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Les impuretés dans la neige 
C’est d’abord de l’aérosol atmosphérique… 

Black Carbon 
Brown Carbon 

OC Nitrate 
 
Sulfate 
 
Ammonium Dust 

Sel de mer 

J.-L. Jaffrezo et al.: Size distribution of EC and OC in the aerosol of Alpine valleys 2923

ionic species of interest for the understanding of the processes involved. This sample shows a 

structure of the sub micron size distribution dominated by the droplet mode, which includes large 

amounts of sulfate, OC, EC, and nitrate. Shoulders on the left side of this mode indicate an 

accumulation mode that comprises some EC, OC, nitrate, but apparently only a very small 

amount of sulfate. The Aitken mode is well developed and apparently includes only OC, with 

minimal contribution from sulfate or any other species mentioned. This last point was also noted 

in Pasadena (CA, USA) in a study conducted in February, with much larger concentrations of 

OC than sulfate in the ultrafine (0.056 to 0.097 µm) size range (Hughes et al., 1998). The shape 

of the super micron mode is well described by the evolution of calcium concentrations, with a 

peak in the diameters between 2.5 and 4.0 µm. Associated with that species from a crustal origin, 

one can find the larger mass fraction of nitrate, as well as a large fraction of OC. No sulfate is 

included in that mode, an indication that the processes involved in its evolution may not include 

any wet phase but are dominated by gas / particles exchanges. 
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Figure 14 : daily size distributions of the concentrations of OC, EC, sulfate, nitrate, and calcium 

obtained in Orelle (rural site in the Maurienne Valley) on June 27th, 2003. 
 

Overall, as also indicated by average values in Table 3 and Figure 10, these evolutions of 

the size distributions are in line with further impact of the aging processes (gas / particles 

exchanges, addition of mass in the droplet mode) from the suburban case to the rural one. 

 
5. Conclusions 
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Fig. 14. Daily size distributions of the concentrations of OC, EC,
sulfate, nitrate, and calcium obtained in Orelle (rural site in the
Maurienne Valley) on 27 June 2003.

However, on a case by case basis, the processes involved
are most probably more complex, as exemplified with
Fig. 11 presenting the size distributions of EC and OC in
parallel with that of some ionic constituents, for a sample
obtained in winter conditions (from 21 January 08:00 LT
to 22 January 08:00 LT). This figure shows that the mode
centred in the interval 0.40 to 0.65µm (as described earlier)
includes OC, EC, and K+, this last species being a strong
indication of the impact of residential wood burning emis-
sions on the formation of that mode. However, this figure
shows another mode, externally mixed with the first one
and centred between 1.0 and 1.6µm that includes nitrate,
sulfate, and oxalate. A shoulder in the OC concentrations
(but not visible for EC) indicates that some mass fraction
of OC is also included in this mode. Another mode in
the super micron range exists (centred between 2.5 and
4.0µm), albeit with a very low mass fraction, as detected
with concentrations of calcium of a few ngm�3 (not shown).
It may include a small fraction of sulfate, as indicated by
a shoulder on the right side of the size distribution of this
species. We are currently unable to propose any hypothesis
to explain the formation processes leading to a mode with
diameter between 1.0 and 1.6µm, dissociated from the
droplet mode, even if the nature of the species included (all
of them having a secondary origin) points out to aqueous
production and/or exchanges between the gas and particle
phases. Despite all of this information, it is impossible to
affirm whether these distributions are actually induced by
some processes during the aging of the aerosol or result from
direct emissions. However, it should be noted that it is the
only such case, over the full week, of a large shift of sulfate
(and other species) towards a mode centred at about 1.5µm.
All other cases are more “classical”, with sulfate mostly
located in the accumulation and droplet modes together with
EC and OC (see for example Fig. 14).

Table 3. Average mass fraction (%) of EC and OC in each of 3 size
ranges for all sampling campaigns.

