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[1] The aerosol characterization experiment performed within the Large-Scale Biosphere-
Atmosphere Experiment in Amazonia–Smoke, Aerosols, Clouds, Rainfall and Climate
(LBA-SMOCC) field experiment carried out in Rondônia, Brazil, in the period from
September to November 2002 provides a unique data set of size-resolved chemical
composition of boundary layer aerosol over the Amazon Basin from the intense biomass-
burning period to the onset of the wet season. Three main periods were clearly
distinguished on the basis of the PM10 concentration trend during the experiment: (1) dry
period, with average PM10 well above 50 mg m�3; (2) transition period, during which the
24-hour-averaged PM10 never exceeded 40 mg m�3 and never dropped below 10 mg m�3;
(3) and wet period, characterized by 48-hour-averaged concentrations of PM10 below
12 mg m�3 and sometimes as low as 2 mg m�3. The trend of PM10 reflects that of CO
concentration and can be directly linked to the decreasing intensity of the biomass-burning
activities from September through November, because of the progressive onset of the wet
season. Two prominent aerosol modes, in the submicron and supermicron size ranges,
were detected throughout the experiment. Dry period size distributions are dominated by
the fine mode, while the fine and coarse modes show almost the same concentrations
during the wet period. The supermicron fraction of the aerosol is composed mainly of
primary particles of crustal or biological origin, whereas submicron particles are produced
in high concentrations only during the biomass-burning periods and are mainly composed
of organic material, mostly water-soluble, and �10% of soluble inorganic salts, with
sulphate as the major anion. Size-resolved average aerosol chemical compositions are
reported for the dry, transition, and wet periods. However, significant variations in the
aerosol composition and concentrations were observed within each period, which can be
classified into two categories: (1) diurnal oscillations, caused by the diurnal cycle of the
boundary layer and the different combustion phase active during day (flaming) or
night (smouldering); and (2) day-to-day variations, due to alternating phases of relatively
wet and dry conditions. In a second part of the study, three subperiods representative of the
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conditions occurring in the dry, transition, and wet periods were isolated to follow the
evolution of the aerosol chemical composition as a function of changes in rainfall rate and
in the strength of the sources of particulate matter. The chemical data set provided by the
SMOCC field experiment will be useful to characterize the aerosol hygroscopic properties
and the ability of the particles to act as cloud condensation nuclei.

Citation: Fuzzi, S., et al. (2007), Overview of the inorganic and organic composition of size-segregated aerosol in Rondônia, Brazil,

from the biomass-burning period to the onset of the wet season, J. Geophys. Res., 112, D01201, doi:10.1029/2005JD006741.

1. Introduction

[2] The Large-Scale Biosphere-Atmosphere Experiment
in Amazonia–Smoke, Aerosols, Clouds, Rainfall and Cli-
mate (LBA-SMOCC) field campaign was conducted in
Rondônia, southwest of Amazonia, Brazil, in the period
from September to November 2002, extending from the
intense biomass-burning period to the onset of the wet
season. The overall goal of SMOCC was to investigate
the connection between the physical and chemical proper-
ties and the abundance of biomass-burning aerosol particles,
with changes in cloud microphysical properties, such as the
decreasing of the size of cloud droplets forming on this
aerosol, and the climatic consequences of the resulting
perturbation of cloud physics [Andreae et al., 2004]. For
this purpose, a full physical and chemical characterization
of the aerosol particles throughout the experimental period
was carried out, in order to determine the link between the
aerosol chemical and physical properties and their hygro-
scopic and cloud-nucleating properties. The data obtained
will also provide input for models simulating the effect of
biomass-burning aerosol on cloud microphysics [Roberts et
al., 2002], with the aim of investigating the effect of smoke
aerosols on climate dynamics and the resulting large-scale
climatic effects. Aerosols emitted during biomass burning
are predominantly in the form of submicrometer, accumu-
lation-mode particles [Artaxo et al., 2002]. While the
inorganic composition of this aerosol and its emission
factors from fires have been determined in a number of
previous studies [Artaxo et al., 1998, 2000, 2002; Andreae
et al., 1998; Reid et al., 1998; Formenti et al., 2003], there
is still very little information about its organic composition,
although organic matter is known to constitute the major
fraction of smoke aerosols, accounting for up to 80% of the
total aerosol mass [Artaxo and Hansson, 1995]. The organic
material within smoke aerosols is composed of a highly
complex mixture of compounds, covering a wide range of
molecular structures, physical properties and reactivities.
Apart from a few field studies that have shown that water-
soluble organic acids are significantly enriched in smoke
aerosol [Mayol-Bracero et al., 2002; Gao et al., 2003], very
little work has gone into the sampling of fresh and aged
biomass smoke to determine the quantity and molecular
forms of the oxygenated, water-soluble organic compounds
(WSOC) produced by biomass burning. The need for the
analysis of this fraction, however, has gained in relevance
since it has now been shown that the burning of cellulose
produces smoke particles that are nearly 100% water-
soluble [Novakov and Corrigan, 1996], in addition to
mounting evidence that water-soluble organics significantly
contribute to the cloud condensation nuclei (CCN) activity
of aerosols [Roberts et al., 2002]. Moreover, the high

