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[1] In February 2004, a spectacular dust event was observed in the south of France.
Associated with huge particulate matter deposition, unusual 137Cs concentrations were
found in samples. Using the transport model CHIMERE-DUST, we first show that these
dust aerosols came from North Africa. More precisely, the question is whether this
sudden increase of measured 137Cs concentrations was due to a huge amount of dust over a
large region (with an usual radionuclide content) or due to an import of more concentrated
air masses over a limited area. This question is connected to the open debate about the
contribution of 137Cs concentrations in Europe from ‘‘Gerboise’’ sites, where former
French nuclear tests in the 1960s were performed. With the model in scenario mode, this
study attempts to track down 137Cs concentrations recorded in the south of France. To
quantify the origin and percentage of dust originating from North Africa to the south of
France, three simulations are performed: (1) with the complete dust emissions inventory of
Africa, (2) with only emissions in the eastern Maghreb, and (3) only considering the
Gerboise sites. It is showed that the majority (80%) of the dust was coming from eastern
Maghreb, but only 0.7% of the African emissions were from Gerboise, leading to 1–5% of
the concentrations recorded in the south of France for the day of the peak.

Citation: Menut, L., O. Masson, and B. Bessagnet (2009), Contribution of Saharan dust on radionuclide aerosol activity levels in

Europe? The 21–22 February 2004 case study, J. Geophys. Res., 114, D16202, doi:10.1029/2009JD011767.

1. Transport and Deposition of Radionuclides in
Particulate Matter

[2] The deposition of particles containing anthropogenic
radionuclides is studied because they are commonly used as
tracers to discriminate the origin of long-ranged transport
particles [Igarashi et al., 2001, 2005; Fukuyama and
Fujiwara, 2008]. Even if concentrations are very low
(without harmful effects), soils samples sometimes contains
radionuclide concentrations slightly up to the usual back-
ground values. The origin of this amount is recognized to be
due to former global weapons tests [Aoyama et al., 2006].
[3] The identification of sources may be complex because

the radionuclides bound to aerosols may be deposited and
after resuspended in the atmosphere, and so on, leading to a
dilution effect and homogenization both in time and space.
For example, the contaminated soils of Chernobyl caused
severe health damages just around the site, but also long-
range transport and soil contaminations far from the site
[Pollanen et al., 1997]. But after more than 20 years, it

becomes difficult to know if an air mass, locally emitted,
contains materials from Chernobyl or not [Wagenpfeil et al.,
1999; De Cort, 1998]. Only a fine isotopic study is thus able
to discriminate the real origin of such samples. Papastefanou
et al. [2001] suggested that Chernobyl particles may be
reemitted from remote sites, including the Saharan region.
But, a Chernobyl pollution of Sahara is not clear and Brandt
et al. [2002] showed that the plume did not reach the north of
Africa during the week of the accident.
[4] From measurements in sand in North Africa (mostly

in Algeria), Baggoura et al. [1998] showed the most
important activity levels are found near the Mediterranean
sea. The Saharan part of the country exhibits the lowest
measured levels. More recently, Danesi et al. [2008] pre-
sented local measurements of radionuclides in the former
French nuclear weapon test sites in Algeria, where the
‘‘Gerboise’’ experiments took place. For black fragments
of fused sand, and for a very specific small surface, samples

had the concentrations of 137Cs = 29.103 Bq kg�1. Danesi et
al. [2008] more generally concluded that local activity is

very small and not harmful for inhabitants in this region.

However, they also suggest to promote a new measurement

campaign to explore more sites. Latitudinal band from 20�N
to 30�N in which Sahara is present also receives part of the

so called global fallout from worldwide nuclear tests con-

tributing to a background anthropogenic activity level in

soil [United Nations Scientific Committee on the Effects of

Atomic Radiation, 1982]. Nevertheless, measurements in

sand do not reflect the 137Cs concentrations in aerosolized
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matter because 137Cs is preferentially absorbed onto fine silt
particles [Campbell et al., 2008].
[5] On 22 February 2004, a huge dust event occurred in

the south of Europe. Huge quantities of dust were deposited:
values were so high that instruments became unusable. The
event was identified as coming from the Sahara. In this
paper, we will try to add some inputs to answer the
following question: Is it possible that particles with high
activity levels, issued from former nuclear tests, significantly
contribute to 137Cs concentrations in dust analyzed in the
south of France? To answer this question, we use the
CHIMERE-DUST model [Menut et al., 2007] in a scenario
mode (with three different dust emissions inventories) and
measurements of surface particulate matter (PM) and 137Cs
concentrations. Section 2 is devoted to present the studied
case, the 21–23 February 2004 period and all related
measurements. Section 3 presents the dust production and
transport model used for this study, CHIMERE-DUST.
Finally, section 4 presents the results of this study and
concludes on the relative amount of dust coming from a
potentially contaminated site.