OC EC OC EC

Le Clos winter Orelle winter

Daero<0.17 µm 6 5 9 4
Daero>0.17 µm and <1.00 µm 71 86 65 74
Daero>1.00 µm 24 10 25 22

Le Clos summer Orelle summer

Daero<0.17 µm 10 7 13 5
Daero>0.17 µm and <1.00 µm 57 76 50 76
Daero>1.00 µm 33 17 37 18

b) Rural site

The size distributions of EC and OC in the rural case are
presented in Figs. 12 and 13, respectively. They show several
characteristics already described in the previous (suburban)
case, but bring additional information. Strikingly, Fig. 12
shows that the average size distributions of EC are totally
identical between the summer and winter periods, an indi-
cation that the extent of processing of the aerosol (for pro-
cesses concerning this species) is the same in the two cases.
The large submicron mode is most probably resulting from a
bimodal shape with fused accumulation and droplet modes.
The mass fractions of EC in the size ranges at both ends of
the spectrum (<0.1µm and>1.0µm) are really low, with no
sign of evolution between seasons (Table 3).
The average OC size distribution in winter (Fig. 13) looks

like that at the suburban site in Chamonix, with a maximum
in the droplet mode only, and no sign of bimodality with an
accumulation mode like for EC. There is no distinct mode in
other size ranges, but the mass fractions at both ends of the
spectrum (<0.1µm and >1.0µm) are higher than in Cha-
monix, which may underline some extent of processing by
gas/particle exchanges during transport to the site, even in
winter situations. The influence of these last processes is
clearly visible in the change of the average size distributions
from winter to summer with, like in Chamonix, larger mass
fractions in the Aitken and the super micron modes in sum-
mer (Fig. 13 and Table 3). Compared to the suburban case,
the shift of the droplet mode for OC towards the accumula-
tion mode is smaller, and the increase of the mass faction in
the Aitken mode is larger. All of these observations represent
indications of further aging than in the suburban case. Con-
versely, the increase of the mass fraction of OC from winter
to summer in the super micron mode is identical for samples
obtained at the two sites.
Figure 14 gives an example of a summer daily size dis-

tributions, for EC, OC, and some ionic species of interest
for the understanding of the processes involved. This sam-
ple shows a structure of the sub micron size distribution

www.atmos-chem-phys.org/acp/5/2915/ Atmos. Chem. Phys., 5, 2915–2925, 2005

HydroSoluble 

Absorbeurs fins: 
   - BC, insoluble 
   - BrC, soluble en partie 
 
Absorbeurs grossiers: 
   - Dust, insoluble 
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Relocalisation des impuretés lors du métamorphisme ? 
Image MEB de la neige après sublimation 

      Dominé et al, Microscopy Research and Technique 2003 

Sublimation courte:  
 
non volatiles (solubles ?) 
apparaissent aux triples 
jonctions 

Sublimation longue: 
 
Apparition d’un filament entre 
2 cristaux 

Dans tous les cas, suggère une relocalisation des solubles par le métamorphisme 
 ! Il faut considérer séparément les solubles et les insolubles  
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Mesures d’impuretés optiquement actives dans la neige 
Choix et compromis 

•  Filtration ou mesure directe ? 
  
•  si filtration, quel filtre, pour quelle efficacité ? 

•  mesure finale: chimique ? Optique ?  

?  
instrument 

instrument 

?  
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Détermination Thermo-Optique sur filtre 
Méthode « de référence », couramment mise en œuvre sur l’aérosol 

Voisin et al, JGR 2012; Cavalli et al, Atm. Meas. Tech. 2010 

•  principe du Sunset =  
•  pyrolyse – combustion contrôlée  
•  mesure du CO2 résultant (mesure « absolue ») 
•  suivi optique de la transmittance du filtre pour faire le 
tri entre EC (« noir ») et OC (purement diffusif) 

•  mesure précise pour 1 µg de Carbone sur le filtre 
(typiquement 1L de neige) 

Filtre  
quartz 

Sunset  
Instrument:  

EC/OC 
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Détermination Thermo-Optique sur filtre 
Méthode « de référence », couramment mise en œuvre sur l’aérosol 

Lim et al, Atm. Meas. Techn. 2014; Schwarz et al, Atm. Meas. Techn. 2012 

 
•  Efficacité de filtration testée par superposition de 2 
filtres : >90% (Ducret et Cachier, 1992; Lavanchy et al, 1999)  
  
•  estimée en mesurant la  
teneur en BC avant / après 
filtration (SP2) : plus faible,  
variable selon la neige 

 

 

Filtre  
quartz 

Sunset  
Instrument:  

