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Levoglucosan, an important molecular marker for biomass burning, represents an important fraction of the water soluble organic 
carbon (WSOC) in atmospheric particles influenced by residential wood burning and wildfires. Even if levoglucosan is widely 
used in source apportionment studies only few studies investigated the atmospheric stability of this tracer compound so far. 
Furthermore, oxidation processes by free radicals in aqueous particles are not yet considered as a potential sink reaction for this 
highly water soluble compound. Therefore, detailed kinetic studies on the reactivity of levoglucosan towards three important 
atmospheric free radicals (OH, NO3 and SO4

-) in aqueous solutions were performed for the first time using the laser flash 
photolysis technique. Laboratory studies on the stability of levoglucosan were done both in the presence and absence of other 
water soluble reaction partners. Furthermore, the experimental data were implemented into the parcel model SPACCIM in order to 
study the degradation fluxes of levoglucosan in cloud droplets and aqueous particles considering a detailed microphysics and 
multiphase chemistry. The model calculations, performed under different conditions, show that levoglucosan can be oxidised 
readily by OH radicals in the tropospheric aqueous phase. Mean degradation fluxes of about 7.2 ng m−3 h−1 in summer and 4.7 ng 
m−3 h−1 in winter were calculated. Model calculations demonstrate that under certain atmospheric conditions the oxidation of 
levoglucosan can be as fast as that of other atmospherically relevant organic compounds and it may not be as stable as previously 
thought in the atmosphere particularly under high relative humidity conditions.
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Introduction and Motivation
Levoglucosan, is an important marker compound for biomass burning processes. It usually represents an large fraction of the 
water-soluble organic carbon in atmospheric particles influenced by combustion processes. But, how stable is this marker 
compound in the atmosphere? Two studies in 1988 and 2000 measured the stability of levoglucosan towards sunlight under 
ambient conditions and towards the acid-catalyzed hydrolysis (1,2). In both studies no degradation of levoglucosan was observed. 
These studies are cited until today as reference for the atmospheric stability of levoglucosan. However, particle phase or gas phase 
oxidation processes of levoglucosan with atmospheric radicals are not yet characterized. Due to the lack of kinetic data, detailed 
studies on the reactivity of levoglucosan with OH, NO3, and SO4

- radicals in aqueous solutions have been performed in this study 
(3). The experimental data were implemented into a parcel model describing the microphysics and the multiphase chemistry to 
investigate the degradation fluxes of levoglucosan in cloud droplets and in deliquescent particles. The model calculations show that 
levoglucosan can be oxidized readily by OH radicals and that these oxidation reactions are as fast as that of other alcohols in the 
tropospheric multiphase system. The conclusion of this study concerning the stability of levoglucosan in the troposphere was 
recently confirmed in a aerosol chamber study (4).

Figure 3: (a) Modeled aqueous-phase levoglucosan concentrations in ng 
m-3(air) over the simulations time for the six model scenarios Summer 
Cloud, Summer Non-Cloud, Winter Cloud, Winter Non-Cloud, Summer 
Cloud (60% RH) and Winter Cloud (60% RH). The grey dash dotted line 
marks the time of half-initial-value concentration c½. (b) Modeled 
aqueous-phase chemical degradation mass fluxes (chemical sinks by 
different radical oxidants) of levoglucosan in ng m-3 h-1 (second day of the 
model simulation for the Summer Cloud case).

● Aqueous-phase oxidations can substantially influence the levoglucosan 
concentrations in the atmosphere (τ½ values at 90% RH were about 12.7h, 
33.1h, 72.8h and 83.2h for Summer Cloud, Summer Non-Cloud, Winter 
Cloud and Winter Non-Cloud, respectively)

● Degradation of levoglucosan is much faster in the 
tropospheric aqueous droplets than postulated in former 
studies (2, 9) that considered non radical reactions only

● Daytime aqueous-phase chemistry is a very effective sink 
for levoglucosan (see Figure 3)

● Mean levoglucosan degradation fluxes of about 7.2 ng    
m−3 h−1 (average over 108 hours) in the Summer Cloud and 
about 4.7 ng m−3 h−1 in the Winter Cloud case

● Degradation in clouds show even higher mean fluxes, 
ranging up to 17.5 ng m−3 h−1 for Summer Cloud and 7.5 ng 
m−3 h−1 for Winter Cloud case

● Also free radical chemistry in deliquescent particles 
represents a considerable sink for levoglucosan

● Integrative calculations show that the radical-driven 
oxidation of levoglucosan proceeds by approx. 42%/27% in 
the clouds and 58%/73% in the deliquescent particles 
(Summer Cloud/ Winter Cloud case).