2. Dust Episode on 22 February 2004

[6] The Saharan dust events have been recognized to have
a non negligible impact on the Particulate Matter (PM10)
surface concentrations recorded in Europe [e.g., Putaud et
al., 2004; Lyamani et al., 2005; Escudero et al., 2007;
Vanderstraeten et al., 2008]. Their contribution is added to
the local production, mostly because of local resuspension.
This local production is viewed as a ‘‘background’’ contri-
bution, regular in time and mainly depending on the season.
Moreover, the long-range transport of dust coming from the
Saharan region is more sporadic and intense: but it was
shown that even far from the sources, it may contribute
significantly to the local PM budget [Colette et al., 2008].
[7] In the same time, and for the period of February 2004,

measurements of 137Cs were performed by a French insti-
tute (IRSN) in deposited dust samples and showed unusual
values. Usually, background trace levels are more or less
constant during the year. With a continuous analysis of
particles in the Canary Island Tenerife, Karlsson et al.
[2008] showed that it is possible to correlate some saharan
dust outbreaks to 137Cs concentration levels. For the most
important recorded values, the back trajectories crossed
over Morocco, west Sahara, Algeria, Mali and Mauritania.
In order to check the possible origin of these radionuclides,
Masson and Cautenet [2005] estimated and compared 137Cs
and 239+240Pu concentrations. If the ratio of 137Cs/239+240Pu
is greater than 40 it is admitted that an additional source
than global fallout is involved [Pollanen et al., 1997;
Brandt et al., 2002; Kulan, 2006]. If the ratio is in the
range 30–40, the origin of the episode may be related to
global nuclear tests. Issued from deposited samples, other
measurements showed that the recorded levels were 137Cs =
38 Bq kg�1 dry, 239+240Pu = 1 Bq kg�1 dry and 241Am =
0.46 Bq kg�1 dry. With a ratio of 137Cs/239+240Pu = 37.14,
this event is certainly not due to local resuspension matter or
long-ranged Chernobyl recirculation. In terms of deposition,
this single event represents a deposition equivalent to that
recorded on average over nine months.

[8] Figure 1 presents measurements of atmospheric con-

centrations of 137Cs recorded for several sites in France and
for the first four months of 2004. All measurements are
related to cities in the whole France, and the southern
location is La Seyne sur mer. This is the place of the
highest peak recorded, the only site where the 10 days
averaged measurements is greater than 1 mBq/m3. The peak
time corresponds to the studied period of February 2004.
[9] Table 1 shows daily radionuclide measurements done

in southern France and for the studied episode of February
2004: Ajaccio, Cadarache, Nice and Montfaucon (see
Figure 2 for locations). These data are issued from the
OPERA French network as described by Bouisset et al.
[2004]. The network includes more than 1500 measure-
ments of activity levels in air and soils. Several species are
monitored and uncertainty values are available for some of
them, depending on the detection level of each instrument
and the time variability of the measured event. In the case of
this study, no uncertainties values were available with the
measurements used.
[10] Values are in mBq m�3 and showed the increase of

7Be, 210Pb (natural radionuclides) and 137Cs (anthropogenic
radionuclide) levels in air when the dust plume flew over
the south of France. The radionuclides concentrations are
clearly higher, but this is not a proof of more contaminated
particles as values are linearly linked to the dust concen-
trations themselves: it is possible to have more 137Cs only
because there is more dust, not because dust are more
contaminated.
[11] Integrated data are also available with OPERA: for

a period ranging a few days around this episode (20–
25 February 2004), values were recorded at La Seyne sur
Mer (same model grid cell than Saint Louis in Figure 2) with
137Cs = 1.96 mBq m�3, corresponding to 4 times more than
the annual mean value. The assessment of the activity level
at the time of the peak of PM10 recorded locally (only during
the dust passage (21–22 February) yields to 5.4 mBq m�3. In
mass, the activity level is measured at 20 to 38 Bq kg�1

corresponding to 3 to 6 times the annual average for this
site. This latter in mass shows that this saharan dust sampled
in France are more marked than usual local dust.

