
Table 1. Sampling Campaign: To
distinguish between night and day
concentrations, samples were taken
for 12 hours(8 AM to 8 PM and 8 PM
to 8 AM). Each filter represent two
consecutive12 hourssamplingperiod.
All measurements were conducted
during the winter to consider the
domesticwoodheatinguse.
Both samplingregions have different
topographicandventilationconditions
andemissioncontributors.

ABSTRACT

Wood is usedworldwide as energysource. Emissions
produced during wood combustion have been
associatedwith adversehealth effects (Naeheret al.
2007).
In Chile, wood is a substantial energy source. To
characterizetheir contribution and influence on the
total emissionsof particulate matter is essential to
generate information useful for planning,
implementation and development of public policies
regulatingthe useof wood. A core issueof this study
was to identify and characterizethe emissionsfrom
wood combustion in two cities in Chile. PM2.5

concentrations,elementalcarbon(EC),organiccarbon
(OC)and monosaccharideanhydrides(Levoglucosan,
MannosanandGalactosan)resultswereobtained.
The samplingcampaignwas conductedin the two of
the largestcitiesin Chileduringthe winter andautumn
year 2009: Santiagoand Concepcion. In eachcity two
samplingareaswere evaluated: two rural background
sites(Peñaflorin Santiago33° 37.126ΩS70° 54.037ΩW
and Hualqui 36° 58.701ΩS 72° 56.033ΩW in

Concepcion)and two urban backgroundsites (USACH
33° 26.632ΩS 70° 41.049ΩW in Santiagoand Los
Acacios 36° 48.649Ω S 73° 2.682Ω W in

Concepción). HarvardImpactorswere used to collect
day and night (8AM to 8PM) samples of PM2.5.
Sampling was performed according to the QBQ
approach,i.e. one pre-heatedquartzfiber filter on top
of another(SzidatS. et al, 2008) to evaluatethe useof
wood in householdheating.
All filters were prepared and analyzed at the
Norwegian Institute for Air Research
(NILU). Gravimetricand chemicalelemental(inductive
coupled plasma-mass spectrometer) analysis were
made on Teflon filters. EC/OC (thermal-optical
method) and monosaccharide anhydride (High
PerformanceLiquid Chromatographyin combination
with High Resolution Mass SpectroscopyTime of
Flight)werequantifiedin quartzfilters.
Preliminary results show a significant contribution
from the wood burning in particulate matter
concentrations(maximumof 5.62 %of levoglucosanto
PM2.5) a goodlinearityby correlatingmeasurementsof
PM2.5 and levoglucosanwas observedin all sites (R2

0.629- 0.858). There was also an increase in the
concentrationof levoglucosanat night (between1,3 to
2,6 timeshigher),particularlyin the backgroundsite of
Santiago. On the other hand, in Concepciónnot
significantdifferenceswere establish. Finally,the OC/
ECratios obtained in this study were comparedwith
bibliographic source measurements in Europe i.e.
Silanpaaet al. 2005.
These findings suggestthat there is an increase in
PM2.5 and levoglucosan concentrations, produced
overnight, probably due the atmosphericconditions
prevailingin the centralregionof Chileand localwood
burning.

OBJECTIVES

1- Determinethe contribution of wood in particulate
matter for Santiago and Concepción, using
backgroundssites(ruralandurban).
2- Compare the wood emissionsand contributions
betweencitiesandperiodsamples.

CONCLUSIONS

-The results of AnhydresMonosacharides,PM2.5 and
Potassium concentrations demonstrated the high
contribution of wood smoke in particulate matter in
the atmosphereat SantiagoandConcepción.
- During night, in Santiago,high concentrationswere
found at the rural backgroundsite,due intensivewood
consumption as well atmospheric conditions. At
Santiagourban backgroundsite similar results were
not observed.
-In Concepción,the highest levels of wood burning
weremeasuredat night at the urbanbackgroundsite.
-We found similar EC/OC,MA/POM and EC/POM
values when we compare our results with similar
measurements,previouslydonein Europeancities,
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Study Design and Campaign

Methods
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Figure 1. SamplingSites: The sampleswere taken in 4 sites. In Santiago,the sampleswere taken at USACH(Urban
background)andPeñaflor(Ruralbackground). In Concepción,the sampleswere takenat LosAcacios(Urbanbackground)
andHualqui(Ruralbackground).
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Region Description
Period

(day and night 
sampling time)

Santiago

HighlevelsPMandpoor ventilation.
Vehicle fleet growth as well as some
industrial sectors. Almost 50% Chilean
population.

25 june-28 July 
2009 (Winter)

Concepción

Pronounced industrial area with
steelworks, oil refinery, fishing industry,
paper mill and power stationsusingfossil
fuels. Considerablecontribution of wood
burningemissionandmarineseasalt.

