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Abstract. Air-transferred solid material accumulated for 40 years in different places in an urban area,
Grenoble city, France. An appropriate fractionation procedure allowed to separate: 1) a coarse inorganic
fraction, 2) a coarse organic fraction, 3) a slowly depositing organo-clay fraction and 4) very fine particles.
The composition of each fraction was determined for 20 elements and for isotopic lead signature. The
organo-clay fraction was especially rich in Ag, Cd, Co, Cr, Ni and Ti. The sand fraction showed very high
concentrations specifically in Cu, Pb and Fe. In contrast, Cd and Zn were mainly accumulated in the coarse
organic fraction. The SEM-EDX study of the coarse inorganic fraction showed the presence of red particles
associating Pb and Fe, black particles rich in Cu and typical fly ashes originating mostly from iron industry.
This sand fraction is suspected to contribute to the contamination of the organo-clay fraction through
adsorption. The Pb-Fe contamination likely originates from the neighbouring road surface contaminated by
car traffic for several decades. The 206Pb/207Pb ratio showed that these street dust samples may contain up to
50% of lead originated from leaded gasoline additives, twelve years after their prohibition. All these features
clearly differ from the composition found for the deposit on tree bark in the same place. These results
demonstrate that the deposition over several decades is a very complex phenomenon which requires
multi-techniques investigations to be understood thoroughly. They also show that large dense particles which
can only be transported on a limited distance by high magnitude events may play a major role in the long-term
contamination of urban soils.
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Introduction
Atmospheric contamination by diverse components of
natural or anthropogenic origins is a subject of great
concern (e.g., Zereini et al., 2005), as is the case for
water pollution (e.g., Mondal et al., 2010), and especially
for particulate metals in urban environment (e.g.,
Harrison et al., 1997). For animals having a respiratory
system adapted to terrestrial conditions, including
humans, there is a toxicological danger in direct
inhalation of atmospheric particulate matter (e.g., Costa
and Dreher, 1997). However, a second type of danger
may exist for different kinds of living beings, which
depends on the uptake, through several ways, of a
mixture of particles of atmospheric origin deposited on
the earth surface. Such an exposure occurs mainly
through transcutaneous transfer or digestive uptake
(Laidlaw and Filippelli, 2008). The functional

perturbations which may affect living organisms as well
as ecosystems heavily depend on the rate of deposition of
the atmospheric components. It is now well known that
this rate greatly changes from one place to another, with
a great part played by terrestrial relief and climatic
factors (e.g., Kume et al., 2009). Consequently, severe
biological disturbances may appear in places submitted
to a high-rate deposition of atmospheric pollutants as it is
the case in mining estates (Cirera et al., 2009) or in
volcanic regions (Amaral et al., 2008). Thus, it is crucial
to identify such contaminated places, try to suppress the
emission of the involved pollutants and use remediation
strategies (Kidd et al., 2009).
The measurement of atmospheric deposition on tree
barks or lichens has been a useful tool used for years in
the detection of these heavily-polluted places as these
matrices are more satisfactory than soil (Bargagli, 1998).
However, these matrices were difficult to use accurately
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for studying deposition over periods longer than one or
two decades. It would be valuable to look for other
matrices having the obvious ability of accumulating
atmospheric deposits over a longer time. Results of
several fruitful attempts were previously published in
which new matrices such as bark pockets (Bellis et al.,
2002), attic dust (Cizdziel and Hodge, 2000) or ceiling
dusts (Davis and Gulson, 2005) were studied.
In this report, we sampled street dust in different
places and structures of the Grenoble city, France. The
atmospheric deposition on trees in this urban area was
extensively studied between 2004 and 2010, allowing
accurate comparisons (Catinon et al., 2008; 2009; 2011).
Materials and Methods
The experimental sites chosen for this study were: (1) a
bike shed made of concrete and built on 1970 in the
University Campus (University Joseph Fourier, Saint
Martin d’Hères, Isère, France). This site stands 800 m
away from the A41 highway Grenoble-Chambéry with a
50 000 vehicles/day traffic and 4 km away from the
center of the town (150 000 inhabitants) at an altitude of
200 m, in the Isère River valley, surrounded by
mountains reaching altitudes over 2000 m. (2) a car park
in a residential area built in 1970 and never cleaned for
street dust and stands 1 km away from the site. (3) a
street sewer inlet constituting a dust trap for an unknown
duration in the city centre. After fractionation (Catinon et
al., submitted), the organic matter content was
determined using loss on ignition. The trace and major
element content was determined by inductively coupled
plasma – mass spectrometry (ICP-MS) after total
digestion. Lead isotope ratios (206Pb/207Pb) were
measured in the digestion solutions that were also used
for elemental concentration determinations, after
appropriate dilution, using a ICP-QMS (Ayrault et al.,
2012). Sample characterisation was performed using
Scanning Electron Microscope (SEM), allowing a spatial
resolution down to 1.0 nm, coupled to an Energy
Dispersive X-ray (EDX) microanalysis system.
Results and Discussion