EC/OC 
Que mesure-t-on  

vraiment ? 
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Détermination optique sur filtre : ISSW 
Grenfell et al, Appl. Opt. 2011; Doherty et al, JGR 2010, … 

•  Filtration sur Nuclepore 0,45 µm 
 
•  filtration testée par superposition de 2 filtres: > 90% …   

•  mesure spectrale d’épaisseur  
optique des particules sur  
le filtre (300 – 750nm): 
nonlinéarités… 

•  interprétation de cette  
mesure comme somme  
de 2 (voire 3) spectres, ce  
qui permet de déconvoluer  
BC, BrC, et Dust  

Intérêt:   mesure optique, plus simple à lier à l’optique dans la neige 
Défauts: efficacité de filtration mal testés 

slope of the absorption curve in the range 420 to
450nm for the ultraviolet wavelengths, and the
mean slope in the range 630–700nm is used for the
near infrared. To obtain the relative contributions of
the estimates of BC and non-BC material to the ab-
sorption of solar energy over the entire solar spec-
trum, the total and extrapolated absorption curves
are weighted by the incident spectral irradiance,
FoðλÞ.

The solar spectrum used here and shown in Fig. 8
is an example from summer in the Arctic Basin [34]
extended to 300nm using the SBDART model [35]
using the subarctic summer atmospheric profile.
The weighted curves (Fig. 9) are then integrated over
wavelength as follows to give the wavelength-
integrated relative absorption by all the material
on the filter (ETOT) and by BC (EMAX

BC ):

ETOT ¼
R
750
300 FoðλÞτTOTðλÞdλR

750
300 FoðλÞdλ

;

EMAX
BC ¼

R
750
300 FoðλÞτMAX

BC ðλÞdλR
750
300 FoðλÞdλ

:

ð6Þ

The estimated upper bound of fractional absorption
for BC and the corresponding minimum for non-BC
are given by the ratios

fMAX
BC ¼ EMAX

BC =Etot; fMIN
NBC ¼ 1 − fMAX

BC : ð7Þ

An advantage of this technique is that no assumption
is necessary concerning the Ångstrom exponent for
the non-BC material; however, this technique pro-
vides only a lower limit to the absorption by non-
BC because non-BC absorption is not negligible at
650–700nm in general.

B. Estimated Black Carbon

Our best estimate of the actual amount of BC and
non-BC material on the filter is obtained by exploit-
ing differences in the Ångstrom exponents for BC
and non-BC components. From the measured ab-
sorption spectrum using τtotðλÞ specified as described
above, we compute the Ångstrom exponent, Åtot, that
describes the wavelength dependence of the absorp-
tion optical depth for all the material deposited on a
particular filter in the neighborhood of a reference
wavelength λ0. The exponent is calculated from the
shape of the total absorption curve (e.g., solid curve
in Fig. 7) using the logarithmic formula

Åtotðλ0Þ ¼
ln½τtotðλ1Þ=τtotðλ2Þ%

ln½λ2=λ1%
; ð8Þ

where we have used values of 525, 450, and 600nm
for λ0, λ1, and λ2, respectively We can express Åtotðλ0Þ
in terms of the BC and non-BC components as
follows:

τtotðλ0Þ ·
! λ
λ0

"
−Åtot

¼ τBCðλ0Þ ·
! λ
λ0

"
−ÅBC

þ τNBCðλ0Þ

·
! λ
λ0

"
−ÅNBC

; ð9Þ

where ÅBC and ÅNBC are the Ångstrom exponents
for BC and non-BC specified at λ0. If we define rBC
and rNBC to be the ratios τBCðλ0Þ=τtotðλ0Þ and
τNBCðλ0Þ=τtotðλ0Þ, respectively, then in a neighborhood
around λ0 we can show via Taylor series expansion,
for example, that

Åtot ¼ ÅBCrBCðλ0Þ þ ÅNBCð1 − rBCðλ0ÞÞ; ð10Þ

where rNBC ¼ 1 − rBC. So Åtot is a linear combination
of the exponents for BC and non-BC weighted by the
absorption fraction of each type of absorber, and it

Fig. 8. Incident solar irradiance, FoðλÞ, from the Arctic summer
(2005) in the northern Beaufort Sea for a relatively clear day with
some light clouds and fog [34]. The wavelength range is limited
to the 300–750nm band used for the absorption calculations.
The spectrum has been extended from 350 to 300nm using the
SBDART model [35] using the subarctic summer atmospheric
profile.

