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Context:  

Particulate matter (PM) is important for several aspects of atmospheric chemistry (impact on climate, health, 

ecosystems, etc.). The composition of the organic fraction of PM is still poorly known. All sources leading to 

Primary Biogenic Organic Aerosols (PBOA) are understudied while it is known that they can represent a large 

fraction of Organic PM. This project was designed to tackle the fraction coming from plant debris, using cellulose 

as a tracer. 

 

Objectives / scientific questions:   
The objectives of the program were to develop a protocol for the measurement of atmospheric cellulose at low 

concentrations, and to evaluate the variability of its concentrations in time and space. It was also proposed to 

determine if cellulose is a proper tracer for plant debris in source apportionment studies using the PMF (Positive 

Matrix Factorization) approach. 

Main results:  

We obtained improvements of the protocol previously in use at IGE. It is now reliable and standardized. We can 

process batches of about 100 samples in about 10 days (when the overall literature on the subject still reports 

less than 500 samples in 15 years). We are one of the only 2 labs able to perform these measurements from PM 

filters. Our improvements now allow the determination of concentrations of about a few ng/m3 with less than 4 

cm2 of a classical PM filter (HiVol, 24hr).  
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Figure 1- a show the seasonality of the concentration of cellulose over a 1-year period in Grenoble “Les Frênes” 
(urban background), with maximum concentrations during summer and minimum concentrations during winter. 
This figure also shows the covariation of polyols and cellulose concentrations. Figure 1-b shows the seasonality of 
the concentration in the swiss site of Payerne (rural) with the repartition between PM2.5 and PM10. Cellulose is 
mainly present in the coarse fraction of the aerosol, with a marked seasonality over the year, while the 
concentration in the fine fraction is relatively constant during the year. Figure 2 presents the results obtained from 
a PMF study using the data set collected from 3 sites in the Grenoble area over a 1-year period. It shows that the 
primary biogenic factor was identified with high loadings of polyols and cellulose. 
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We started to process several yearly PM series, in order to gain knowledge on the seasonal variation, maximum 

concentrations during episodes and similarities (or not) in the evolutions of cellulose with other atmospheric 

parameters. Our study includes 3 sites in the Grenoble metropole : (urban center, urban background, and peri-

urban) with 2 series currently analyzed (2017-2018 and 2020 – 2021) (total over 700 samples) ; 5 sites in 

Switzerland (urban, traffic, rural, Alpine) with some sites collected for PM10 and PM2,5 in parallel (total over 600 

samples) ; series collected at the ANDRA – OPE site in rural France in parallel with recording of agricultural 

practices (about 150 samples).  

 

All of these measurements indicate 

- A marked predominance of concentration in the coarse mode fraction 

- Important proportion of cellulose in the atmospheric organic aerosol (concentrations up to several 

hundreds of ng/m3, reaching up to a couple of µg/m3 during harvest time in a rural area. 

- A seasonality of the concentration of cellulose with maximum in summer and fall 

- General co-variations of concentrations between cellulose and some sugar alcohols, but not a total 

overlap, indicating different processes of emissions   

- So far, the PMF studies where cellulose is introduced does not allow for the distinction of emissions from 

fungal spores and plant debris in separate factors; they collectively define the primary biogenic 

emissions. 

Part of the MECEA project was also to try to develop a protocol for the measurement of the total cellulose, i.e. 
free cellulose (as presented above) plus cellulose embedded in the lignin. As of now this protocol is not finalized, 
partly because of unforeseen difficulties, but also because the Covid situation made it impossible to access the 
lab during a large part of 2020.  

 

Future of the project: 

There are ongoing publications using the data that where generated. The protocol for free cellulose 

measurement allows now to process samples coming for a variety of programs: it will be used in a near future in 

an ANR project with samples from Sao Paulo (Brazil), but also within many other programs. We are still hoping to 

continue the development of the total cellulose measurements. 
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