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Section 1: supplementary illustrations

Table S1: Characteristics of selected sites and data available

Sampling sites  Typology C;g?j(;in Long Lat (A;t) Data available

Grenoble_LF Urban? %23//22%1128_ 5.74 45.16 214 Polyols, glucose, cellulose, LAI

Grenoble_CB Urban? %23//22%1178- 5.73 45.18 212 Polyols, glucose, LAl

Grenoble_VIF Urban? %23//22%1178_ 5.68 45.06 310 Polyols, glucose, cellulose, LAI

Passy Urban? %)11//22(())113;_ 6.71 45.92 588 Polyols, glucose, LAI, weather conditions

Marnaz Urban? %1//22%1135 6.53 46.06 504 Polyols, glucose, LAI, weather conditions

Chamonix Urban? 11/2013- 7.05 4592 1035 Polyols, glucose, LAI, weather conditions
10/2014

Marseille Urban 0162//22%11[;_ 5.39 43.30 64 Polyols, glucose

Mallet Urban %%//22%111 5.50 43.47 200 Polyols, glucose

Gardanne Urban %77//22(())1156- 5.47 43.45 214 Polyols, glucose

Meyreuil Urban ?)11//22(())1156 5.50 43.47 235 Polyols, glucose

Port-de-Bouc Urban (;E;//ZZ(())lll;- 498 43.40 1 Polyols, glucose

Nice Urban 0162//22%1146 7.28 43.70 9 Polyols, glucose

Rouen Urban %16//22(())11?;1- 1.08 49,44 6 Polyols, glucose

Roubaix Traffic %15//22%111 3.18 50,71 10 Polyols, glucose

giosgee”t's“r' u?;:r']b 0112//22%1137 248 4928 30  Polyols

OPE-ANDRA Ruralb 02/2012- 517 4854 293 Polyols, glucose, LAI, weather conditions,

12/2017 agricultural activities records, cellulose

Symbols @ stand for urban background sites located in the French Alp valley environment whereas symbols ® outline background sites
surrounded by crop field areas. Leaf Area Index (LAl) is a proxy of vegetation density evolution. Polyols are defined as the sum of mannitol
and arabitol concentrations. Here, the term polyols is used refer to the sum of arabitol and mannitol concentrations.

Table S2: Annual average values + standard deviation of aerosol chemical data at each site (concentrations in ng m-3).

Sampling sites Polyols Ratio mannitol-to-arabitol Glucose Ratio glucose-to-polyols
Grenoble_LF 41.2+39.9 1.24+0.36 26.8+19.7 0.93+0.63
Grenoble_CB 43.5+41.9 1.07£0.32 29.0+22.6 0.94 +0.57
Grenoble_VIF  47.0+48.8 1.11+041 30.5+26.2 0.92 £0.56

Passy 37.0+23.2 0.94+0.34 23.1+13.3 0.70+0.31
Marnaz 545+42.6 1.03+0.39 33.2+233 0.72+0.34
Chamonix 38.0+28.0 1.08 £0.31 20.0+11.9 0.73+0.54
Marseille 26.1+22.9 1.13+0.34 21.2+15.8 0.91+0.45
Mallet 425+ 315 0.99 £0.36 279+17.4 0.66 £0.25
Gardanne 27.8+20.8 0.98 +0.26 17.5+10.6 0.72+0.32
Meyreuil 27.8+15.4 0.94 +0.32 17.6 £+10.1 0.67 +0.28
Port-de-Bouc 21.1+17.7 1.03+0.37 14.4+£13.5 0.78 £0.49
Nice 37.6 £ 36.5 1.14+0.40 245+23.4 0.69 £0.35
Rouen 23.8+34.2 1.27+0.71 8.6+11.1 0.52 £0.50
Roubaix 18.8+22.2 1.67+£0.89 8.6+8.6 0.72+0.83
Nogent-sur-Oise  43.8+42.9 1.53+0.54 N/A N/A
OPE-ANDRA 58.7 £90.4 1.01+0.47 31.2+32.6 0.86 + 0.69

N/A: not available.



Table S3: Normalized cross-correlation coefficients (R) for sugar compounds and ratios between pairs of sites considering the
sampling periods in common.

