and sources of gas-phase pollu-
tants is parameterized and these reactions are added to the
actual gas-phase chemistry model used to interpret the mea-
surements in the chamber.

Typically, smog chamber experiments isolate a pollutant
or a mixture of pollutants emitted by a source and focus on
its chemistry. In most cases, clean air is used as the start-
ing point of the experiment. While the corresponding results
are clearly valuable, these experiments might miss the poten-
tially important interactions of the examined chemical sys-
tem with other pollutants existing in ambient air. To close
this major gap between the laboratory studies and the ambi-
ent atmosphere, a portable dual-smog-chamber system with
UV lights is designed and tested in this study. The chamber
has been developed to use ambient air rather than clean air
as its starting point. Having the advantage of being portable
enhances the opportunities to study several environmental
scenarios and simulate the processes occurring in previously
out-of-reach chemical regimes (e.g., very aged air masses).
The preliminary tests of the operation of this system are pre-
sented.

2 Design of the dual-smog-chamber system
2.1 Smog chambers

Relatively small Teflon reactors were selected for this sys-
tem so that they can be filled in a matter of minutes, while
having a volume adequate to support a 4 h batch experiment,
losing less than a third of their volume based on the standard
instrumentation sampling flow rates. A set of two identical
smog chambers was constructed from Teflon (PTFE) film
(DuPont PTFE 2mil, 0.5m wide; 1mil=25.4um). Each
chamber has a nominal volume of 1.5 m>. The two chambers
are pillow-shaped and are permanently mounted on a metal
frames (Fig. 1a). The relatively small volume of the cham-
bers along with the fixed frame enables their easy and safe
transport without having to disassemble them or to remove
the sampling ports. Relative humidity (RH) and temperature
sensors are also fixed on the chambers. The frame dimen-
sions are 1.7m x 0.5m x 1.7 m. Two sampling ports (one per
chamber) with multiple lines and a temperature and RH sen-
sor were installed on the reactors.

We constructed the chambers in our laboratory in Patras.
The reactors were thoroughly cleaned and conditioned before
the first characterization experiment. The cleaning procedure
involved first introduction of high O3z concentrations with
the UV lights on and heating to approximately 50 °C. Clean
air was then passed through the chambers for several hours.
Blank experiments were performed periodically in both the
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Figure 1. Pictures of the portable dual-chamber system: (a) the dual
chambers; (b) UV light assembly; (c) field deployment during the
FAME 16 study; (d) system configuration with the UV lights on and
the top cover open.

lab (during the characterization phase) and the field. The par-
ticle wall losses are measured after each field experiment. We
did not observe any evolution of the wall chemical behavior
in these initial tests.

Sampling is alternated between the two chambers every
3min by an automated three-way valve synchronized with
the operation of the corresponding instrumentation. This al-
lows a total duration of the experiments of more than 4h
without the addition of makeup air. In order to eliminate in-
terferences and memory effects due to this periodical alter-
ation of the sampling lines, adequate time (30s) is allowed
within the 3 min sampling cycle for the lines to be flushed
with the sample air from the next chamber. This is achieved
by synchronizing the line flushing with the measuring instru-
mentation and discarding the data collected during this 30's
period.

2.2 Portable UV lighting system

A hemispheric design was selected with sixty 36 W UV light
lamps (Osram, L36W/73) in a hexagonal arrangement. The
lamps were mounted on five metal frames (12 per frame)
creating five substructures (Fig. 1b) that can be easily disas-
sembled and transported. Once assembled the UV light sup-
port structure had a footprint of 4.5m x 4.5m and a height
of 2.5m. Figure 1b shows the UV light assembly without
the covering material. Flexible tent poles were used to cre-
ate a dome that can be partially or fully covered protecting
the chambers from the weather elements (Fig. 1c and d). The
sixth side does not include lights and is used as an entrance
for chamber maintenance. The lights can be remotely oper-
ated at 20 %, 40 %, 60 %, 80 %, and 100 % levels. The light
fixtures include aluminum mirrors in order to direct the light
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towards the center of the dome, thus maximizing the light in-
tensity delivered to the chambers. When all lights are on, the
corresponding Jno, is 0.1 min~!. The spectrum of the lights
peaks in the 350-400 nm region (Fig. S1 in the Supplement).
The two chambers are placed inside this dome having at least
a 0.5 m clearance from the UV lights when full. This design
also allows the use of a single 10m® chamber if so desired.