● OH radical represents the dominating oxidant for 
levoglucosan under both cloud and deliquescent particle 
conditions (see Figure 3)
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■ Sensitivity studies
The SPectral Aerosol Cloud Chemistry Interaction Model (SPACCIM; (6)) was applied to investigate the radical oxidation of levoglucosan in the 
atmospheric aqueous phases and its influence on the lifetime of levoglucosan. The adiabatic air parcel model simulations were done for summer 
and winter conditions, simulating high and low photochemical activity. For both conditions, model runs were performed for both non permanent 
cloud scenarios (Summer Cloud and Winter Cloud) considering chemical aerosol cloud interactions and non-cloud scenarios (Summer Non-Cloud 
and Winter Non-Cloud) which describe chemical interactions under deliquescent particle conditions only. For the scenarios Summer Cloud and 
Winter Cloud, an air parcel moves along a predefined trajectory passing 8 cloud events (4 times at noon and 4 times at midnight) for about 2 hours 
each so that the air mass is subjected to a typical tropospheric in-cloud residence time of about 15% (7). For non-cloud periods, an intermediate 
aqueous aerosol state is considered at 90% RH. Additionally, a second non-cloud scenarios with a lower RH (60%) was simulated in order to 
illustrate the effect of the aerosol water content on the degradation of levoglucosan. It is noted that non-ideal effects of concentrated aqueous 
solutions were ignored in the model calculations. In SPACCIM, the complex multiphase chemistry mechanism RACM MIM2ext (revised and 
extended Regional Atmospheric Chemistry Model + Mainz Isoprene Mechanism 2) / CAPRAM 3.0i (Chemical Aqueous Phase Radical 
Mechanism) (8) was applied. Additionally, an aqueous degradation sequence (see below) of levoglucosan and the water soluble organic carbon 
(WSOC) was added to the CAPRAM 3.0i mechanism. The measured kinetic data were used for the description of the radical oxidation pathways 
of levoglucosan. The corresponding values for the WSOC oxidation by the radicals have been estimated from the results presented by (5). 

0

100

200

300

400

500

600

700

800

900

0 12 24 36 48 60 72 84 96 108

Time [h]cloud periods

Le
vo

gl
uc

os
an

 c
on

ce
nt

ra
tio

n 
[n

g 
m

-3
(a

ir)
 ] 

c½

Summer Cloud Fe3

Summer Cloud Fe2

Summer Cloud Fe1

Winter Cloud Fe3

Winter Cloud Fe2

Winter Cloud Fe1

0

100

200

300

400

500

600

700

800

900

0 12 24 36 48 60 72 84 96 108

Time [h]cloud periods

Le
vo

gl
uc

os
an

 c
on

ce
nt

ra
tio

n 
[n

g 
m

-3
(a

ir)
 ] 

c½

Summer Cloud H3
Summer Cloud H2
Summer Cloud H1
Winter Cloud H3
Winter Cloud H2
Winter Cloud H1

Figure 4: Modeled aqueous-phase levoglucosan concentrations in ng m-3(air) as a function of the simulation time modeled with different 
water-soluble iron contents (left) and different initial H2O2 concentrations for the Summer Cloud and Winter Cloud cases.
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LEVO Xk⎯⎯⎯→ (with X = OH, NO3, SO4
-)

(with kORG, OH = 2×109 M-1 s-1,
        kORG, NO3 = 2×107 M-1 s-1,
         kORG, SO4- = 5×107 M-1 s-1)

(with i = 1,...,5)

Sensitivity
case 

Scaling
factor

Particle mass fraction of the water-soluble iron / 
Initial H2O2 concentration 

Fe1/H1 100 % 0.001456 % / 1.0 ppb
Fe2/H2 50 % 0.000728 % / 0.5 ppb
Fe3/H3 10 % 0.000146 % / 0.1 ppb

Table 2: Overview of the sensitivity studies (Fe1 represents the “base case”).Based on the obtained results of the base cases 
(Summer Cloud and Winter Cloud), chemical sen-
sitivity studies on levoglucosan degradation were 
performed with regards to (1) the soluble iron 
fraction and (2) the initial H2O2 concentration. 
Simulations were performed for the Summer and 
Winter Cloud cases with different concentrations 
of water-soluble iron and the initial H2O2, respec-
tively (see Table 2 and Figure 4).

a)

b)

Table 1: Measured second order rate constants (k2nd) and activation parameter for the reaction of levoglucosan with OH, NO3, and SO4
- in aqueous solution.

■ Kinetic measurements of OH, NO3, and SO4
- radical reactions with levoglucosan in aqueous solution

 ● Laser flash photolysis technique (5)
 ● Temperature dependent measurements 278K ≤ T ≤ 318K with ΔT = 10K
 ● Conditions of pseudo first order
 ● Radical sources:
  OH   H2O2 + hν (λ = 248 nm)   2OH
  SO4

-  K2S2O8 + hν (λ = 248 nm)   2SO4
-

  NO3  K2S2O8 + hν (λ = 248 nm)   2SO4
-

     SO4
- + NO3

-      SO4
2- + NO3

 ● Kinetic measurements using continous-wave (cw) laser (5)

OH : Kinetic studies on OH radical reactions were performed applying a competition kinetic method using thiocyanate  
   (SCN-) as reference system.
 
