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[1] In the frame of the African Monsoon Multidisciplinary Analysis–Special Observation
Period 0 (AMMA SOP0) field campaign, a sophisticated instrumental setup specially
designed for documenting the characteristics of aerosols in the surface boundary
layer has been operated for 1 month (13 January to 13 February 2006) at the
Banizoumbou supersite in Niger. The analysis of the long-term routine sunphotometer
measurements shows that the intensive measurements were performed during a
transition phase between a period when biomass burning aerosols are present in the
atmospheric column and another when mineral dust is clearly predominant. On the
basis of ground-level observations, three types of events can be defined. (1) Type B events
are those corresponding to advection of Biomass burning plumes from southern Sahel.
They represent only 3% of the measurement period. (2) Type D events are those during
which mineral dust concentrations are larger than 200 mg m�3. They represent
35% of the measuring time, and coincide with advection of mineral dust from distant
sources to the measurement site. The composition of the dust differs significantly from one
episode to the other, depending on the trajectory of air mass that transported it. (3) Type L
events are those that can be explained by occurrence of local erosion and that are of
short duration. During them, the aerosol size distribution is dominated by a coarser mode
(9 mm) than during the events of the D type dominated by a finer mode (4.5 mm).
Elemental analysis also shows that mineral dust is relatively rich in Fe and poor in Ca,
which is typical of the Sahelian aerosols.
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1. Introduction

[2] Both the most recent reports of the Intergovernmental
Panel on Climate Change [2001, 2007] highlight the
uncertainties that still affect the estimate of the contribution
of mineral dust to radiative forcing. These are due to a poor
knowledge of the concentration field and physicochemical
properties of mineral dust.
[3] Threemajor research tools have been used to investigate

these uncertainties: aircraft campaigns, remote sensing, and
modeling studies [Washington et al., 2006]. These authors also
warn on the rarity of ground-based field campaigns, particu-
larly in the vicinity of source areas. To be representative of the

overall aerosol content in the atmosphere, ground-based
campaigns must be coupled with vertically resolved and/or
vertically integrated measurements.
[4] Nevertheless, ground-based studies are absolutely

necessary to study the impact of mineral dust on health
[e.g., Thomson et al., 2006] and on soil fertility [Swap et al.,
1992; Valentin et al., 2004]. They are also essential to
constrain the models describing the mineral dust cycle, in
particular their emission and deposition modules [Gomes
et al., 2003; Alfaro et al., 2004; Goossens and Rajot,
2008].
[5] Since the early work of Schütz et al. [1981], the

Sahara has been recognized as the ‘‘world’s largest source
of aeolian soil dust’’ [Goudie and Middleton, 2001]. To
date, it is estimated that the Sahara emits up to 670 Mt
per year [Laurent, 2005]. Regarding the contribution of
the Sahel to dust emission, it is currently debated
[Engelstaedter and Washington, 2006], but it might become
more important in the future owing to the increasing
population of the area [Guengant and Banoin, 2003;
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Leblanc et al., 2008]. In this case, dust emitted from the
Sahel could be considered as being of anthropogenic origin,
and should therefore be accounted for when estimating the
global radiative forcing of the Earth-atmosphere system.
[6] In wintertime, forest fires for land clearing are

commonplace in the southern part of the Sahel that is a
major source of biomass burning aerosols. These aerosols
are expected to mix with mineral dust that is transported
southward toward the Gulf of Guinea by trade winds.
[7] The first field phase of the African Monsoon

Multidisciplinary Analysis (AMMA SOP0/DABEX–Dust
And Biomass burning EXperiment) has been dedicated to
the study of mineral dust, biomass burning aerosols, and
their mixing [Redelsperger et al., 2006; Haywood et al.,
2008]. In this framework, several ground-based supersites
were operated in Niger, Benin and Senegal during the
January–February, 2006 period. The Facility for Airborne
Atmospheric Measurements (FAAM) BAe-146 was also
operated from Niamey, in Niger [Haywood et al., 2008].
[8] In this paper, we present results from the ground-

based measurements of aerosol concentrations and physi-
cochemical properties which were conducted at the AMMA
supersite of Banizoumbou, in Niger, from 13 January to
13 February 2006.
[9] First, this paper aims at presenting the field installation,

which was designed specially for AMMA in order to take into
account the experimental challenges in investigating mineral
dust, in particular the sampling of particles larger than 1 mm
diameter. Measurements will be discussed to illustrate the
general situation of the SOP0 period in terms of meteorolog-
ical conditions and aerosol type and atmospheric load. The
occurrence of specific episodes of intrusion of mineral dust
and biomass burning aerosols which were advected at the
site will also be illustrated. These episodes will be charac-
terized in terms of their origin, aerosol composition and size
distribution.
[10] This paper completes the body of observations on

mineral dust source and properties also presented in this

special issue of JGR [Formenti et al., 2008; Chou et al.,
2008; Osborne et al., 2008].