2.3 Subsystems

A dual-head metal bellows pump (model MB-602) is used to
fill the chambers with ambient air delivering 80 L min~! per
pump head. Both chambers can be filled in around 20 min.
Manual two-way valves were installed prior to the cham-
ber inlets for isolation and selective filling purposes. Prior to
any experiment with ambient air, both chambers are flushed
with ambient air with the metal bellows pump until the NO,
and Oj3 levels matched the ambient concentrations. To ensure
chamber similarity the chambers are used alternatively in ex-
periments as a perturbation/reference chamber.

If required clean particle-free air can be introduced in
the chambers. Dry air is generated by an oilless compressor
(Bambi VT200D) and further purified by activated carbon
(carbon cap, Whatman), HEPA filters (HEPA capsule, Pall),
and silica gel (silica gel rubin, Sigma-Aldrich). The compres-
sor and air cleaning system are not used for the actual ex-
periments. In these experiments the chambers are filled with
ambient air without the use of cleaning devices. The com-
pressor and cleaning system are used for the cleaning of the
chambers between experiments and for blank or other cham-
ber characterization experiments. Typically, the concentra-
tions of ozone, NO,, and larger volatile organic compounds
(VOCs) are below or close to the detection limit in the cham-
bers when they are filled with clean air from our system.
The scrubbers were replaced regularly and the residence time
inside them was kept as high as possible (maintaining the
corresponding flow rates as low as possible). The concentra-
tions of some of the small oxygenated VOCs such as acetone,
acetic acid, and methanol were slightly elevated compared to
the cylinder zero air.

A subunit including the above systems (except for the fill-
ing pump and the compressor) was added to one of the metal
frames of the system. This subunit also includes a syringe
pump, an atomizer (TSI model 3076), and a silica gel dif-
fusion drier (silica gel rubin, Sigma-Aldrich) for seed gen-
eration. Additionally, a bubbler subsystem for HONO intro-
duction and an ozone generator (Azcozon, model HTU-500)
were used. The concentration of OH when HONO was added
was estimated in all experiments by the decay of d-butanol
over time. The estimated levels of added HONO were of the
order of 100 ppb. Two temperature and RH sensors (Omega,
model RH-USB) and a personal computer with LabVIEW
control for the sampling selection valve are also part of this
system.
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2.4 Instrumentation

The set of instruments selected for the use with the chamber
system include a high-resolution time-of-flight mass spec-
trometer (HR-ToF-AMS, Aerodyne Research Inc.), a proton-
transfer-reaction mass spectrometer (PTR-MS, Ionicon An-
alytik), a scanning mobility particle sizer (SMPS, classifier
model 3080, DMA model 3081, CPC model 3787, TSI),
an ozone monitor (API Teledyne, model 400E), and a NO,
monitor (API Teledyne, model T201). These instruments are
located inside the FORTH mobile laboratory (Fig. 1c) next
to the chambers. Details on the instrumentation used can be
found elsewhere (Kostenidou et al., 2013; Kaltsonoudis et
al., 2017). With this configuration, a total sampling flow rate
of 2.5-3 L min~! is used that removes less than 0.1 m? from
each chamber per hour.

2.5 Experimental procedure

The instrumentation is first used to characterize the ambi-
ent conditions for at least a couple of hours. After filling of
the chambers is completed, sampling is switched from am-
bient measurements to the chambers and an initial character-
ization of the sampled air inside the chambers takes place.
Then a perturbation (addition of oxidant or pollutant) is im-
plemented in one of the chambers, while the other is used
as a reference. Following the completion of the experiment,
ammonium sulfate seeds are introduced into both chambers
to measure their loss rate on the walls over time. In this step,
the chambers may be refilled with particle-free air. This last
stage is used to quantify the particle-size-dependent wall loss
rate constants in order to make corrections to the rest of the
measurements. Finally, the instrumentation is switched back
to ambient observations and the chambers are flushed with
either ambient air and/or clean air in preparation for the next
experiment.