Fig. 9. Spectral absorption, FoðλÞτðλÞ, for a site in the Canadian
Arctic in 2009 for all constituents (solid line), maximum BC
(dashed line), and estimated BC (solid line) using the same Å val-
ues as for Fig. 8.
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slope of the absorption curve in the range 420 to
450nm for the ultraviolet wavelengths, and the
mean slope in the range 630–700nm is used for the
near infrared. To obtain the relative contributions of
the estimates of BC and non-BC material to the ab-
sorption of solar energy over the entire solar spec-
trum, the total and extrapolated absorption curves
are weighted by the incident spectral irradiance,
FoðλÞ.

The solar spectrum used here and shown in Fig. 8
is an example from summer in the Arctic Basin [34]
extended to 300nm using the SBDART model [35]
using the subarctic summer atmospheric profile.
The weighted curves (Fig. 9) are then integrated over
wavelength as follows to give the wavelength-
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for BC and the corresponding minimum for non-BC
are given by the ratios

fMAX
BC ¼ EMAX

BC =Etot; fMIN
NBC ¼ 1 − fMAX

BC : ð7Þ

An advantage of this technique is that no assumption
is necessary concerning the Ångstrom exponent for
the non-BC material; however, this technique pro-
vides only a lower limit to the absorption by non-
BC because non-BC absorption is not negligible at
650–700nm in general.

B. Estimated Black Carbon

Our best estimate of the actual amount of BC and
non-BC material on the filter is obtained by exploit-
ing differences in the Ångstrom exponents for BC
and non-BC components. From the measured ab-
sorption spectrum using τtotðλÞ specified as described
above, we compute the Ångstrom exponent, Åtot, that
describes the wavelength dependence of the absorp-
tion optical depth for all the material deposited on a
particular filter in the neighborhood of a reference
wavelength λ0. The exponent is calculated from the
shape of the total absorption curve (e.g., solid curve
in Fig. 7) using the logarithmic formula

Åtotðλ0Þ ¼
ln½τtotðλ1Þ=τtotðλ2Þ%

ln½λ2=λ1%
; ð8Þ

where we have used values of 525, 450, and 600nm
for λ0, λ1, and λ2, respectively We can express Åtotðλ0Þ
in terms of the BC and non-BC components as
follows:
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where ÅBC and ÅNBC are the Ångstrom exponents
for BC and non-BC specified at λ0. If we define rBC
and rNBC to be the ratios τBCðλ0Þ=τtotðλ0Þ and
τNBCðλ0Þ=τtotðλ0Þ, respectively, then in a neighborhood
around λ0 we can show via Taylor series expansion,
for example, that

Åtot ¼ ÅBCrBCðλ0Þ þ ÅNBCð1 − rBCðλ0ÞÞ; ð10Þ

where rNBC ¼ 1 − rBC. So Åtot is a linear combination
of the exponents for BC and non-BC weighted by the
absorption fraction of each type of absorber, and it

Fig. 8. Incident solar irradiance, FoðλÞ, from the Arctic summer
(2005) in the northern Beaufort Sea for a relatively clear day with
some light clouds and fog [34]. The wavelength range is limited
to the 300–750nm band used for the absorption calculations.
The spectrum has been extended from 350 to 300nm using the
SBDART model [35] using the subarctic summer atmospheric
profile.

Fig. 9. Spectral absorption, FoðλÞτðλÞ, for a site in the Canadian
Arctic in 2009 for all constituents (solid line), maximum BC
(dashed line), and estimated BC (solid line) using the same Å val-
ues as for Fig. 8.
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•  grande dépendance aux paramètres de calage 
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Mesure de BC directe dans la neige: SP2 
Lim et al, 2014 

nébuliseur 

•  Compteur de particules: donne un spectre dimensionnel !  
  