2. Experimental Setup

[11] The AMMA super site of Banizoumbou (13.5�N
2.6�E, 250 m above sea level), is located at a remote
location at about 60 km east from the capital of Niger,
Niamey (Figure 1). This site has been operational since the
early 1990s, when the first measurements of soil erosion
were performed on a cultivated field and a fallow [Rajot et
al., 1995; Rajot, 2001]. Since 1995, the site is also an
Aerosol Robotic Network (AERONET) station measuring
columnar aerosol optical properties.
[12] Two novel sampling stations were implemented in

the framework of AMMA (Figure 2). The first one aims
at monitoring the aerosol dynamics at the seasonal and
interannual timescales (AMMA EOP). It consists of mea-
surements of surface PM10 mass concentrations and total
deposition, as well as measurements of the aerosol vertical
profile twice a day.
[13] The second station is designed for intensive measure-

ments (AMMA SOP). It consisted into an instrumented
container sampling from two wind-oriented multiline inlets.
The container was buried underground in order to avoid
disturbances in the airflow. Full details are presented in
the following paragraphs. A laboratory was also set up
as a clean room where aerosol samples were prepared,
conditioned and stored before and after sampling. Sample
preparation was performed under a portable laminar flow
bench. Both the container and the laboratory were powered
by a 10 KVA diesel power generator. In order to avoid
contamination, this was installed at 160 m north of the
container (Figure 2). Northerly winds are really rare at the
site.
[14] The station was operated between 13 January and 13

February 2006 in order to encompass the entire AMMA
SOP0/DABEX field campaign.

2.1. Isokinetic Particle Collector (IPC)

[15] Aerosol sampling was performed using two identical
inlet systems novelty designed for the AMMA field cam-
paigns. The objectives of this instrumental development
were twofold. First, the inlets should be able to serve, on the
same air mass, online instruments and filter sampling.
Second, distortion in the aerosol size distribution should
be minimized. This was true in particular for particles in the
coarse fraction, which dominate the mass size distribution
of mineral dust aerosols.
[16] The inlet system, called IPC (Isokinetic Particle

Collector), is shown in Figure 3. It consists in a sampling
head (56 mm diameter), which is nearly isokinetic at the
mean wind speed (�6 m s�1) expected at the site in
wintertime. The airflow is kept constant at 50 m3 h�1 by
a rotating pump (Minijammer 119379–01, AMETEK Kent
USA) controlled with a volume flow controller inserted in
the airflow (DMT-586A, System-C-Industrie, Saint Paul
Trois Châteaux, France). In order to optimize the collection
of larger particles, the sampling head is equipped with a
wind vane to make it always face the wind.
[17] The sampling head is followed by a 110-mm diver-

gent where particles are decelerated and transported into a

Figure 1. Location of the experimental site of Banizoumbou.
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vertical cylindrical chamber (150 mm diameter, 2.7 m high)
where 7 sampling lines are inserted. Preliminary calcula-
tions suggest that particles of aerodynamic diameter of
about 40 mm are transported with 50% efficiency at the
entrance of the sampling lines.
[18] The seven sampling lines can be connected to a

different online instrument or off-line collector. The diam-
eter of each line is calculated so to match the nominal flow
rate needed by instruments. Because of the large number of
online instruments and collectors to be installed to docu-
ment the aerosol physicochemical properties, two IPCs were
deployed in parallel (Figure 4). The sampling frequency was
fixed at 5 min for the automatic instruments, whereas the
exposure times for aerosol collectors such as filters varied
according to the atmospheric concentrations. A GRIMM
optical particle counter (GRIMM OPC 1.108, GRIMM
Aerosol Technik GmbH & Co., Ainring, Germany) was
installed behind each IPC in order to check whether the two
inlet systems had identical performances in terms of aerosol
transmission. The results of this test were very encouraging.
For the whole of the campaign, the correlation of particle
number measured in parallel on the two IPC was excellent
(R2 � 0.99). A systematic bias in the slope of the regression
line was identified as due to differences in the GRIMM
OPCs counting efficiencies and not to in the IPC particle
transmission.