3 System evaluation

The system was developed and evaluated in Patras, Greece,
and also during the Finokalia Aerosol Measurement Exper-
iment (FAME 16) campaign. Finokalia is a remote site in
Crete, Greece (Kouvarakis et al., 2000). The field campaign
took place during May—June 2016. Additional tests aimed
at improving the performance of the setup were performed
indoors at Carnegie Mellon University in Pittsburgh, United
States. The present work is based on the results of 51 cham-
ber characterization experiments and seven field test experi-
ments. The characterization experiments include 15 blank or
contamination-related experiments, 14 experiments charac-
terizing wall losses, six experiments quantifying the ambient
air sampling efficiency, three experiments for the measure-
ment of Jxo,, nine experiments related to RH and UV vari-
ations, and four VOC loss experiments. The list of these ex-
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Figure 2. Total particle number concentrations as a function of time
when the chambers were filled with clear air in the field for leak
check of the chambers.

periments and some additional information can be found in
Table S1 in the Supplement.

3.1 Contamination tests

Tests were conducted in the field in order to assess the po-
tential contamination of the chambers by ambient air. The
chambers were filled with clean (particle free) air and the
particle concentration inside the chambers was monitored
by an SMPS. Figure 2 shows the total number concentra-
tions in the two chambers. The particle number concentra-
tions remained below 10 cm™ in both chambers for several
hours. The aerosol mass concentration (not shown) was less
than 0.01 ugm~3. This suggests that clean conditions can be
maintained for both chambers for the duration of a typical
field experiment.

3.2 Chamber similarity

Similar results should be obtained when identical experi-
ments take place in the two chambers in order to safely use
one of them as reference. To establish this, ambient air was
introduced in both chambers and the evolution of the con-
centrations and composition of the particulate matter and gas
pollutants was measured. An SMPS measured the size distri-
bution and an AMS the particulate composition. The mea-
sured chamber and ambient mass concentrations (Fig. 3a)
and the AMS spectra (Fig. 3c and d) were in good agreement
between the two chambers and the ambient air. The particle
mass concentration in the chambers was approximately 85 %
of the ambient levels. The theta angle (Kostenidou et al.,
2009) between the organic aerosol spectra in the two cham-
bers and the ambient air was in the range of 2.5-6°, suggest-
ing that identical results can be obtained when filling these
chambers with ambient air and that the filling process does
not contaminate the air sample. The theta angle is a measure
of the similarity of the OA spectra (similar to the often used
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error bar represents 1 standard deviation). (¢) Average aerosol mass spectra of chamber 1 and chamber 2 filled with ambient air. (d) Average

aerosol mass spectra of ambient air and chamber 1.

R?). Each mass spectrum is treated as a vector (each m /z is
an element of the vector) and theta is the angle between two
such vectors. We prefer to use the theta angle for AMS spec-
tra comparisons because it can better distinguish small differ-
ences in spectra that the coefficient of determination cannot.

Pump and tubing losses during the filling procedure were
evaluated in order to establish the difference between am-
bient concentrations and the ones obtained in the chambers.
The same number distributions are achieved in both cham-
bers after filling them with ambient air. The penetration effi-
ciency through the tubing and the pump for particles with di-
ameter larger than 80 nm is close to 100 %, while for smaller
particles due to higher diffusional deposition the penetration
efficiency is 45 %. The length of the tubing is approximately
1m (with a 0.5 in diameter). The estimated losses for this
tube for the flow rates used and for particles in the 20-80 nm
size range are 1 %—3 %. Therefore, most of the losses occur
in the pump.

3.3 Particle wall losses

Loss of particles to the walls is one of the processes that com-
plicates the analysis of smog chamber experiments. The use
of smaller reactors with lower surface-to-volume ratios can
accelerate these losses. Disturbances of the Teflon reactors
tend to increase the wall loss rates due to the buildup of static
charges on the chamber walls. Transporting and installing the
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reactors also results in higher wall loss rate constants (Wang
etal., 2018).