concentrations of WSOC within smoke aerosols suggest
that they may play a significant role in the aqueous phase
chemistry occurring within cloud droplets nucleated by
smoke [Herrmann, 2003]. Thus for the LBA-SMOCC
project additional and novel methods for the analysis of
organic aerosols were developed and applied [Decesari et
al., 2006].
[3] The purpose of this paper is to provide an overview of

the LBA-SMOCC experiment itself, and describe measure-
ments of the size segregated aerosol composition during the
whole field campaign. After this overall description, some
characteristic periods within the campaign are analysed and
discussed in greater detail to provide deeper insight on the
evolution of size-segregated aerosol composition from the
dry (burning) season to the onset of the wet season.

2. Experimental Part

[4] The ground-based part of the LBA-SMOCC field
experiment was performed at the Fazenda Nossa Senhora
Apareçida (FNS) (10�04.70s, 61�56.020W, 145 m asl.), a
rural site in central Rondônia. The ground-based component
was complemented by a large-scale airborne experiment
aimed at looking at vertical profiles and measuring large-
scale aerosol and cloud properties [Andreae et al., 2004].
The field site was deforested by fire about 25 years ago and
is now a pasture, with Brachiaria brizantha as the dominant
species of grass. A complete description of the site as well
as maps at different scales is given by Andreae et al. [2002].
The period of the experiment encompasses the late
dry season (September to early October) and extends to
the onset of the rainy period in this part of Amazonia
(November). In 2002, the weather typical of the dry season
lasted until the first week of October, while the rest of that
month was a transition period characterized by intermittent
precipitation episodes and dry days (M. A. F. Silva Dias, in
preparation, 2006). During the dry season and, to a lesser
extent, the transition period, widespread fire activity was
observed in Rondônia and Mato Grosso, as well as in the
other states that contain the ‘‘arc of deforestation’’ along the
southern and south eastern margin of the Amazon forest
(Figures 1a–1c). During the SMOCC campaign, the most
intense nearby burning was taking place at the edge of the
woodlands, extending from north to east of the FNS site at a
distance of about 20–30 km. Wood burning was also active
in Ouro Preto de Oeste (�40,800 inhabitants) which is 8 km
from the sampling site. The FNS site is located on a strip of
cleared land 4 km wide and several tens of kilometers long,
where only sparse domestic fires were observed. Biomass
burning was substantially reduced in the region at the
beginning of November after the onset of persistent wet
conditions.
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Figure 1. Monthly cumulated number of fire points over Brazil detected by the NOAA-12 satellite
during the period of the SMOCC campaign: (a) September, (b) October, and (c) November 2002.
Courtesy of Centro de Previsão de Tempo e Estudios Climaticos, Instituto Nacional de Pesquisas
Espaciais (CPTEC/INPE).
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2.1. Overview of the Meteorological Situation