3. Model Setup

3.1. General Model Design

[12] Two different models are used in this study: the first
one, CHIMERE [Bessagnet et al., 2004], is used to compute
surface concentrations of particulate matter (PM) inside
Europe. These PM are only originated from anthropogenic
and biogenic emissions calculated in western Europe. They
include dust issued from emissions and resuspension as
described by Vautard et al. [2006]. The second model is
CHIMERE-DUST: this is a specific version of CHIMERE,
with a larger domain (see Figure 2) and dealing only with
Saharan dust emissions and transport.
[13] Apart these differences, both models characteristics

are the same: they are off-line models and the meteorology
is calculated with the MM5 model forced by the NCEP
global meteorological fields. The horizontal analysis data of
NCEP [Kalnay et al., 1996] are provided on a regular
1.125� � 1.125�. These fields are used as boundary con-
ditions and nudging for the MM5 model [Dudhia, 1993].
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[14] Turbulent parameters as u*, the friction velocity and
h the boundary layer depth are estimated from the mean
meteorological parameters. The horizontal transport is per-
formed using the Van Leer scheme [Van Leer, 1979] and the
vertical mixing is estimated from the calculation of the bulk
Richardson number as extensively described by Menut
[2003]. Vertical transport includes both mixing and advec-
tion processes. Mixing is treated with an eddy diffusion
parameterization [Troen and Mahrt, 1986] while advection
is resolved using a first-order Upwind scheme. The dust
simulations are performed with a time step of 10 min and
the results are stored every hour for analysis.
[15] More precisely for CHIMERE-DUST, the dust emis-

sion scheme used in the model is the Marticorena and
Bergametti [1995] scheme. It computes horizontal saltation
fluxes from wind velocities and surface features for the
‘‘EMISSIONS’’ area (Figure 2) using a two-parameter
Weibull distribution for the wind speed [Menut, 2008].
The dust vertical fluxes are computed by using the Alfaro
and Gomes [2001] parameterization, numerically optimized
following Menut et al. [2005]. The vertical fluxes are
calculated corresponding to three dust size modes, then
redistributed into the model size bins using a mass partition
scheme. The wet deposition scheme is that described by
Loosmore and Cederwall [2004]. The dry deposition velocity
is parameterized following Venkatram and Pleim [1999].
[16] The horizontal domain has an horizontal resolution

of 1� � 1� and is displayed as the ‘‘CHIMERE-DUST
domain’’ frame in Figure 2 and with �100� < longitude <
+80� and �5� < latitude < +65�. Vertically, 30 levels are
defined from the surface to 200 hPa. The vertical resolution
is about 50 m in the boundary layer until 2 km in the upper
troposphere.

3.2. Modeling the Case Study

[17] For CHIMERE, the model setup is the one used for
the PREVAIR French air quality daily forecast [Honoré et
al., 2008].
[18] For CHIMERE-DUST, the simulation was per-

formed from 1 February to 5 March 2004, in order to
completely cover the whole period (with a correct spin-up).
Three different simulations are performed:
[19] 1. The ‘‘all’’ configuration corresponds to the orig-

inal version of the CHIMERE-DUST model with the

complete surface emissions inventory, as used by Menut
et al. [2007].
[20] 2. The ‘‘eastern Maghreb’’ configuration corresponds

to a specific version of the emissions: only the area
encompassing the eastern Maghreb (see map in Figure 2)
is considered for dust emissions. All other dust emissions
fluxes are set to zero.
[21] 3. The ‘‘Gerboise’’ configuration is the same as the

previous one, but only emissions over the Gerboise small
areas (1� � 1�) are considered. This latter configuration
enables us to quantify the relative amount of dust due to the
Gerboise site only.