The particles trapped in the street dust samples were
very heterogeneous for the size and density, as well as
for their origins (biological, geogenic, anthropogenic).
It obviously results from complex transfer processes:
slow deposition of small particles during low-speed
wind periods, wet deposition during rain or fog events,
and transfer of heavy material during storms. Such
trapping is probably not completely cumulative as
high magnitude events might partly disperse the
previously accumulated particles. However, the results
obtained on this material proved a long-term
accumulation of urban pollutants in these street dust
samples. Due to their high heavy metal concentration
shown by ICP-MS coupled to the presence of pure
crystals of these metals as shown by SEM-EDX
analysis, we concluded that the source of the dense
particles seems obviously anthropogenic and located

for one part at a limited distance from the studied
place. The nature of some metallic particles, their
shape and lack of polishing suggest that contamination
may partly originate from car metallic components
wear (Sternbeck et al., 2002). Three metallic
contaminants (Cu, Fe, Pb) reach their highest
concentrations in the coarse inorganic, sandy, fraction.
The large amounts of the same metals found in the
organoclay fraction suggest that they are likely to
result from a low distribution from sand to dispersed
forms which would adsorb on clay or organic matter.
However, the opposite exchange may be also
considered which would be crystallization on sand
grains from the adsorbed amount or directly from the
atmospheric deposit, giving the structures associated
to sand and seen in SEM-EDX analyses (Fig. 1).
When considering the elements content of the dust and
comparing it to the deposit on tree bark of the same
age, several elements show that the street dusts are
significantly enriched in Pb, Cd, Cu, Co, Zn and As.
When comparing the dust element content to the
reference UCC (Taylor and Mc Lennan., 1985), the
enrichment factor (EF) showed very high enrichment
for Pb, Cu, Cd and Zn in the dust. The distribution of
Pb, Cd, Cu, Co, Zn and As among the different
fractions allows to range these elements, known as
urban pollutants in two classes: (1) the elements such
as Cu or Pb which accumulate mainly in the coarse
inorganic fraction, and (2) the elements more
uniformly distributed but showing their major
accumulation in the coarse organic fraction (Cd, Zn,
Co, and As). This discrepancy is probably related to a
difference of solubility of the different elements but is
also likely to depend on their ability to crystallize on
sand grains, which seems to be high for Cu, Pb and Fe,
as shown by SEM-EDX pictures but low for Zn and
Cd. Another important factor may be their ability to
concentrate inside organic matter. The major
contaminating elements present in the dust confirm a
high contribution of car traffic emission due for one
part to leaded gasoline additives but, for another one,
due to brake or tyre wear (Fe, Zn, Co) as reported by
Thorpe and Harisson (2008). However, As and Co
high ratios may have another origin. Furthermore, Sb,
which seems to be a common component of brake
pads (Iijima et al., 2008), is not present in the
accumulated dust at a noteworthy high level. The
isotopic 206Pb/207Pb ratio and Fe, Zn and Co
concentrations found in the coarse inorganic fraction
suggests that this heavy sand fraction was a main sink
in which car exhaust and wear components could
concentrate and remain for years, as previously shown
by Sutherland et al. (2003). As shown by a sequential
extraction test, the dust is a source of gasoline type
lead to the environment through remobilisation by
water. Some of the deposits associated to sand grains
shown by SEM-EDX in our work may result from iron
particles issued from car exhaust-pipes, on which
dispersed, liquid Pb could adsorb and crystallize
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Fig. 1. SEM picture and EDX spectra showing the presence of Pb and Fe in the red sand grains. The spectra 1 and 3 are
similar to spectrum 2, showing the existence of a lead crystal. Spots 4 and 5 correspond to iron particles.

during cooling. From a more general point of view, it
appears that road surfaces, which are in close contact
with the vehicle emissions represent a main, long term
sink for traffic-emitted pollutants (either from exhaust
pipes or from abrasion), through crystallization,
adsorption or trapping inside lipophilic phases, tar for
instance (Nageotte and Day, 1998). As previously
suggested by Sutherland (2003), this phenomenon
may represent a major source of contamination.
Conclusion
The comparison of the two types of matrices (street dust
and bark deposit) suggests that the coarse dense particles
present in the dust may be at the origin of a secondary
contamination of the finest dust fraction through slow
transfer from sand to the fine atmosphere transported
particles (clay) and to the highly bioavailable water
soluble fraction during storms. If the accumulation of
high amounts of anthropogenic elements in the coarse
particles of road surfaces was demonstrated to be a
general feature, it would amount to a valuable archive
having high rate accumulation efficiency for metals such
as Pb, Cu and Fe over long periods of time.
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