[5] From the climatological records of the dry-to-wet
season transition in Rondônia [Ferreira da Costa et al.,
1998], the average rainfall amount varies from a monthly
total of 96 mm (with 6 days of rainfall higher than 1 mm/day)
in September, to 153mm (with 12 days of rainfall) inOctober,
up to 238 mm (with 16 days of rainfall) in November.
The air temperature is less variable during the period
considered, with monthly mean values around 25.0�C,
although there is a variation in the daily maximum
temperature span: 10.7�C in September, 9.4�C in October
and 8.0�C in November. This is due to the increase of
minimum temperature and a slight decrease in the max-
imum temperature.
[6] The weather conditions during the LBA-SMOCC

experiment were mainly consistent with the above clima-
tology: temperatures were around the average (deviations
less than 1�C from the average) throughout the period, with
the rainfall slightly above normal in September (deviation of
up to 50 mm) and November (25 mm up to 100 mm) and
slightly below average in October (up to �50 mm). Radio-
soundings were performed at the sampling site in order to
identify the vertical structure and characteristics of the
convective boundary layer (CBL) (G. Fisch, in preparation,
2006). The soundings were performed several times per day
(08, 11, 14 and 17 Local Time (LT)) and the 17 LT
soundings were used to represent the maximum height of
the CBL. During the dry season, the boundary layer was
very well mixed and developed, with an average height of
around 1690 m (standard deviation. 250 m) at midday. For
the transition period, when some systematic convective
rainfalls developed during the afternoons, the CBL average
height was reduced to around 1320 m (standard deviation.
250 m). The nocturnal boundary layer height was much
lower, with maximum height approximately 200–250 m.
The surface cooling due to the nocturnal radiation budget is
the main force for the developing of this layer as winds are
very weak. No soundings are available for the last period of
the campaign, i.e., after 31 October at the onset of the wet
season. The evolution of the boundary layer is also dis-
cussed in a paper by Rissler et al. [2006].

2.2. Aerosol Sampling and Analysis

[7] The experimental set-up employed during the LBA-
SMOCC campaign at the FNS site was designed for a full
characterization of the optical, physical, hygroscopic and
chemical properties of the aerosol [Chand et al., 2006;
Decesari et al., 2006; Trebs et al., 2005, 2006]. Trace gas
(CO and NOx) concentrations were also measured through-
out the experiment. CO was measured with the Thermo
Environmental Instrument Inc. analyzer (Model 48C Gas
Filter Correlation) with a detection limit of 40 ppb. Because
of the high ambient humidity, a cooler was used to remove
water from the sample stream prior to the CO analyzer. The
chemiluminescence NO/NOx analyzer (Model 42C TL,
Thermo Environment Instruments Inc.) was equipped with
a molybdenum converter to transform ambient NO2 to NO
(for details, see Trebs et al. [2006]). The dry aerosol number
size distributions were measured with a Differential Mobil-
ity Particle Sizer (DMPS) at a time resolution of 10 min
[Rissler et al., 2004]. The aerosol entered the DMPS at
ambient relative humidity. The DMPS was operated in

stepping mode, measuring at steps of equal logarithmic
diameter, for a total of 38 mobility channels covering the
size range from 3 to 850 nm. The inversion program
converting the measured mobility distribution to dry num-
ber size distributions takes into account sampling line
losses, bipolar charging probabilities, calibrated DMA
transfer functions, DMA diffusion broadening and losses,
and CPC counting efficiencies. PM10 and PM2.5 were
determined every 30 min by means of two Tapered Element
Oscillating Microbalance (TEOM) instruments, operating at
an inlet temperature of 50 degrees. Aerosol total carbon
(TC) in PM2.5 and its volatile and refractory fractions, were
determined every 60 min with a R&P Ambient Carbon
Particulate Monitor series 5400 [Artaxo et al., 2002]. With
the R&P 5400, refractory carbon was derived as the fraction
of carbon that is converted to CO2 above a temperature of
350�C. Organic carbon was obtained as the difference
between total carbon and refractory carbon. The TEOMs
and the carbon monitor were operated at the FNS site
throughout the campaign until 3 November.
[8] A combination of wet annular denuder/steam jet

aerosol collector (SJAC) was used to measure the concen-
trations of inorganic aerosol species (ammonium, nitrate,
nitrite, chloride and sulphate) and their gaseous precursors
(ammonia, nitric acid, nitrous acid, hydrochloric acid and
sulphur dioxide) online with a time resolution of 20 min
from 12 to 23 September, and of 40–60 min from 7 October
to 11 November [Trebs et al., 2004].
[9] Aerosol samples for chemical analysis were collected