[19] In order to avoid perturbation in the airflow and to
protect the instruments from the surrounding environment
(dust, changes in temperature), an air-conditioned container
(L �W � H = 6 � 2.5 � 2.5 m3) was buried underground
and under the IPCs. When doing so, the sampling head of
the IPCs was at 2.2 m above ground. The height of the
container was sufficient to install all the instruments without
bending in the tubing from sampling lines.

2.2. Online In Situ Instrumentation

[20] In this section, we present the characteristics of
instruments which are relevant to this paper.
[21] A Tapering Element Oscillating Microbalance

(TEOM, model 1400a, Rupprecht and Patashnick Albany,
New York USA) was used to measure the total suspended
particle (TSP) mass concentration (in mg m�3 at standard
temperature and pressure (STP; T = 25�C, p = 1013 hPa).
The flow rate was 3 L min�1 and the averaging time was
5 min. The sample stream is preheated to 50�C before
entering the mass transducer so that the measurement is
performed always at very low and constant humidity.
Moreover, the relative humidity always remained below
45% during the experiment. As a consequence, the TEOM
never showed negative values, which indicate generally the
occurrence of volatile compounds. The nominal precision of
the instrument is ± 5.0 mg m�3 for 10 min averaging, which

Figure 2. Aerial view of the experimental site on October 2006. Light-colored fields are cropped with
pearl millet; dark fields are fallows covered in natural grass and shrubs. Other AMMA experimental
devices are also indicated: 1, the buried container and IPC; 2, the laboratory; 3, the power generator; 4,
the EOP station; 5, the ARM station, and 6, the heat flux measuring station.
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is considered as an upper limit for the sampling conditions
used during the experiment.
[22] The number size distribution (cm�3) over 15 size

classes between 0.3 and 20 mm (optically equivalent particle
diameter) was measured by a GRIMM OPC (model
1.108, GRIMM Aerosol Technik GmbH & Co., Ainring,
Germany). Aerosols are sampled at a controlled volume
flow rate of 1.2 L min�1. Two optical sensors provide near-
real-time particle number concentration measurements at a
maximum logging rate of 0.17 Hz (or 6 s). Averaging time
was 5 min for the experiment.
[23] In order to put into evidence the contribution and

properties of coarse particles, and that independently of the
total concentration, in the following the normalized mass
size distributions dM/dlogDp calculated from the number
size distribution dN/dlogDp measured by the GRIMM will
be presented and discussed. We assumed that particles are
spherical, and of homogeneous density of 2.65 g cm�3,
typical of the principal minerals (quartz, clays, feldspath,
calcite) constituting mineral dust.

[24] Finally, a spectral aethalometer (AE-31, Magee
Scientific Company Berkeley, California) was used to deter-
mine black carbon (BC) concentrations. The aethalometer is
a filter-based instrument measuring light attenuation of
aerosol particles deposited through a quartz filter. Flow rate
was set to 3 Lmin�1. The AE-3 series ‘‘Spectrum’’ models of
aethalometer use an optical source assembly that incorporates
seven different solid-state light sources (370, 450, 520, 590,
660, 880, 940 nm). The content of black carbon (BC) is
estimated from the measured optical attenuation at a fixed
wavelength l and the optical absorption cross-section s(1/l).
Measurements at 880 nm were used to estimate equivalent
BC concentrations. At this wavelength, the contribution of
mineral dust to attenuation, although positive, is minimal.

2.3. Filter Collection and Analysis

[25] Samples dedicated to the analysis of the total
elemental concentrations were collected on 37-mm
polycarbonate Nuclepore membranes of 0.4 mm pore size
(Whatman1). The filter lines were equipped with mass flow
controllers (BROOKS, model 5850S, Brooks Instrument,
Veenendaal, Netherlands) in order to prevent changes in the
flow rate due to filter clogging during sampling.
[26] Additional filter collection on 47-mm Nuclepore

membranes (0.4-mm pore size) was performed from a
PM10 sampling head working at 1 m3 h�1 (Ruprecht and
Patashnick, Albany, New York USA), which was installed
in parallel of the IPCs on the last part of the campaign
(31 January 2006) (Figure 4).
[27] Wavelength dispersive X-ray fluorescence (WD-XRF)