4. Model Results

4.1. Time Series of Particulate Matter Surface
Concentrations

[22] Figure 3 presents time series of surface concentra-
tions for two sites in the south of France: Avignon and
Saint-Louis. The symbols represent the measurements and
the solid black line the corresponding PM10 values mod-
eled with CHIMERE in the same configuration as in the
work by Honoré et al. [2008] without dust for boundary
conditions. This version allows to calculate the PM10
related to anthropogenic activities only. The colored curves
represent the CHIMERE-DUST model: in this case only
dust emitted in northern Africa are considered. Compared to
measurements, the results clearly show that missing PM
concentrations are due to Saharan dust, confirming the
Saharan origin of this episode.
[23] The modeled dust peak value is close to the mea-

sured one. The time of the modeled dust is centered on the
measured one, with a larger extension meaning that the
model estimates a peak slightly too early and the plume
stays more longer than what was observed.
[24] The ‘‘eastern Maghreb’’ contribution is the major

part of the dust modeled in the south of France. It is
noteworthy that the sole ‘‘Gerboise’’ site contribution is
rather low. With maxima values of 2 to 5 mg m�3, the net
contribution of ‘‘Gerboise’’ remains low in mass compared

Figure 1. Time series of surface 137Cs concentrations (in
mBq m�3) measurements done in France by the OPERA
network.

Table 1. Daily Averaged Values of 7Be, 210Pb, and 137Cs at

Ground Level for 19–22 February 2004a

Date 7Be 210Pb 137Cs

Ajaccio
19 Feb 3000 ± 1220 740 ± 90 <0.7 ±
21 Feb 1430 ± 770 450 ± 60 2.2 ± 0.5
22 Feb 4400 ± 2200 860 ± 100 7.4 ± 1.3

Cadarache
19 Feb 3050 ± 360 805 ± 70 <1.2
20 Feb 2230 ± 260 460 ± 40 <0.7
21 Feb 1690 ± 210 350 ± 35 2.2 ± 0.6
22 Feb 1550 ± 220 440 ± 40 2.2 ± 0.6

Nice
19 Feb 4200 ± 825 1150 ± 100 <1.3
20 Feb 3100 ± 550 490 ± 50 <1.3
21 Feb 1300 ± 330 290 ± 35 1.2 ± 0.85
22 Feb 570 ± 250 165 ± 20 1.6 ± 0.5

Montfaucon
19 Feb 1900 ± 450 525 ± 50 <0.9
20 Feb 1800 ± 425 410 ± 40 <1.1
21 Feb 1590 ± 415 560 ± 50 1.5 ± 0.6
22 Feb 2550 ± 550 640 ± 60 3.5 ± 0.9

aUnit is mBq m�3.
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Figure 2. (top) CHIMERE-DUST model domain, including the specific emissions domain
‘‘EMISSIONS.’’ (middle) A zoom on the domain and the modeled and measurements sites, including
the area called ‘‘Gerboise bleue.’’ (bottom) A zoom on the stations where 137Cs was analyzed and/or PM
stations are located.
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to the huge PM surface concentrations measured and
modeled. Moreover, the peak time of the ‘‘Gerboise’’ dust
shows a good timing with the 137Cs peaks recorded in the
south of France.

4.2. African Dust Surface Concentrations

[25] To highlight the relative contribution of ‘‘eastern
Maghreb’’ and ‘‘Gerboise’’ compared to the ‘‘all’’ simula-
tion, Figure 4 presents surface concentrations times series.
Values are displayed for remote sites in the northern Africa
(Ouargla), southern parts of France (Cadarache, Ajaccio)
and Italy (Lampedusa, Rome).
[26] For the ‘‘all’’ simulation, surface concentrations

present peaks at several time. From the Julian day 51
(20 February) to 53 (22 February), the model estimates
very high surface dust concentrations with a magnitude in
agreement with surface measurements. The most important
values are estimated for the two islands: Ajaccio in Corsica
and Lampedusa. In this case, the high values may be
linked to the specific dynamic of the marine boundary
layer, having a lesser extent than over land and thus
concentrating dust during the transport above the Mediter-
ranean sea.
[27] The same trend is observed for the ‘‘easternMaghreb’’

model configuration. The absolute values are slightly lower
but the time phase is the same and, for each individual site,
the peak time is close to the ‘‘all’’ simulation.