by means of a suite of filter samplers and five different
models of cascade impactors. The characteristics of the
impactors are reported in Table 1. The filter samplers
included PM10 and PM2.5 collectors, stacked filter unit
(SFU) samplers, and high-volume dichotomous samplers
(HVDS). The SFU samplers and HVDS provide separate
coarse and fine size fractions, with coarse being the size
range 2–10 mm aerodynamic diameter (AD) for the SFU
and >2.5 mm AD for the HVDS, and fine being the size
range of <2 mm AD for the SFU and <2.5 mm AD for the
HVDS. The chemical analyses for the filter samples are
described elsewhere [Falkovich et al., 2005; Decesari et al.,
2006; W. Maenhaut, in preparation, 2006; M. Claeys, in
preparation, 2006]. Among the techniques for measuring
individual chemical species or elements in the filter samples
were ion chromatography (IC), gas chromatography/mass
spectrometry (GC/MS), instrumental neutron activation
analysis (INAA) and particle-induced X-ray emission spec-
trometry (PIXE). The sampling time for all aerosol collec-
tion devices was initially set at 12 hours, and then extended
to 24 and 48 hours following the decrease in the aerosol air
concentrations monitored by TEOM. The collectors were
operated in parallel with the exception of the 8-stage micro-
orifice uniform deposition impactor (MOUDI). Because of
expected differences in the concentrations and composition
of the aerosol during day and night [Artaxo et al., 2002],
samplings were performed separately for day and night
conditions. Therefore during the transition and wet periods,
24 and 48 hour diurnal/nocturnal samplings were performed
on two and four consecutive days/nights, respectively.
[10] The 13-stage Dekati low-pressure impactor (DLPI),

11-stage MOUDI and the 5-stage Berner Impactor (BI) used
aluminium foils for the determination of particulate mass
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(PM). Selected samples from the 11-stage MOUDI were
analysed for TC with a TOC (total organic carbon) analyser
with Solid Sample Module (Shimadzu) and selected DLPI
samples were analysed for TC by evolved gas analysis
(EGA) [Novakov et al., 1997] and for inorganic and organic
ionic species by IC [Andreae et al., 2000; Gabriel et al.,
2002]. Elemental carbon (EC) was determined by EGA in
the fine fraction from the HVDS, after water extraction to
remove soluble inorganic and organic species to reduce
the artifacts resulting from catalysis and charring [Mayol-
Bracero et al., 2002; Hoffer et al., 2005].
[11] Quartz fiber filters and aluminium foils were alter-

natively mounted on the DLPI, with the quartz substrates
allowing more accurate analysis of TC by EGA analysis, of
inorganic ions by IC and of elements by Inductively
Coupled Plasma Atomic Emission Spectrometry
(ICP-AES). The BI was equipped with double aluminium/
Tedlar substrates [Matta et al., 2003] during the first period
of sampling (9–28 September) and with only Tedlar
substrates during the second period (15 October to
9 November). Tedlar substrates had been thoroughly
washed with deionized water before sampling. Aerosols
collected on Tedlar foils were extracted with water for the
determination of total water-soluble organic compounds
(WSOC) by liquid TOC analysis [Decesari et al., 2006],

and of inorganic ions by IC [Matta et al., 2003]. A 12-stage
small deposit area low-pressure impactor (SDI) was specif-
ically devoted to elemental analysis. Samples were collected
on Kimfol polycarbonate foils and analysed by PIXE
[Maenhaut et al., 1996].
[12] The organic analysis was performed by means of

different analytical techniques for both speciation at the
molecular level and functional group analysis. A detailed
description of the organic chemical characterization is given
by Decesari et al. [2006]. Briefly, ion exchange chroma-
tography coupled to UV detection for fractionation of
WSOC into neutral and acidic compounds was performed
on all BI samples collected on Tedlar substrates. IC and ion
exclusion chromatography (IEC) for the analysis of inor-
ganic ions, low molecular weight organic acids and hydrox-
ylated compounds were performed on selected 8-stage
MOUDI samples [Falkovich et al., 2005; Schkolnik et al.,
2005]. The 11-stage MOUDI samples representative of the
various periods of the campaign were also extracted with
dichloromethane/methanol for GC/MS analysis of the polar
fraction of organic carbon (OC) (M. Claeys, in preparation,
2006). Finally, two BI samples collected during episodes of
very high aerosol concentrations were subjected to func-
tional group analysis by proton nuclear magnetic resonance
(NMR) spectroscopy [Tagliavini et al., 2006]. For both

Table 1. Cascade Impactors Deployed During the SMOCC Field Experiment by the Various Groups Participating in the Field

Experimenta

Impactor Type

Dekati Low-
Pressure
Impactor
DLPI

MOUDI (Micro-orifice
Uniform Deposit Impactor)

Berner Low-Pressure
Impactor LPI 80

Small Deposit Area
Low-Pressure Impactor (SDI)

Operator UPR UGent IFUSP ISAC UGent

Sampling period 15 Sept to
14 Nov

9 Sept
to 14 Nov

15 Sept
to 14 Nov

8–28 Sept;
15 Oct
to 9 Nov.

