Atmos. Chem. Phys., 10, 2063377, 2010 iy —* -

www.atmos-chem-phys.net/10/2063/2010/ Atmospherlc
© Author(s) 2010. This work is distributed under Chemls_try
the Creative Commons Attribution 3.0 License. and Physics

Physicochemical properties and origin of organic groups detected in
boreal forest using an aerosol mass spectrometer

T. Raatikainen?, P. Vaattovaara, P. Tiitta2, P. Miettinen?, J. Rautiainer®, M. Ehn4, M. Kulmala 4, A. Laaksonent2,
and D. R. Worsnopt24°

Finnish Meteorological Institute, P.O. Box 503, 00101 Helsinki, Finland

2Department of Physics and Mathematics, University of Eastern Finland, P.O. Box 1627, 70211 Kuopio, Finland
3Department of Chemistry, P.O. Box 55, 00014 University of Helsinki, Finland

4Division of Atmospheric Sciences, Department of Physics, P.O. Box 64, 00014 University of Helsinki, Finland
SAerodyne Research Inc., 45 Manning Road, Billerica, Massachusetts, USA

Received: 18 September 2009 — Published in Atmos. Chem. Phys. Discuss.: 19 October 2009
Revised: 1 February 2010 — Accepted: 11 February 2010 — Published: 23 February 2010

Abstract. An Aerodyne quadrupole aerosol mass spectrom-vious observations of oxygen content, volatility and hygro-
eter (Q-AMS) was deployed in Hyyla, a forested rural scopic growth factor, simultaneously coupling all three mea-
measurement site in southern Finland, during a 2-week measurements for the first time.

surement campaign in spring 2005. Q-AMS measures mass
concentrations of non-refractory species including sulphate,

nitrate, ammonium and organics from submicron particles.; |ntroduction

A positive matrix factorization method was used in identi-

fying two oxygenated organic aerosol (OOA) groups from Organic species have different chemical and physical prop-
the measured total organic mass. The properties of theserties and they constitute a significant fraction of submicron
groups were estimated from their diurnal concentration cy-(PM;) continental aerosol particle masSaikena and Hilde-
cles and correlations with additional data such as air masgnann 1996. Therefore, they have a significant effect on
history, particle number size distributions, hygroscopic andaerosol properties (e.g. hygroscopicity, particle growth and
ethanol growth factors and particle volatility. It was found cloud droplet activation) and ultimately on the global cli-
that the aged and highly oxidized background organic aerosomate.

(OOAL1 or LV-O0A) species have a wide range of hygro-  The main inorganic species (sulphate, nitrate and ammo-
scopic growth factors and volatilization temperatures, but omnjum) can be characterized rather easily from submicron par-
the average OOAL is the less volatile and more hygroscopigicles, but the organic fraction is a mixture of thousands of
organic group. Hygroscopic properties and volatilities of the different species with low concentrations. Some of the or-
OOAL species are correlated so that the less volatile specigganic species can be identified, for example, by analyzing
have higher hygroscopic growth factors. The other, less oxfilter samples Anttila et al, 2005ab), but usually the iden-
idized organic aerosol group (OOA2 or SV-OOA) is more tified mass is only a small fraction of the total organic mass.
volatile and non-hygroscopic. Trajectory analysis showedEven if individual species have low concentrations, they may
that OOAL and the inorganic species are mainly long-rangebe important when considered as a group of similar species.
transported anthropogenic pollutions. OOA2 species and its The Aerodyne Aerosol Mass Spectrometer (AMS) is able
precursor gases have short atmospheric life times, so thego detect non-refractory species such as ammonium, sul-
are from local sources. These results span the range of prgphate, nitrate and organics in submicron particles at about
10 min time resolutionJimenez et al.2003 Canagaratna