In order to assess the wall loss behavior of the system,
experiments were conducted in both the laboratory and the
field. In all cases, ammonium sulfate seeds were added to the
chambers and their decay with time was measured. Typically,
the chambers were first filled with clean (particle-free) air
and then ammonium sulfate seeds were introduced. A solu-
tion of 5 g L~! ammonium sulfate was used for the atomizer
and a flow rate of 2L min~!. The decay of the particles was
monitored by an SMPS. Size-dependent wall loss rate con-
stants were calculated correcting for coagulation (Wang et
al., 2018). Figure 4a represents the average size-dependent
profiles for the loss rate constant K. of the two chambers
for the laboratory experiments. On the field, higher rate loss
constants were measured (Fig. 4b). For example, loss rate
constants of 0.2h™! were measured for the 350 nm parti-
cles in the lab, while for the same size range, a value of
approximately 0.5h~! was measured in the field. Figure 4c
and d show the wall loss profiles of the two chambers when
deployed in the Finokalia campaign over 3d of measure-
ments. In both chambers the wall loss rate constants de-
creased over time. During the field deployment of the cham-
bers their handling and the corresponding induced friction re-
sulted in higher charges on the chamber walls and thus higher
particle wall losses. These higher losses had also a stronger
size dependence. Conversely, when the chambers were in-
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side the lab, there was no buildup of charges and the losses
were lower and less size-dependent. A detailed analysis of
the losses of particles in Teflon chambers (both in the labora-
tory and the field) has been presented by Wang et al. (2018).
For this reason, the particle wall loss rates are measured af-
ter each experiment, by the addition of ammonium sulfate
seeds. The chambers in the laboratory underwent minimum
handling during each experiment and thus achieved low loss
rate constants for a wide range of particle sizes.

In order to assess if it is possible to minimize such charges,
a test was conducted in the Teflon reactors in the lab. The
chambers were moved in a different location inside the build-
ing where the lab is located. The two reactors were handled in
exactly the same way simulating the handling during a field
deployment. One of the chambers was inflated with air to al-
most half full while the other was empty. The particle wall
losses were measured before and after the movement. Fig-
ure 5 represents the loss rate constants in the two chambers
because of the movement. The loss rate did not change in the
partially inflated chamber. The other chamber, though, expe-
rienced an increase in the loss rate constants, almost doubling
for the particles in the range 50-200 nm, due to stronger fric-
tion of the Teflon walls with each other and thus building
static charge. No significant change was noticed for particles
larger than 250 nm.

The high particle wall losses introduce uncertainty in the
results because the wall loss corrections dominate the cor-
rected concentration values. If the losses are very high, the
maximum duration of such experiments may be limited. We
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have been working on developing methods to minimize these
effects. Moving the chambers to the field site either fully or
at least partially inflated inside our mobile laboratory clearly
helps.
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3.4 VOC concentrations

Concentrations of the VOCs measured by the PTR-MS were
within a few percent of their ambient levels. In most cases, no
noticeable differences were seen. Tests indicated that there
was no detectable contamination due to the metal bellows
pump during the filling process of the two chambers. Va-
por loss experiments were also performed for a few selected
VOCs. The measured wall loss rates were quite low (less than
1 %h~") for toluene and a-pinene. Their concentrations re-
mained for all practical purposes stable during the experi-
ment.

3.5 NO,, O3, and OH interactions with the walls

A series of experiments were performed to quantify the loss
rates of NO,. and O3 to the Teflon walls of the chambers and
the OH production rates. These can be used for the develop-
ment of an auxiliary mechanism. The experiments were car-
ried out for two light intensities (Jno, of 0.03 and 0.1 min™ B
and for two RH values (RH < 10 % and 50 &+ 15 %). The OH
levels in the chamber were estimated based on the decay of
d-butanol. HONO off-gassing from the chamber walls was
not measured directly, but was estimated based on the OH
levels. Effective OH production rates were estimated using
a pseudo-steady-state assumption. The OH production rates
were practically negligible at low RH, but increased at 50 %
RH and depended on light intensity. The results of these mea-
surements can be found in the Supplement. These measure-
ments indicate that the HONO injections were the dominant
source of OH in our perturbation experiments. However, the
contribution of the walls can be non-negligible under some
conditions for the baseline chamber. To minimize complica-
tions, d-butanol was injected in all experiments, allowing the
direct estimation of the OH concentration in both chambers.
As a result the reported OH exposure takes into account the
wall sources as well.