analyses have been performed at the LISA in Créteil using a
PW-2404 spectrometer by Panalytical. Excitation X rays
are produced by a Coolidge tube (Imax = 125 mA, Vmax =
60 kV) with a Rh anode; primary X-ray spectrum can be
controlled by inserting filters (Al, at different thickness)
between the anode and the sample. Each element was
analyzed three times, with specific conditions (voltage,
tube filter, collimator, analyzing crystal and detector),
lasting 8 to 10 s. Data were collected for nine elements
(Na, Mg, Al, Si, P, K, Ca, Ti, Fe) using SuperQ software.
The elemental thickness (mg cm�2) was obtained by
comparing the filter yields with a sensitivity curve
measured in the same geometry on a set of dust certified
geo-standards (ANRT GS-N) deposited at different con-
centrations (<150 mg cm�2) on Nuclepore filters. This
range of concentrations corresponds to that expected for
African mineral dust in wintertime. The upper limit is
fixed so to reduce artifacts related to the auto-absorption
of emitted X ray in the sample (matrix effect). Neverthe-
less this effect still occurred for the lighter elements (Al,
Si, P and Mg). A correction factor was estimated by
using the slope of the regression line between the ratios
of these elements to Fe versus the total estimated mass
(sumof analyzed elements per unit surface of the filter). For the
AMMA samples, the limit of quantification of the technique
ranged between 3� 10�3 and 13� 10�3 mg cm�2, depending
on element.

2.4. Additional Measurements and Ancillary Data

[28] A saltiphone (Eijkelkamp, Giesbeek, The Nether-
lands) situated at 5 m from the IPCs allows recording the
impacts of sand grain saltating at 9 cm high from the soil

Figure 3. Cross section of the Isokinetic Particles
Collector (IPC). Segment A: rotating inlet with wind vane;
segment B: mixing chamber; segment C: opening level of
the seven sampling lines (only two of them were
represented on the scheme); segment D: volume flow
controller; and segment E: to the instruments.
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surface. The occurrence of saltation is due to well-
established local aeolian erosion.
[29] A sun/sky photometer of the Aerosol Robotic

Network (AERONET) [Holben et al., 2001] was also
installed at about 5 km northeast of the Banizoumbou IPCs
station. Measured aerosol optical depth at 440 nm and
Angström exponent (440–870 nm) will be used in this
paper to provide indications of the aerosol seasonal cycle.
[30] PM10 mass concentration (TEOM model 1400a,

Rupprecht and Patashnick Albany, New York USA) was also
measured at 6.5 m height on a monitoring station set up for
the AMMA Enhanced Observation Period (EOP) Wind
speed and wind direction (2D sonic anemometer Windsonic,
Gill Instrument Ltd.) and air temperature and relative humid-
ity (50Y probe, Campbell Scientific Ltd.) were measured at
the same height. The sampling frequency was fixed at 5 min.
This station was situated 250 m east of the field (Figure 2).
[31] The origin of air masses corresponding to observed

events has been obtained by calculation of 5-day back
trajectories. Three-dimensional back trajectories were
calculated done with the NOAA HYbrid Single-Particle
Lagrangian Integrated Trajectory Model (HYSPLIT). The
model uses the 1� � 1� latitude-longitude grid, FNL
(acronym for ‘‘final’’) meteorological database [Draxler
and Hess, 1997]. The 6-hourly FNL archive data is gener-
ated by the NCEP’s GDAS (National Centers for Environ-
mental Prediction’s Global Data Assimilation System) wind

field reanalysis. GDAS uses the spectral Medium Range
Forecast model (MRF) for the forecast. The FNL database
contains basic meteorological field parameters such as the
horizontal wind components, temperature, and humidity at
13 vertical levels, from surface level to 20 hPa. Further
information on the FNL meteorological database can be
found at http://www.arl.noaa.gov/ss/transport/archives.html.

3. Results

3.1. Meteorological Conditions Prevailing During
the Measurement Period

[32] Figure 5 locates the SOP0 measurement period
within the seasonal cycle of several key meteorological
parameters such as the (1) absolute humidity computed
from the values of relative humidity and temperature
[Sonntag, 1990] measured at the EOP station, (2) daily
wind direction, and (3) daily maximum wind speed. The dry
season, which is characterized by very low absolute humid-
ity values ranging from 2 to 7 g m�3, can be distinguished
very clearly on Figure 5a. During this period, the ITCZ is
south of the measurement site and the fact that only a few
humidity peaks are observed within the surface boundary
layer shows that incursions of southern humid air masses to
Banizoumbou are rather rare. In the meantime, the prevail-
ing winds blow from the northeast direction (average
direction is 45� on Figure 5b), which is typical of the

Figure 4. The two IPC samplers standing above the buried container (note the access trap to the
container on the right of the samplers and the air conditioning system) and the PM10 Rupprecht and
Patashnick Inlet. The field sparsely covered with millet straws is typically grazed by cows during this
period of the year.
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