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Introduction

Biomass burning contributes significantly to thelal trace gas and aerosol burden. It is also aoni@ant source of elemental carbon as well as orgarosols. Large scale wildfires occur
naturally as well as the results of human actisitrevarious parts of the world. Vegetation fireamong the most important biomass burning in terfriee climate effects and its particles
primarily consist of decomposed lignin, celluloeemicellulose products as well as elemental carBtthough considerable effort has been made by uargiudies to identify compounds
In the biomass burning aerosol, only a limited nambf data exist for the size segregated physitala@demical characterization of biomass burnindigas under controlled condition.
Thus, there is a need to characterize simultangdusinass burning for physical and chemical propsin order to understand its effect on climate.

Experimental

A laboratory combustion facility designed to stughseous species from biomass burning was usedtiuge aerosols under controlledrable 1. General experimental information

conditions. The emission from the combustion facivas diluted in a container equipped with intéfaas as a buffer in order to minimiz Average
sample overloading and temporal variability of seRpA field laboratory container was directly lemhunderneath to sample particles in tEEDate T\,ch’ | Fuel dCO/dCO,
first stage buffer container. The sample transfex from the buffer container to a dilution tunmes approximately 1.5 m. The sample wgas — o)
diluted 20 times with a dilution tunnel in the fielaboratory container using clean compressedTaie. dilution tunnel was connected 01.07.03 | oa | "¢ Wih green 6
particle sampling devices for chemical analysisetbgr with various physical instruments for the sugaments of size distribution; Pine with dry
scattering, absorption and total particle concéioimaln order to simulate wildfire conditions rettthan fireplace or domestic heater burningf°7-% | 12 needles 5
conditions various parts of tree were burned irfedsint mixture depending on the availability of mag materials. In order to havegz o703 | 12a Pine 4
representative and comparable data for differamd kaif combusted biomass fuels, an average arountbi7#e ratio of excess CO to G T _ L

: 3. F : : : : h .07. a Indonesian peat 47
(dCO/dCQ) was set as a target for the combustion conduibich is generally found in typical biomass burninghature. Table 1 shows
general experimental information for the selectaokeeiments. Pine wood, pine wood with dry underbrasd pine wood with green needles6.07.03 | 26a Northegga?frman 39
were chosen to show the influence of vegetatiotspambusted on the emitted particles. Indonesest gnd Northern German peat WelEsamples were dried prior to the combustion session
also selected in order to illustrate the differenisetween fresh biofuels and “fossil” biofuels. e A e e =

Chemical analysis

o 1.2% _22% Table 2. List of detected soft/hard wood combustion tracersfrom various
° 3.1% — :

Samples for chemical analysis were taken using two 7.3% 10.5% biofuel combustions
5 stage Berner type impactors and four stack filters. ™" 9a 11a 12a 25a 26a
The methods used for the chemical analysis were a ** | 01/07/03  02/07/03  03/07/03  25/09/03  26/09/03
thermographic ~ method for OC/EC, Iong ™ S e g -
chromatography for inorganic ions, Shimadzu TOG &% . i I ceran
(total organic carbon) analyzer for WSOC, CE-ESIE 0% | o 1279, o 9.6% 78% | | Do SO needl ™ upcerbrr MR peat
MS (Capillary Electrophoresis  Electrosprayg 4o oo BiAce! ool L

! L ! - © 4-hydroxycinnamic acid  Grass 0 0 X 0 0
lonization Mass Spectroscopy) for individual®= s oy
organic SpeCieS' 20% - | acetophenone L X X X 0 0
Figure 1 shows the ratio of OC and EC to TOC Sinapic acid w ] d ’ 3 A
(Total Organic Carbon) for the pine, pine with dry \ \ \ \ Syringic acid Hard X X X 0 0
underbrush, pine with green needles, Indonesian Pine with green  Pinewithdry  Pine stemand  Indonesian peat Northern German 3-hydroxy-4-methoxy
peat and northern German peat. Higher EC values . - benzoic acid R 0 0 0 0 0
can be explained by the lower dCO/dC@tio as Figure 1. The ratio of OC (Organic Carbon) and EC Coniferyl aldehyde Soft 0 0 0 0 X
the flaming fire produces much higher concentration (Elem_ental Carbon) to TC (Total Carbon) for various biofue Ferulic acid Soft 0 X X X 0
of EC. Smoldering fires of both kinds of peat Maeas i e % i : : 2 g