12-25 July 2009
24 August ς6 
September 
(Winter)
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Figure9. Contribution of wood to PM2.5: Usingprevious
results(Mazzoleniet al. 2007) that associatelevoglucosan
emissionsand PM2.5 emissionsfrom different wood types
combustion was possible to obtain the contribution of
wood useto total PM2.5 in all analyzedsites. For Peñaflor
(A) there was a high contribution of wood use in PM2.5

(90%). On other hand , in USACH(B) (urban background)
the contributionwaslessthan de rural background(31%).
In Concepciónthere were not differencesbetween the
rural (C)(Hualqui,81%) and urban (D) (LosAcacios78%)
backgroundstelling that in Concepciónthere is a wide use
of wood for heatingamongthe population.
Thecontributionsof biomassburning,showedhere,have
high values of uncertainty because to obtain realistic
άƭƻŎŀƭέemissionfactor from wood combustionis a very
demandingtask. Mainly, the combustionconditions are
very important to estimate the PM2.5 contribution (i.e.)
the oxygeninvolvedin the combustionprocess,the type
of wood, the moisture of wood among others.
Nevertheless,in this studywe usedthe emissionratesfor
eucalyptus,a commontree specieusedaswood in Chile,
measuredby Mazzoleniet al. 2007.
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Figure 2. Measured PM2.5

concentrations: In Santiago,
the PM2,5 concentrations
were higher at nights than
at day periods. For
Concepción, Los Acacios
showed the same pattern,
on the other hand not
differences were observed
at Hualqui when night and
daysampleswerecompare.

Figure8. Comparisonof results: Basedon previousresults (Sillanpaaet al.
2007) somecomparisonswere done with previousresultsobtained in other
cities.
A)TheOC/ ECratio wascomparedbetween the actual resultsand previous
publishedresults. The OCto ECratios in PM2.5 has been associatedwith
different sources. A low OC to ECratio has been associatedwith traffic
sources(2.2 and 0.8 for light-duty gasolineand heavy-duty diesel vehicles,
respectively),aswasobservedat USACH,whereasresidentialheating(wood
combustion4.15) observedat Peñaflor,both siteslocatedin Santiago. Forest
fire (14.5) and dust from pavedroads(13.1) haveshownremarkablyhigher
ratiosat LosAcaciosandHualquiin Concepción.
B)The EC/ POM was comparedbetween different cities (POM: particulate
organicmatter was calculatedas OCx 1.4). Roadtraffic has been assessed
from the ratio of ECto POM, its relative impact was largest in USACH.
Although the European cities presented higher values than the cities
measuredin this study.
C) The biomassburning was estimated as MA / POM ratio (MA: sum of
monosaccharide anhydrides: levoglucosan + galactosan + mannosan).
Peñaflor showed the highest value between the 4 Chileancities and its
valuesweresimilarto AmsterdamandPrague.

Figure7. Potassiumaswood tracer: Using
five chemicalelements(Si,K, Fe,Caand
Al) ƛǘΩǎpossible to found important
differences between day and night for
Peñaflor, but not for USACHSantiago
sites. Similar results are observedat Los
Acacios. The differences could be
explaineddue the domesticwood heating
at nights.
In Hualqui the high valuesoccursduring
daily hours due the use of wood for
cookingandheating.

ConcepciónSantiago 

Figure6. Potassiumand Levoglucosan: Correlationsbetweenlevoglucosan
and potassiumwere obtained for Santiagoand Concepción. For Santiago
the correlation was (R2: 0.59), and for Concepciónwas (R2: 0.78). Similar
resultswere observedin Austrianregionsduringcoldseason(Caseiroet al.
2008).

Figure 5. Levoglucosanand PM2.5: High correlation between PM2.5 and
levoglucosanconcentrationswere observed (ranging from R2: 0.628 to
0.857). Theseresultsindicatean important impactof wood smokein PM2.5

concentrationsat all measuredsites.
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Figure3. Levoglucosanconcentrations:
The Levoglucosan concentrations
(expressed as percentage of PM2.5)
were comparedbetweennight and day
for all sampledsites. ForSantiagothere
was an increase in nighttime
contribution meanwhile in Concepción
there wasnot significantvariations.

Figure4. Night and day levoglucosanconcentrations: For
all sampledsites, there was an increasein levoglucosan
concentration during the night. These results give
information about a possible increase,during night, in
levoglucosanconcentrations,due emissionincreases or
due atmosphericconditions(inversionlayer height). The
major increasefor levoglucosanconcentrationnight / day
rate wasmeasuredat Peñaflor(apx. 400%).

The atmospheric12 hours PM2.5 sampleswere collected in teflon and quartz 37 mm diameter filters using Harvard
Impactors that works at 4 LPM. The teflon filters were analyzedfor gravimetricmeasurementsand usinginductively
coupledplasma-massspectrometer(ICP-MS)it wasdeterminedthe presenceof chemicalelements(K,Cd,Fe,Al,Pb,etc).
Thequartz filters were analyzedby a homemadethermal-optical equipment (TOT),and one at a time, to differentiate
betweenorganicand elementalcarbonrespectively. Also,the samesampleswere usedto monosaccharideanhydrides
(levoglucosan,manosanand galactosan)analysisby high-performanceliquid chromatographywith an electrochemical
detector. All chemicalandgravimetricalanalyseswerecarriedout by NILU(NorwegianInstitute for Air Research).

-Theresultsof AnhydridesMonosaccharide,PM2.5 andPotassiumconcentrationsdemonstratedthe highcontribution
of woodsmokein the air pollution qualityof SantiagoandConcepciónatmosphere.
-In Santiago,the high concentrationsfound during night at the rural backgroundare due to wood consumptionand
adverseatmosphericconditions.
-In Concepción,the highestlevelsof woodburningweremeasuredin the urbanbackgroundduringthe night.
-SimilarEC/OC,MA/POMandEC/POMvalueswere found,comparingour resultswith similarmeasurementsprevious
donein Europeancities