[28] For the ‘‘Gerboise’’ simulation, values are lower,
with a maximum of 20 mg m�3 in Ouargla (Algeria), the
relative contribution of Gerboise in concentration is low.
For the southern France and Italy sites, the maxima are
never higher than 5 mg m�3 and peak times are the day
before the studied day (21 February 2004).
[29] Figure 5 shows surface concentrations as maps and

for 22 February 2004 (0000 UTC), for the ‘‘all,’’ ‘‘eastern
Maghreb’’ and ‘‘Gerboise’’ simulations. The main part of
the plume is clearly coming from the Sahara and is trans-
ported toward the south of France and Italy. The ‘‘eastern
Maghreb’’ simulation shows the same pattern than the ‘‘all’’
simulation, except in the south. For the northern part of the
plume, this is clear that the most of aerosols observed in
Europe originated from this region. The ‘‘Gerboise’’ simu-
lation shows a less diffuse plume, with a clear shape from
the Gerboise site to the southern France surface stations
where high 137Cs concentrations were analyzed.

4.3. Relative Contribution: Cumulated Results

[30] The relative contributions of ‘‘eastern Maghreb’’ and
‘‘Gerboise’’ are presented. First, integrated results are pre-
sented in Figure 6 as ratios of Int(Gerboise)/Int(all) and
Int(eastern Maghreb)/Int(all). Time series show the relative

Figure 3. Surface time series of surface PM10, measured
and modeled with CHIMERE, and surface dust concentra-
tions modeled with CHIMERE-DUST for the three
configurations ‘‘all,’’ ‘‘eastern Maghreb,’’ and ‘‘Gerboise.’’
Day 53 is 22 February 2004.

Figure 4. Dust surface concentrations (mg m�3) for
several sites in southern France and Italy. Day 53 is
22 February 2004.
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contributions of the surface emission fluxes, the atmospheric
burden (dust load over the whole domain), the dust surface
concentrations and the dry deposition fluxes. If the percen-
tages are between 0 and 100% for the ‘‘eastern Maghreb’’
configuration, the maxima never exceeds 1% for the
‘‘Gerboise’’ contribution.
[31] It is interesting to note that ‘‘eastern Maghreb’’ is a

major contributor of the modeled dust two times during the
period. The second time, for days 52 (21 February 2004)
and 53 (22 February 2004), the surface emissions are close
to 100%. Because of dry deposition and emission magni-
tudes, possibly different from one place to another, the

contribution to surface concentrations are less than 50%.
This is different for ‘‘Gerboise.’’ Its contribution is 0.285%
for the emissions fluxes, 0.275% for the atmospheric burden
and 0.267% for the dry deposition. These close values show
the model domain used covered the whole contribution:
there is no matter leaving the domain on its boundaries
(lateral and top). Thus the following analysis of the relative
contribution of Gerboise could not be biased by boundaries
effects. It also shows that the small area representing the
Gerboise site is not a major contributor to the atmospheric
dust emitted. But the most important values occurred for the
studied event: for days 52 and 53 (21 and 22 February 2004,
respectively), ‘‘Gerboise’’ represents 0.7% of the total
emissions, dust load and surface concentrations as well as
dry deposition fluxes. This shows that for this specific
event, and over the whole domain, the relative contribution
of ‘‘Gerboise’’ is four times higher than on average.

4.4. Relative Contribution: Surface Concentrations

[32] For selected target sites, a ratio of the surface dust
concentrations between ‘‘Gerboise,’’ ‘‘easternMaghreb’’ and
‘‘all’’ are performed. The results are presented in Figure 7. In
this case, the values are only taken at the mesh cell
corresponding to the site location.
[33] For the ‘‘Gerboise’’/‘‘all’’ results, the first peak is the

most important one and corresponds to the northern Africa

Figure 5. Surface concentrations for the 22 (0000 UTC)
February 2004. (top) Dust emissions only in the ‘‘Gerboise’’
corresponding grid cell, (middle) dust emissions only in the
‘‘eastern Maghreb’’ grid cells, and (bottom) the complete
dust emissions inventory.