: ! Vanillic acid Soft X X X X 0

materials produced much lower EC fractions than 100% A vy o N . . A ] 4
flaming fire from pine woods because the 20% P o < e - A ] ! .
smoldering process produces more Vvolatile/semi- fgf O Unresofved R etocied
volatile wood decomposition compounds by direct | ¢ g% B Inorganics lons PhySical ST
vaporization of wood structure. g 50% - OwWsOoC
Table 2 summarizes the list of detected = 0% :fj; Size distributions and fitting parameters (moderditer, D and geometric
softwood/hardwood traces for various biofuels. 20% standard deviationg) of Indonesian and Northern German peat and pine
Emission ratios of tracers cannot be determined a p% are shown in Figure 3. Size distributions from bdiinds of peat
this moment as some key parameters for the 4 2 3 4 s (Indonesian and Northern German) looked very diffierfrom boreal
determination of emission ratio calculation ard st Stage wood. The shape of the distribution is similar bath kinds of peat, but it
In progress. No harc_lwood tracer was found from ?‘” is quite different from the size distributions ah@ (size distributions from
pine wood combustions as the pine wood containg  100% B other boreal wood were similar to pine). The disttion is much wider for
gymnosperm lignin enriched in coniferyl alcohol :g; peat and much larger particles were produced duhegcombustion of
products. It Is interesting to note that the adaiot 0% T OUnresolve peat. The combustion of peat was very differennffeesh wood materials.
green or dry needle produced 4-hydroxycinnamic s eo% - BInorganics lons After the initial ignition, it moved quickly fromldming to smoldering
acid which is typically found in grass combustion. | § " oot phase and kept smoldering for the duration of empmmts without
Contrary to softwood characteristics of pine wood 30% - . extinction. On the other hand, boreal wood needststant addition of
combustion, peat smoke is enriched in all three 20% - fresh wood material otherwise temperatures becameldw even for
groups of tracer compounds. This is not surprising o smoldering. Both kinds of peat had very high dC@d@tios, ranging up
as the peat Is formed through a sequence of geo-bio T > 3 4 5 to 50%, indicating the dominance of smoldering phaturing the
physical and chemical transformation of various Stage experiments. The tendency to produce larger pestictluring the
plant remains. Therefore, tracers in peat smoke are smoldering phase than during flaming was noticetkaaly during

expected to be maturity and origin (i.e. sampling Figure 2A and B. Mass fraction of smoke from Indonesian experiments with Boreal wood. It is interestingntte that the amount of
location) specific. The mass fraction of impactor peat (A) and Northern German peat (B) from Berner impactor .0 . |cted peat was much smaller than that of boseald, yet the

samples from Indonesian peat and German pez@mple. (Stage 1: 0.05-0.14um, 2: 0.14-0.42um, 3: 0.42-1.2um, S : . _
P P P Z: 1.2-3.5um, 5. 3.5-10um.) emission ratios of both kinds of peat were muclhérghan that of boreal

show significant differences for smaller particles. wood. Much more moderate burning condition of pe&ans chemical

Figures 2A and 2B show the mass fraction of OC, reactions which took place in peat combustion wess destructive and

EC, WSOC, inorganic ions and unresolved mass 1o- e probably produced larger molecular weight compounis lower vapor

e o e LT s gt e s e o

(exp. 25 and 26). Notable differences are relativel g | Summary

ggh WOSC a?d inor?ﬁnic ifn fracltions of Nor(tjherrt% ok Physical and chemical properties of emitted pasiciary significantly by
€rman peat on the stage compare G the materials and the phase of combustion.

Indonesian peat. This data seems to support the **- _ The dataset obtained during the EFEU campaign béllused for the

finding of the CCN (Cloud Condensation Nuclei)* - o R numerical models employed to investigate the imp&diiomass burning

measurement from MPIl which showed higher hdcresianpeat lice |20 on the micro to regional scale atmosphere.

number of activated CCN for smaller particles from | — [N German peat [159 216 |
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