•  double détection (scattering et incandescence) : permet 
d’aborder la question de la structure de la particule 

•  très sensible (10 ng/g) ; petits volumes (1-2 mL) 

•  ne voit que 50 – 600 nm: nécessite de « compléter » le 
spectre dimensionnel pour estimer la concentration totale 

• Spécifique BC (ou presque) 
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Une histoire connue: BC dans l’atmosphère ! 
Un parallèle troublant, presque inquiétant 

       France al, JGR 2012 

Mesures classiques dans l’atmosphère:  
 
- sunset (EC/OC), déployable en continu sur le terrain 

- SP2 atmosphérique: mieux que dans la neige (gamme de taille OK) 

- Éthalomètre  
-  Collecte en continu sur filtre, mesure de l’atténuation à 7 longueurs d’onde,  
-  Plein de correction pour cause d’optique non-linéaire sur le filtre 
-  Déconvolution en BC et BrC, comme pour ISSW 

- Pléthore d’autres instruments pour contourner les difficultés (PSAP, MAAP, …)  

- 1 des objectifs récurrents de EUSAAR, EUSAAR2, ACTRIS, ACTRIS2 est 
l’établissement d’une méthode de référence fiable pour assurer la compatibilité en 
particulier des méthodes EC/OC et éthalomètre 
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II. Mesure de BC dans la neige 
Difficultés: chats, lapins et renards arctiques (II) 

Lavanchy et al 1999 

Variation saisonnière du MAC de BC !!! 
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II. Mesure de BC dans la neige 
Difficultés: chats, lapins et renards arctiques (II) 

       France al, JGR 2012 

Variété des sections efficaces d’absorption massique publiées pour BC 
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Une histoire connue: « fermeture optique des aérosols » 
Un parallèle troublant, presque inquiétant 

       France al, JGR 2012 

Mesurer toute la chimie de l’aérosol 
 
Mesurer toute la physique de l’aérosol (distribution en taille) 
 
Mesurer toute l’optique de l’aérosol (diffusion, absorbtion spectrales) 
 
Vérifier si on arrive à faire coller tout ça ensemble… 
 
 
Ça occupe des équipes entières depuis 20 ans, avec un succès mitigé 



Mesure directe des Dust (compteur Coulter) 

Compteur  
Coulter 

•  Compteur de particules: donne un spectre dimensionnel !  
  
•  très sensible (10 ng/g) ; petits volumes (10 mL) 

•  gamme de taille: 700 nm – 7 µm 

•  Inconvénient: les grosses particules insolubles sont-elles 
toutes de « dust » aux  
propriétés optique connues ?   
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Ex: Dust sahariens mesurés 
pendant leur transport vers 
l’europe 



Mesure chimique des Dust 
ICP – AES ou ICP – MS sur filtres 

•  la minéralogie (Fe / Al surtout) permet tant bien que mal 
de contraindre les propriétés optiques  

•  mesure en routine sur l’aérosol; nécessite quelques 
ajustements pour le travail sur la neige (test des volumes à 
filtrer; nuclepore vs quartz ?) 

•   

Filtre  
Quartz ou  
nuclépore 

ICP-MS 
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Et le reste ? (les solubles) 
Arsenal LGGE 

Lin et al, JGR  2014 

On mesure au LGGE toute une série de choses:  

•  Des traceurs de sources (levoglucosan, …) 
•  Les ions (Na, Cl, Mg, Ca, K, SO4, NO3, …)  
•  Le carbone dissous (DOC) 
•  Les HULIS (~ Brown Carbon) 

Importance des HULIS:  
 
•  Principal absorbeur dans   

les aérosols (hors BC et DUST)  