4 Laboratory testing

The performance of the system was tested in experiments that
took place indoors at Carnegie Mellon University (Center
for Atmospheric Particle Studies). The potential aging of ur-
ban background air masses in Pittsburgh, PA, by OH radicals
was used as a pilot study for the system evaluation. Fewer
UV lights were used in this test, resulting in a Jno, equal to
0.03min~'.

4.1 Experimental procedure

Prior to the experiment, both chambers were flushed with
particle-free air overnight under UV illumination to remove
any residual particles and gas-phase organics. Both chambers
were filled with ambient air using the metal bellows pump.
During the filling procedure, the instruments measured ambi-
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Figure 6. The wall-loss-corrected SMPS-measured aerosol number
concentration. HONO was added only in the perturbed chamber at
t =0.4h to produce OH under UV illumination. The shaded area
indicates that the chambers were dark.
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Figure 7. Plots of the evolution of particle number distributions dur-
ing the HONO perturbation experiment in Pittsburgh. (a) Perturbed
chamber and (b) control chamber.

ent conditions. After the addition of ambient air in the cham-
bers, d-butanol (60 ppb) was added to both of them as an OH
tracer (Barmet et al., 2012). The OH levels can be estimated
by the decay in the d-butanol concentration measured by the
PTR-MS system at m /z 66. The reaction constant for the bu-
tanol reaction with OH is 3.4 x 10'? cm® molecules—!s~!.
HONO was injected only into the perturbation chamber for
about 3 min to produce OH upon UV illumination. The UV
lights were then turned on to illuminate both chambers. Af-
ter the completion of the perturbation experiment, a seed
wall loss experiment was conducted to quantify the particle
wall loss rate constants for the two chambers as described in
Sect. 3.3.

Atmos. Meas. Tech., 12, 2733-2743, 2019



2740
45 1 1 1 1 1
'S (a) UV ON ORGANICS
E 401 — F
2 o A
~ 3.5 i F
g 301 ol “Perturbed
g 3. o
» y Control
2 25N mstenett e e e et
=
2.0 T T T T .
0.0 0.5 1.0 1.5 2.0 25
Time (h)
04 1 1 1 1 1
o i(c) UV ON NITRATES|
c il
o 0.37 E
= f Perturbed
S 0.2 o Nt
o 3 PO il ot
o oy il ..
% 0.1 - N S A |
Z 00 : : : ol
0.0 0.5 1.0 1.5 2.0 25
Time (h)

C. Kaltsonoudis et al.: A portable dual-smog-chamber system for atmospheric aerosol field studies

1 2 1 1 1 1 1

mg 1(b) UV ON SULFATE}
) 1.04 Perturbed\ P
~ F oo’ 3
2 0.8 . U g E
8 I e S
@ 063 Control |
2 E E

04 T T T T T
0.0 0.5 1.0 1.5 2.0 2.5
Time (h)

' Rl (d) UV ON AMMONIUM
E Perturbed, o
g 030_ .ma". “,',-'.‘ O g 3
<] e ad 3
c N P i e,
Q e 5;‘“‘.{‘ g v
o 0204 - “\Control
@
=

0.10 T T T T T
0.0 0.5 1.0 1.5 2.0 25
Time (h)

Figure 8. The particle wall-loss-corrected concentrations of the major PM| components measured by the AMS (a) organics, (b) sulfate,
(¢) nitrates, and (d) ammonium. The shaded area indicates that the chambers were dark. Data have been corrected for the collection efficiency

(CE=0.6).

4.2 Results and discussion

The wall-loss-corrected total particle number concentration
as measured by the SMPS is shown in Fig. 6. The instru-
ments measured ambient conditions during the filling pro-
cess. The average ambient number concentration was around
2500 cm™3. HONO was injected in the perturbed chamber at
t = 0.4h. After turning on the UV lights (# = 0.6h) an in-
crease in the total particle number and volume in the per-
turbed chamber was observed while no change in the control
chamber was noticed. The increase in the perturbed chamber
is due to the formation of new particles (Fig. 7).