9 Sept
to 14 Nov

Flow rate (Lpm) 28.9–28.3 27 20–25 80b 11
Lower cut off (mm) 0.030c 0.053 0.09 0.05 0.045

0.079c 0.094 0.18 0.14 0.086
0.104c 0.164 0.33 0.42 0.153
0.162 0.301 0.56 1.2 0.231
0.269 0.603 1.00 3.5 0.343
0.393 1.0 1.80 0.591
0.628 1.8 3.20 0.796
0.970 3.1 10.0 1.06
1.64 6.2 1.66
2.44 9.9 2.68
4.09 18 4.08
6.73 8.5
10.2

Inlet cut-size (mm) 30 None 30 10 15
Substrates Aluminum

or quartz
fiber filters

Aluminum Polycarbonate Aluminumg and Tedlar polycarbonate

Weighting (RH) 50% 50% N.A. 30%
Analysis Gravimetry,

EGA, ICPd, ICd
Gravimetry;

TOCd,e, GCMSd
Gravimetry, ICd,

IECd
on aluminum foils:

gravimetry; on
Tedlar foils: IC,
TOCf, IC-UV, NMRd

PIXE

aUPR: University of Puerto Rico; UGent: Ghent University; IFUSP: Instituto de Fisica, Universidade de São Paulo; ISAC: Institute of Atmospheric
Sciences and Climate. The cut-offs are provided as aerodynamic diameters (AD).

bNominal flow rate.
cAverage cut-off for the experiment. The actual values vary among samplings.
dOn selected samples.
eThermal analysis of TC directly on the impactor foils.
fThermal analysis of TC in the water extracts of the impactor foils.
gMounted only in the sampling period 8–28 September.
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filters and impactor foils, blanks were stored in the field
with an approximate frequency of one every ten samples.
All data reported in the paper are corrected for blanks.

3. Aerosol Composition and Trends

[13] The trend in ambient aerosol concentrations (PM10)
throughout the experiment is shown in Figure 2a. Three
main periods can be clearly distinguished on the basis of the
PM10 concentration trends: (1) dry period (from 7 Septem-
ber until 7 October) including two major episodes of
subsequent days showing PM10 constantly above 50 mg m�3;
(2) transition period (8–30 October), 20 days during which
the 24-hour-averaged PM10 never exceeded 40 mg m�3 and
never dropped below 10 mg m�3; (3) wet period (after
30 October) characterized by 48-hour-averaged concentra-
tions of PM10 below 12 mg m�3 and sometimes as low as
2 mg m�3. These low values of PM10 concentrations are
characteristic of the wet season in Amazonia [Artaxo et al.,
2002]. The trend of PM10 reflects that of CO concentrations
(r2 = 0.87) and can be directly linked to the decreasing
intensity of the biomass-burning activities from September
through November due to the progressive onset of the wet
season (Figure 2b). It is possible to observe that local
Rondônia fires explain only part of the PM10 variability
but, for some periods, high PM10 concentrations were
observed with low fire counts in Rondônia. During these
periods, fires in the nearby Mato Grosso state might have
been responsible for the observed high PM10 concentrations,
pointing to the importance of regional aerosol transport over
Amazonia. The mean circulation was responsible for the net
transport of smoke from Mato Grosso and other upwind
regions to Rondônia, and from Rondônia in the south/
southeastern direction, along the margin of the Andes
mountains (M. A. F. Silva Dias, in preparation, 2006).
[14] The large difference in the height of the boundary

layer between night and day is responsible for the oscil-
lations in the 12-hour-averaged PM10 concentrations
which can be observed especially during the dry period
(Figure 2a), with higher ground concentrations at nighttime
[Rissler et al., 2006]. For example, from 17 to 20 September
the aerosol concentration measured by the 11-stage MOUDI
impactor varied by a factor of two between night and day,
whereas the 24-hour-averaged concentrations (measured by
the 8-stage MOUDI impactor) indicated only a 10% vari-
ation between consecutive samples. Because of such diurnal
cycles of the aerosol concentration and to the 24-hour
periodicity of other phenomena connected with the aerosol
cycle (e.g., turbulence and cloud formation, biomass burn-
ing and other anthropogenic activities, biological activity),
in the following sections we will discuss separately noctur-
nal and diurnal aerosol populations and size distributions.
[15] Despite the general agreement among the trends of