index of SOA depends on its source and chemical age in the atmosphere. Moreover, its hygroscopicity has
been related to the particle O:C ratio or oxidation stage [Cappa et al., 2011; Nakayama et al., 2013; Lambe et al.,
2013]. Thus, a more robust and sophisticated treatment for the optical properties and the hygroscopicity of
SOA is needed in the future. In addition, recent laboratory studies and field measurements have shown the
importance of organics in the nucleation of new particles [Metzger et al., 2010]. Metzger et al. [2010] showed
that the rate of nucleation of new particles is proportional to the product of sulfuric acid and condensible
organic compounds. Scott et al. [2014] used a global aerosol model and showed that including organics in the
growth and formation of new particles leads to a much stronger present-day (PD) first indirect effect of
biogenic SOA than that when only sulfuric acid contributes. The lack of the explicit use of organics in the
aerosol nucleation mechanism in this study therefore may not capture the real aerosol size distribution,
although we attempted to account for this in the two size distributions that we assumed. We note that
the large present-day indirect effect calculated by Scott et al. [2014] (up to!0.77Wm!2 for PDwhen organics
are and are not included) may actually decrease the PD-PI forcing as a result of the saturation of indirect
effects. The size distribution affects both the direct and indirect effects. Assuming a size distribution with an
accumulation mode and a nucleation mode weakens the first indirect forcing of SOA (less negative) by 24%
compared to the forcing estimated by assuming that all the SOA particles exist in an accumulation mode.
However, assuming a size distribution with an accumulation mode and a nucleation mode results in a
stronger direct forcing by 33% (more negative) than the case assuming only an accumulation mode, so the
total forcing is quite similar [Lin, 2013]. In the model, SOA is assumed to add particle number by converting
added SOA mass to number with a prescribed size distribution. This simple increase in particle number is
probably not true in reality. Instead, most of SOA may condense or form on preexisting particles to change
the size distribution. In the model, we prescribe two different size distributions (i.e., a distribution with only
an accumulation mode and a distribution with both an accumulation mode and a nucleation mode) in
order to reflect the change of size due to the addition of SOA to preexisting particles to some extent. A
more refined approach would need to keep the track of the SOA formed on different particles in the
chemical transport model. In addition, the use of an explicit organic nucleation mechanism or the addition
of organics to newly formed particles will also affect the aerosol number, which affects the number of
particles that can serve as CCN. Finally, it has been shown that fundamental physical climate factors (e.g.,
cloud cover and relative humidity) have a large impact on aerosol direct radiative forcing [Ocko et al.,
2012], which suggests the need to better constrain these factors in future studies.

Figure 11. The first indirect aerosol forcing due to the PD-PI difference in SOA. (a) SOA has a lognormal size with a median radius, rg, equal to 0.08μm; (b) 43% of the
SOA number is assumed to have rg=0.005μm and 57% to have rg=0.08μm.

Table 10. Summary of Estimated Snow/Ice Forcing (Wm!2) in Different Simulations Due to the Change of OA

H-ABS L-ABS Other Work

Case Name Land Snow Sea Ice Land Snow Sea Ice Land Snow Sea Ice

OA 2.5× 10!3 5.5× 10!4 9.0× 10!4 1.6× 10!4 - -
BC 1.2× 10!2 9.9× 10!4 1.3× 10!2 1.0× 10!3 3.5× 10!2 [Bond et al., 2013] 1.1× 10!2 [Bond et al., 2013]
POA 7.2× 10!4 2.0× 10!4 6.1× 10!4 1.6× 10!4 - -
SOA 1.8× 10!3 3.5× 10!4 2.8× 10!4 !2.8× 10!6 - -

Journal of Geophysical Research: Atmospheres 10.1002/2013JD021186

LIN ET AL. ©2014. American Geophysical Union. All Rights Reserved. 7471

Échantillon : 
>1 µg carbone 

Résine 
DEAE 

Elimination des  
Composés  
peu acides 

Eluent 
NaOH 5mM, 

NaCl 1M 

UV – Vis  
(200-600 nm) 

Détecteur 
COT 

Élue 
2 mL 

L’aérosol 
organique est 
significatif ! 
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D’autres possibilités de mesure ? 
Mesures des insolubles 

Nos amis des eaux de surface ont une longue histoire de mesure des 
particules. Allons les voir ? 
 
• Granulomètre laser (LTHE) 

•  50 nm – 2 µm 
•  Gros volume d’échantillon (200 mL);  

limite de détection à voir 

• Nano Zetamètre (Isterre) 
•  ??? 

• Nanoparticle Tracking Analysis  
(Malvern NanoSight)  
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Mesure des impuretés dans la neige 
Conclusion 

Il reste des difficultés importantes amenant à des compromis 
dans les mesures effectuées 
 
On sait faire beaucoup de choses à Grenoble, y compris 
travailler sur des petits échantillons, (compatible avec  
 
Dès qu’on veut travailler avec des filtres, il faut les caractériser 
mieux 
 
Après la caractérisation chimique, il restera toujours le passage 
de la chimie à l’optique… 
 