Figure 6. Ratio of cumulated dust emissions fluxes, dust
concentrations (load and surface), and dry deposition fluxes
over the whole domain for (top) the ‘‘Gerboise’’ and ‘‘all’’
and (bottom) the ‘‘eastern Maghreb’’ and ‘‘all’’ configura-
tions, in %.
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site, Ouargla in Algeria. It corresponds to 20 February
around 0800 UTC and shows that the relative contribution
of the Gerboise site may reach 29.44%. The other peaks are
for the following days, 22 and 23 February, and correspond
to the time for the plume to cross the Mediterranean Sea.
The second important peak is in Corsica and is 6.16%.
Toward the east, the third peak is modeled in another island,
Lampedusa and is estimated to be 17.42%. For the sites in

the south of France, where 137Cs concentrations and masses
were analyzed, the maxima of relative contributions are
�1.8% for Saint Louis and 0.8% in Avignon. In these cases,
the relative contribution of ‘‘Gerboise’’ is 9 and 4 four times
higher than in average.
[34] This is in a lesser extent than for the ‘‘eastern

Maghreb’’/‘‘all’’ results. The percentage are always between
40 and 100%. For 22 February 2004, the mean contribution
is �70% for the sites located in the south of France. But
contrarily to the ‘‘Gerboise’’ configuration, the relative
contribution of ‘‘eastern Maghreb’’ do not show a specific
peak for the studied day.
[35] In order to have another view of ‘‘Gerboise’’ and

‘‘eastern Maghreb’’ impacts on the southern parts of
France and Italy, maps of surface dust concentrations
ratios, cGerboise/call are displayed in Figure 8 (left) and
ceastern Maghreb/call in Figure 8 (right). Two dates are
presented: 22 and 23 February 2004 at noon. The contri-
bution of ‘‘Gerboise’’ is clear with a plume going from
northern Africa to the south of France and Italy. The most
important relative contributions are in the northern Italy
with values around 20%. For the ‘‘eastern Maghreb’’
contribution, the percentages mainly show that the more
or less whole amount of dust particles recorded in Europe
are coming from this area.

4.5. Capability to Link the Source and All Remote
Measurements

[36] It is clear that, for the studied period, the relative
contribution of the Gerboise site is higher than in average.
In addition, this is remarkable to see that the ‘‘Gerboise’’
plume was transported just above the sites where high 137Cs
masses were recorded. Thus, we can made the hypothesis
that a non negligible amount of the recorded 137Cs originates
from the ‘‘Gerboise’’ site. The main lack is missing local
measurements of aerosols: the only measurements found in
the literature are soil samples done by International Atomic
Energy Agency (IAEA) [2005].
[37] A climatological value of 137Cs around the Sahara

(including the south of France) was found to be 34 ± 1.9 Bq/
kg [Igarashi et al., 2005]. In the same time, the mean
activity value recorded during the episode is 38.7 ± 3.4 Bq/
kg during the whole day of 21 February. If we consider that
the difference between the two values is significant, we can
extrapolate the difference as the relative contribution of
Gerboise: 4.7 ± 10 Bq/kg. This represents 12% of the
activity levels recorded in La Seyne sur Mer, knowing that
only 0.8% of the modeled concentrations are from Gerboise:
this means that in Gerboise, local activity levels (Bq/kg) are
more or less ten times more intense than in the south of
France, i.e., �400 Bq/kg. This latter value would corre-
spond to an homogeneous concentrations in a model grid
cell (in our case a squared degree grid cell). The IAEA
report [IAEA, 2005] presents soil measurements over an
area of 2 � 2 km around the Gerboise site, as presented in
Figure 9: the horizontal gradient is stiff and concentrations
in soil samples decrease with 2 order of magnitudes from
the center of the experiment to a range of less than 1km.
This means that the value of 400 Bq/kg can be safely
considered as a minimum in the vicinity of Gerboise sites.
But without any additional measurements in the air of
aerosolized particles (and not only in the soils), this is not