Pairs of sampling In.ter—5|te Number of Time Arabitol vs Ra.tlos Glucose Ratios
sites distance samples eriods Mannitol Mannitol-to- vs Polyols Glucose to
(Km) P P Arabitol ¥ Polyols
Grenoble_CB vs 2.5 125 02/2017- 0.967 0.988 0.973 0.968
Grenoble_LF 03/2018
Grenoble_LF vs 12.4 125 02/2017- 0.962 0.963 0.957 0.985
Grenoble_VIF 03/2018
Grenoble_CB vs 14.4 127 02/2017- 0.930 0.982 0.930 0.968
Grenoble_VIF 03/2018
Passy vs 12.1 112 11/2013- 0.946 0.938 0.934 0.885
Chamonix 10/2014
Marnaz vs Passy 20.4 159 11/2013- 0.951 0.918 0.938 0.935
04/2015
Marnaz vs 30.0 112 11/2013- 0.927 0.926 0.890 0.888
Chamonix 10/2014
Marseille vs 17.5 79 07/2015- 0.891 0.907 0.877 0.876
Gardanne 07/2016
Marseille vs 20.1 79 06/2014- 0.829 0.717 0.862 0.843
Mallet 06/2015
Marseille vs 20.7 76 01/2015- 0.665 0.804 0.786 0.779
Meyreuil 01/2016
Marseille vs Port- 35.1 277 06/2014- 0.788 0.764 0.723 0.790
de-Bouc 12/2017
Grenoble_LF vs 117.4 201 07/2013- 0.765 0.797 0.825 0.899
Marnaz 04/2015
Nice vs Port-de- 188.7 218 06/2014- 0.723 0.678 0.713 0.530
Bouc 12/2017
Roubaix vs Rouen 205.4 154 01/2013- 0.635 0.659 0.474 0.440
05/2014
Nogent-sur-Oise 230.1 253 01/2013- 0.754 0.790 N/A N/A
vs OPE-ANDRA 12/2017
Grenoble_LF vs 270.1 240 06/2014- 0.438 0.309 0.344 0.419
Marseille 12/2017
Grenoble_LF vs 374.9 297 02/2012- 0.390 0.234 0.275 0.394
OPE-ANDRA 12/2017
Marseille vs OPE- 581.0 194 06/2014- 0.307 0.180 0.124 0.236
ANDRA 12/2017

N/A: not available.
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Figure S1 : Examples of raw chromatograms obtained for the analysis of sugar compounds in PM10 analyzed by high

performance liquid chromatography coupled with pulsed amperometric detection (HPLC-PAD). HPLC-PAD chromatograms of
a standard sugar compounds (A) and an extract from the ambient PM samples collected at the sites of Meyreuil ((B) and

OPE-ANDRA (C), respectively.

Table S4 : Concentrations of individual sugar compounds in the standard solution and atmospheric PM samples. LD and LQ

denote respectively detection and quantification limits.

Inositol  Glycerol  Erythritol  Arabitol  Sorbitol Mannitol Levoglucosan Mannosan  Galactosan  Glucose

(ppb)
Standard  100.2  250.2 750 249.5 99.5 253.2 1246.2 250.7 99.3 250.5
Meyreuil 4.9 136.8 326.6 108.4 51.3 104.7 43.4 8.2 <LD 201.4
OPE- 36.2 257.6 2415.2 752.9 47.3 610.3 <LD <LD <LD 598.7
ANDRA
(ng m?3)

Meyreuil 1.2 <LQ 81.9 27.2 12.9 26.3 10.9 2.1 <LD 50.5
OPE- 5.2 37.2 348.4 108.6 6.8 88.0 <LD <LD <LD 86.4
ANDRA

The quality of the multiple linear regression model (linearity of the data, normality of residuals,
homogeneity of residuals variance, independence of residuals error terms) was checked through

several diagnostic plots:



e Figure S2A shows the residuals vs fitted values, which did not exhibit any significant pattern.
Therefore a linearity relationship between log (polyols + glucose) and the predictor variables
can be assumed.

e InFigure S2B, the model residuals are correctly fitted with a straight line, indicative of a normal
distribution.

e As evidenced in Figure S2C (Scale-Location plot), squared residuals are quite randomly
distributed along the range of predictor variables. Thus the variance of the residuals is
considered homogeneous.

e Finally, Figure S2D was used to examine the potential influential points (outliers or high-
leverage points). Cook’s distance (highlighted by the red dashed lines) measures the effect of
deleting an extreme observation. Since numbered points are within Cook’s distance scores
(standardized residuals are also below 3), they are not considered as influencing the regression

analysis.
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Figure S2: Diagnostic plots for the multiple linear regression analysis. The red solid lines are smoothed curves for detecting

potential patterns.