PM10 measured by the different impactors, significant
deviations were frequently observed. The integrated mass
from DLPI was alternatively higher or lower than that
determined by MOUDIs. Conversely, the BI provided
systematically lower PM10 concentrations than the other
three impactors (Figure 2a). The different weighting con-
ditions employed (Table 1) may have contributed to the
observed discrepancies between the impactor measure-
ments. However, the change in the aerosol volume due to

water uptake between 30 and 50% RH is estimated to be
less than 10% on the basis of the measurements performed
with a Hygroscopic Tandem Differential Mobility Analyzer
(H-TDMA, Rissler et al. [2006]). The main losses of BI
compared to MOUDIs were observed in different size
ranges, especially above 3.5 mm and below 0.42 mm. The
integrated concentrations of PM and of the chemical com-
ponents determined on the BI were on average 22% lower
compared to that determined on the 11-stage MOUDI, with
the larger deviations observed during daytime, when the
low relative humidity shifted the mode in the PM size
distribution at aerosol diameters below 0.42 mm (see the
following section). However, the chemical analyses showed
that the same artifacts observed for PM were also found for
all main chemical constituents of the aerosol, so that the
ratio of individual chemical components to PM in the
different size ranges was essentially the same as that found
in the other impactors. Therefore we can conclude that
sampling with BI was affected mostly by nonspecific
artifacts with respect to the chemical composition of the
aerosol particles.

3.1. Aerosol Mass and Volume Size Distributions

[16] The PM size distributions during the experiment
were systematically determined by sampling with an
11-stage MOUDI (80 samples) and an 8-stage MOUDI
(33 samples). Size-resolved PM data were also provided by
the BI and by the DLPI, but with lower time coverage
compared to the MOUDIs. Figures 3a–3c report the statis-
tics of the measured 11-stage MOUDI size distributions for
the three main periods of the campaign. Since the aerosol
concentrations followed a diurnal cycle for most of the
time, the average size distributions were calculated sepa-
rately for the daytime and the nighttime samples. Two
prominent modes, in the submicron and supermicron size
ranges, respectively, were detected throughout the experi-
ment, but the relative magnitude of the two changed
according to the period. Dry period size distributions are
dominated by the fine mode, but the fine and coarse modes
show almost the same concentrations during the wet period.
These findings are in agreement with those provided by past
LBA measurement campaigns in Rondônia [Artaxo et al.,
2002; Guyon et al., 2003], showing that the intense biomass-
burning activity is reflected by high concentrations of
submicron particles, whereas the pristine Amazon Basin
environment is characterized by higher concentrations of
coarse-mode biogenic particles emitted by the vegetation.
During the LBA-SMOCC experiment, fine-mode particle
concentrations decreased by a factor of 20 from the dry to
the wet period, while the coarse-mode particle concentrations
were relatively stable throughout the campaign, suggesting
that the natural background of supermicron particles is almost
constant during the dry-to-wet season transition.
[17] The average concentrations of both fine and coarse

particles were lower during the day than during the night,
supporting the proposed dilution effect due to the evolution
of the boundary layer that is much higher during daytime, as
a result of intense vertical mixing and dilution. Another
distinguishing feature of daytime PM size distribution is the
occurrence of two overlapping modes in the submicron
fraction at �300 and 700 nm which correspond to the
‘‘condensation’’ (lower submicron) and ‘‘droplet’’ (upper
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Figure 2. (a) Trends in PM10 concentrations from TEOM and from integrated impactor measurements
versus GMT throughout the experiment. (b) Trends in CO concentrations and of fire spots versus GMT in
the states of Rondônia and Mato Grosso measured by NOAA-14. The time resolution is 5 min for the CO
monitor, 30 min for TEOM and 12 to 48 h for the impactors.
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