Based on the AMS measurements, the ambient air used to
fill the chambers contained on average 3.6 ugm™> of non-
refractory PM; with organics accounting for 75 %, sulfate
17 %, ammonium 6 %, and nitrate 2 %. The collection effi-
ciency of the AMS measurements was found to be 0.6 based
on the algorithm of Kostenidou et al. (2007), while the esti-
mated OA density was 1.2 gcm™3. The calculated theta angle
(Kostenidou et al., 2009) between the ambient and the cham-
ber organic mass spectra vectors was around 5°, indicating
that the aerosol composition inside the chamber was essen-
tially the same as in the ambient air.

To quantify the secondary aerosol formation, data were
corrected for both the collection efficiency and for particle
wall losses. Figure 8 shows the concentrations of the ma-
jor PM; components in the two chambers. An increase in
concentration was observed in the perturbed chamber. After
2.5 of exposure to OH an additional 1.5 ug m~3 of organics,
0.2 ugm—3 of sulfates, 0.1 ug m~> of nitrates, and 0.1 pg m—3
of ammonium were formed. The average OH concentration
in the perturbed chambers was 8.0 x 10° molecules cm > cor-
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Figure 9. The organic mass spectra after filling and after 2h of UV
illumination in the perturbed chamber.

responding to approximately 11 h of equivalent exposure to
an ambient OH = 1.5 x 10 molecules cm 3. The OH con-
centration in the control chamber was an order of magni-
tude less 8 x 10° molecules cm—>. The organic spectra of the
additional formed secondary organic aerosol (SOA) and the
initial OA in the perturbed chamber were relatively similar;
their theta angle was 10° (Fig. 9). The mass spectrum of the
processed OA was characterized by lower fractional contri-
butions at m/z 43 and 44.

The evolution of the oxygen-to-carbon ratio of the or-
ganic aerosol in the two chambers is shown in Fig. 10. The
O : C of the ambient organic aerosol and of the initial OA in
the two chambers was 0.44. After the OH introduction and
the SOA production in the perturbed chamber, the O : C de-
creased slightly to 0.40. The O : C in the control chamber re-
mained approximately the same. The decrease in the O : C in
the perturbed chamber indicates that the additional formed
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Figure 10. The O:C ratio evolution for the control and the per-
turbed chamber. The shaded area indicates that the chambers were
in the dark.

SOA had smaller O:C than the ambient air. The average
O : C ratio in other ambient experiments conducted in Pitts-
burgh was around 0.5, indicating an already moderately oxi-
dized aerosol population. For comparison, the average O: C
ratio in the FAME 2008 and FAME 2009 campaigns was 0.8
and 0.5, respectively (Hildebrandt et al., 2010). The results
of such ambient air experiments with detailed analysis of the
formed aerosol and comparison with ambient and laboratory
measurements are included in a forthcoming publication.

5 Conclusions

A portable dual-chamber system has been developed for field
studies using ambient air as a starting point. The system has
been evaluated and no contamination was observed during
a typical experiment. The concentrations in the two cham-
bers when filled with ambient air are within a few percent of
each other. Particle losses during filling were less than 20 %.
No noticeable losses or cross-contamination was observed
for the measured VOC species.

Higher wall loss rates were observed when the chambers
were deployed in the field, compared to the lower and sta-
ble rates observed when the chambers were inside the lab-
oratory, due to higher electrostatic charges induced during
their movement. A reduction in the wall loss rates with time
was observed when the chambers were deployed in the field,
suggesting that they should be measured after each experi-
ment. The losses can be reduced if the chambers are trans-
ported partially inflated. Initial laboratory experiments show
promising results with respect to potential aging properties of
urban background air in Pittsburgh. An additional 1.5 ug m—3
of SOA was formed after 12h of equivalent OH exposure
with a moderate decrease in the O : C ratio. Implementing the
system in the field will enable the study of complex systems
that were previously out of reach with traditional stationary
chamber facilities.
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