Multicollinearity between the predictor variables was evaluated using variance inflation factors (VIF).
These were performed using the vif function implemented in the open-access “car package in R” (Fox
and Weisberg, 2018). Collinearity was not found to be a problem in our multiple regression analysis
because all VIF values were less than ten for all predictor variables (Zuur et al., 2010).
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Figure S3 : Annual evolution cycles of the glucose (left) and levoglucosan (right) concentrations in PM10 measured at the
urban site of Grenoble Les Frénes, from the years 2012 to 2018. The black marker inside each boxplot indicates the average
value, while the top, middle and bottom of the box represent the 75th, median and 25th percentiles, respectively. The
whiskers at the top and bottom of the box extend from the 95th to the 5th percentiles.
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Figure S4 : PSCF analysis for the OPE site (using pyPSCF and HYSPLIT). A) Back-trajectories associated with arabitol
concentrations higher than the 75t percentile divided by the number of back-trajectories. C) Displays all the back-
trajectories. The color scale indicated the probability that the specie comes from this cell (the darker color indicate higher

probability).
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Figure S5: Covariation cycles of the daily concentrations of polyols (A) and glucose (B) and vegetation density (LAI) at OPE-
ANDRA, from 2012 to 2016.



Section 2: Analysis of ambient particulate cellulose concentration

The analytical protocol is resumed below. A punch of 21 mm from a PMy, quartz filter sample is
sonicated for 40 min in 3 mL of a 0.05 M acetate buffer (pH=4.8) in Milli-Q water containing 0.05% of
thymol. 20 pL of the purified and diluted cellulase (70 u/g) and 60 pL of the diluted glucosidase (5 u/g)
are added to the solution which is then incubated for 24 hours at 45 °C for the hydrolysis to occur.
Enzymatic activity is stopped at the end of this step by heating the sample at 100°C for 45 minutes.
After cooling down to room temperature, the sample is centrifuged for 10 minutes at 7,000 RPM and
filtered through a 0.22 um polyether sulfone membrane for the analysis of the glucose content using
HPLC-PAD.

Since cellulase is the main contributor to the level of glucose in the blanks, this enzyme initial solution
is purified by ultra-filtration at 15°C on a porous membrane of polyether sulfone (Hydrosart®, 2000
MW(CO). Ten consecutive steps of ultra-filtration at 7,000 RPM in Vivaspin-15R tubes are needed to
reduce the content of glucose in the blanks to an acceptable level (< 10 pg L in analytical solutions).
At the end of filtration, cellulase is diluted 10 times in Milli-Q water.

For each analytical batch, standard aqueous solutions of cellulose (microbeads of pure cellulose 20um,
Sigma Aldrich) are hydrolyzed in parallel under the same conditions in order to determine the
conversion yield of cellulose. Although variable depending on the batch, it is generally in the range 65
— 80 %. Each analytical batch is then composed of glucose standards, hydrolyzed cellulose standards,
hydrolyzed samples and hydrolyzed blanks filters. The final calculation of the atmospheric
concentration of the free cellulose takes into account the conversion efficiency of cellulose, the
cellulose on blank filters, and the initial concentrations of atmospheric glucose of each sample,
determined in parallel using a similar HPLC-PAD technique (Waked et al., 2014).

The HPLC-PAD is composed of an AS50 autosampler, a LC30 oven, a GP40 pump and an ED50 detector
(all from Dionex) working in the pulsed amperometric detection mode with a gold working electrode
and an Ag/AgCl reference electrode. The analyses are performed on Dionex CarboPac PA1 columns (4
x 250 mm — analytical; 4 x 50 mm — guard), under gradient elution conditions (Table S4) at 30 °C. The
mobile phase is made of sodium hydroxide and sodium acetate in Milli-Q water, at a flow rate of 1.1
mL min. The waveform program applied to the detector is illustrated in Figure S5.

Table S5: Gradient operating conditions used for HPLC-PAD

. . . NaOH: 100 mM
Time (min) Flow rate (mL min) NaOH: 18 mM NaOH: 200 mM
NaAc: 150 mM
0 1.1 100 % - -
10 1.1 100 % - -
16 1.1 70 % 30% -
18 1.1 6 % 82% 12%
21 1.1 - - 100 %
23.5 1.1 - - 100 %
24 1.1 - 100 % -
27 1.1 - 100 % -
28 1.5 100 % - -
39.5 1.1 100 % - -
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Figure S6 : Example of the applied waveform program.
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