    OH + SCN-     SCNOH-

     SCNOH-      SCN + OH-

     SCN + SCN-     (SCN)2
-

     OH + levoglucosan   products

   Measurements of the (SCN)2
- formation as a function of the levoglucosan concentration were done using a cw-laser  

   at λ = 473 nm.

  SO4
-: Direct measurement of the SO4

- radical decay as a function of the levoglucosan concentration using a cw-laser at  
   λ = 473 nm.

  NO3: Direct measurement of the NO3 radical decay as a function of the levoglucosan concentration using a cw-laser at  
   λ = 635 nm.

■ Investigations on the stability of levoglucosan in pure water and an aqueous PM2.5 filter extract (3)
 ● Solutions containing levoglucosan (4.5×10-5 M) and H2O2 (1×10-4 M) were irradiated by a Hg/Xe lamp in a quartz cuvette. 
 ● A long-pass filter (WG 280) was applied to simulate the solar spectral range. 
 ● The decay of levoglucosan was measured as a function of the lamp exposure time both in the presence and in the absence of 

H2O2 using a high-performance anion-exchange chromatography system with a pulsed amperometric detector. 
 ● The black dots in Figure 2 show the measured levoglucosan degradation profile in pure water as well as an exponential fit 

of the data points. The decay of levoglucosan follows first-order kinetics. On the basis of the data the half-lifetime of 
levoglucosan in the absence of other reactants was calculated to be t1/2 = 338 s.

 ● Furthermore, a rate constant for the levoglucosan decay in the absence of H2O2 was measured. In presence of ligth only a 
rate constant of k1st= 6.4×10-5 s-1 was determined. The reason for this decay remains unclear, since levoglucosan absorbs 
almost no light above λ = 280 nm (Figure 2).

 ● The red dots in Figure 2 show the measured levoglucosan degradation profile in an aqueous extract of an ambient PM2.5 
filter sample as well as an exponential fit of the data points. The decay of levoglucosan in presence of other water soluble 
reactants and H2O2 (1×10-4 M) follows again first-order kinetics. The filter sample was collected on Dec 17th, 2007, at the 
village of Seiffen, Saxony, Germany (50°,38′,50′′ N, 13°,27′,08′′ E, 647 m asl). Seiffen is known for the wooden handcraft 
industry. In the filter sample high concentrations of levoglucosan (830 ng m-3 for PM2.5) and other biomass-burning tracer 
compounds such as methoxyphenols were found. On the basis of the data in Figure 2 the half-lifetime of levoglucosan in 
presence of other water soluble reactants was calculated to be t1/2 = 884 s.

 ● The kinetic data obtained as well as ambient data from Seiffen were subsequently used as input parameters to model the 
lifetime of levoglucosan in the troposphere as shown in the following. 
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Figure 1: Arrhenius plots (log k2nd vs. 1/T) for the measured radical reactions in aqueous solution.

As can be seen in Table 1, levoglucosan is rapidly oxidized by atmospheric free radicals in aqueous solution similar to mono- and 
polyfunctional alcohols. The temperature dependent measurements (Table 1 and Figure 1) show a linear dependency between the 
logarithmic rate constants and the inverse temperature.
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Figure 2: Concentration 
-time profile for the 
oxidation of levoglucosan in 
the quartz cuvette in 
presence of OH in pure water 
(●) and an aqueous extract of 
an PM2.5 filter (●) (left). 
The solid lines indicate the 
exponential fit through the 
plotted data points. 
UV/VIS-absorption spectra 
of levoglucosan in aqueous 
solution (c = 1 mol/L) 
(right).

Radical k2nd , 298K
[M-1s-1]

EA
[kJ/mol]  

A
[M-1s-1] 

ΔH
[kJ/mol]  

ΔG
[kJ/mol]  

ΔS
[J/K mol]  

OH  (2.4 ± 0.3) · 109 9.0 ± 2.9  (8.7 ± 0.4) · 1010 6.5 ± 2.1  19.6 ± 7.3  -(43.8 ± 2.1)  
NO 3 (1.6 ± 0.2) · 107 17.8 ± 2.6 (2.3 ± 0.1) · 1010 15.4 ± 2.2  31.7 ± 5.9  -(54.9 ± 2.4)  
SO 4

- (5.2 ± 0.8) · 107 9.0 ± 3.0 (2.1 ± 0.1) · 109 6.6 ± 2.2 28.9 ± 11.4 -(74.8 ± 4.3)

Levoglucosan
C6H10O5

O

HO
OHHO

O



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2551.181 3456.000]
>> setpagedevice