Figure 7. Time series of concentrations ratios between the
different simulations: (a and b) the ‘‘Gerboise’’ and ‘‘all’’
and (c and d) the ‘‘eastern Maghreb’’ and ‘‘all’’ configura-
tions. Figures 7a and 7c show sites in northern Africa,
Spain, and Italy, and Figures 7b and 7d show sites in
southern France where 137Cs measurements are available.
For each plot, results are presented as cgerboise/call � 100 (%)
and calgerie/call � 100 (%).
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really possible to conclude about the real value of activity
levels in the vicinity of Gerboise during dust outbreaks.
[38] The next steps for this kind of study may be twofold:

the need of additional data is clear and it would be
recommended to measure dust concentrations in the atmo-
spheric surface layer all around the Gerboise site and
certainly during dust episodes. The second gap is the exact
size distribution and mineralogy of these dust: after Vejsada
et al. [2005] and Cook et al. [2007, and references therein],
it is known that 137Cs is mainly fixed on clay, the fraction of
the smallest particles in the size distribution (<2 mm). This
may explain that soil samples have relatively low activity
levels (a large amount of mass for a relative low amount of
fine particles) when dust in the atmosphere may have a
relatively highest activity level: the largest particles are
deposited in the vicinity of their emissions and only the
fine particles, clay with 137Cs, are transported far away.

5. Conclusion

[39] In this paper, the dust event of 21–23 February
2004 was studied. First using a chemistry transport model
CHIMERE and a specific dust version CHIMERE-DUST, it
was showed that this particulate matter event observed in
the south of France was due to a major Saharan dust event.
The model is close to the measurements done by air quality
networks and enables us to explain huge concentrations
documented during these days.
[40] In parallel, 137Cs measurements were done during

this period in the south of France by the OPERA network
and showed unusual 137Cs concentrations and deposited

masses. The ratio of 137Cs/239+240Pu also showed that the
samples are not originated from Chernobyl. The question is,
Is the sudden increase of measured 137Cs only due to a huge
amount of dust (with an usual radionuclide content), import
of highest contaminated air masses, or both?

Figure 8. Maps of surface dust concentrations ratios of (left) cGerboise/call and (right) ceastern Maghreb/call
expressed in percentages.

Figure 9. Surface isopleths of soil activity levels measure-
ments as presented by IAEA [2005]. From the center of the
curves (i.e., the nuclear experimental mast) and the last
measurement point, the horizontal gradient ranges from 2
MBq/m2 to 0.02 MBq/m2 over a distance of less than 1 km.
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[41] Related to this region, the question may be focussed
on the ‘‘Gerboise’’ site where former French nuclear tests in
the 1960s happened. This constitutes an always open
discussion about a potential contribution or not of this
region on radionuclide activity levels.
[42] The first a priori conclusion would be no: the nuclear

tests cannot be at the origin of these 137Cs concentrations.
Several studies showed that local soil activity levels at the
Gerboise site are now negligible. In addition, the isotopic
study gives a ratio typical of the global fallout from all the
nuclear weapon tests that were performed in the atmosphere
between 1945 and 1980; and not a typical signature that
could be attributed to the four French nuclear atmospheric
tests.
[43] In this paper, a dust transport model, CHIMERE-

DUST, was used in a scenario mode, to estimate a first
quantification of the relative amount of the eastern Maghreb
(a region encompassing Gerboise) and Gerboise itself on the
surface dust concentrations observed in the south of Europe.
[44] Three model simulations were performed: one with

the ‘‘complete’’ dust emissions inventory of CHIMERE-
DUST and two others with reduced emissions inventories:
eastern Maghreb and Gerboise (a squared area of 1� � 1�).
First, it was shown that the averaged contribution of
Gerboise on the total amount of dust is 0.28%. When
looking more precisely day by day, it was shown that this
relative contribution suddenly increase until 0.7% for the
days of the episode. This is rather low compared to the
whole contribution of the eastern Maghreb: 40 to 50% of
the dust modeled in the south of Europe.
[45] For specific sites in the south of France, the relative

‘‘Gerboise’’ ratio increases again and reached 1.8% in Saint-
Louis, a site near La Seyne sur Mer where 137Cs mass was
recorded 6 times higher than the usual averaged values.
[46] These remote percentages of concentrations were

discussed in the same time than the local Gerboise soil
measurements: considering the affinity of 137Cs on clay, the
important horizontal gradient in the vicinity of Gerboise and
the capability of dust to be transported toward remote sites,
it seems clear that Gerboise concentrations may be impor-
tant. But it was also highlighted that actual data and
knowledge are not sufficient to propose more acute con-
clusions. Recommendations were done in order to more
precisely quantify the real activity levels of aerosols emitted
in the Sahara and transported in the south of France.

[47] Acknowledgment. Philippe Hubert (INERIS) is acknowledged
for fruitful scientific discussions.
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