et al, 2007). For organic analysis, individual species cannot

Correspondence tol. Raatikainen be identified within the measured total non-refractory mass
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(CPCA) Zhang et al.2005, multiple component analysis night. Usually polar substances are soluble in polar sol-
(MCA) (Zhang et al.2007) and more recently positive ma- vents and insoluble in non-polar solvents. Because ethanol
trix factorization (PMF) Lanz et al, 2007, Ulbrich et al, and water have different polarities, hygroscopic and ethanol
2009 have been used in identifying organic groups within growth factors are expected to have opposite trends, though
total organic mass. More and less oxidized oxygenatedsometimes this is not the cadgdfy et al, 2004 Vaattovaara
(OOA, types 1 and 2) and hydrocarbon-like (HOA) organic et al, 2009. Similarly to the growth factors, particle volatil-
aerosols are examples of typical organic grol@¢ et al, ities are based on size measurements before and after heating
2007 Ulbrich et al, 2009. Recently OOA1 and OOA2 have (O’Dowd et al, 200Q Ehn et al, 20078). Commonly partic-
been called (low-volatility) LV-OOA and (semi-volatile) SV- ulate species have a wide range of volatilization temperatures
OOA, respectivelyJimenez et a]2009. starting from highly volatile organics to non-volatile species
Organic aerosol groups are not well-defined chemical subsuch as sea salt and black carbon.
stances having an exact mass and molecular formula, but Growth factors as well as particle volatilities can be pre-
complex mixtures of organic compounds described by av-dicted when particle composition is measured and physi-
erage properties. The exact mixtures making up OOAL anctal and chemical properties of the components are known
OOAZ2 are likely to vary temporally and spatially; however, (Aklilu et al., 2006 Varutbangkul et a).2006 Gysel et al.
large differences in the AMS signatures or in the properties2004 2007). Such analysis have been limited by poor knowl-
of the groups have not been seen in the AMS measuremenedge of properties of the aerosol organic fraction, since or-
conducted around the worldN§ et al, 2009. Therefore, ganic species have diverse properties and their concentra-
these organic groups are becoming common representativamns vary with time. Organic groups such as OOA1, OOA2
of the aerosol organic fractiodifnenez et al2009. and HOA contain chemically and physically similar species,
A quadrupole AMS from the University of Kuopio was so it should be possible to describe their properties by aver-
one of the instruments used in the intensive spring 2005 meaage values. These could be then used in describing properties
surement campaign in Hyya, which is a rural measure- of the aerosol organic fraction.
ment site in southern Finland. Additional information about Because properties of the inorganic species are generally
the campaign can be found from related publications suchwell known, we will concentrate on the organic fraction. We
asEerdekens et a[2009; Kulmala et al.(2008; Riipinen will divide the organic fraction into two groups and estimate
et al. (2007); Ehn et al.(20078H. Hyytiala represents conti- their average properties (e.g. hygroscopicity, ethanol affinity,
nental background boreal forest where a significant fractionvolatility and origin) based on their mass spectra, correlation
of particle mass is organi&K(ilmala et al, 2001). Previously, = with measured growth factors and volatility, diurnal concen-
Hyytiala aerosol composition has been measured directly, fotration variations and analysis of back trajectories.
example, by Q-AMS Allan et al, 2006 and by analyzing
filter samples Cavalli et al, 2006 Anttila et al, 2005ab;
Kourtchev et al.2005 Makek et al, 2003). Aerosol com- 2 Measurements
position can be inferred from measured particle properties.2 1 The site
such as hygroscopicity, ethanol affinity and volatilitgu(- '

mala et al, 200’7: Boy et al, 2004 Hameri et al.200% Ehn \easurements were made at Hyajdi SMEAR I (Station for
etal, 2007h O'Dowd et al, 2000. ~ . Measuring Forest Ecosystem-Atmosphere Relation) site dur-
Filter sample analysisSaarikoski et al. 2005 Niemi jq4 gnring 2005 BACCI (Biosphere-Aerosol-Cloud-Climate
et al, 2009 have identified 80% of the total Hyglia PMy | yteractionsKulmala et al, 2008 and QUEST (Quantifica-
aerosol mass with ammonium sulphate (ca. 40%) and orgaryjo, of Aerosol Nucleation in the European Boundary Layer)
ics (ca. 35%) as the main components. The rest of the 'dent'éampaigns. We will focus on time period from 31 March
fied mass is mainly elemental carbon, nitrate, potassium ang, 15 April 2005 when the AMS was operating. The site is
sea salt. With the exception of potassium and species fromMyascribed invesala et al(1998, Kulmala et al.(2003) and
refractory material such as elemental carbon, metal oxidesHari and Kulmalg2005. Briefly, Hyytiala is a rural forested
fly ash, crustal material and sea salt, the AMS can detect the, .5 <urement site in southern Finland WIN, 2417 E,
above mentioned specieSgnagaratna et a2007). 181 m above sea level), in the middle of the boreal forest belt.

Particle hygroscopicity and ethanol affinity can be de-the closest major city is Tampere (population 204 306 at the
scribed by growth factors, which are defined as a diameter 0§, of 2005) about 60 km S—SW from the station.

a droplet being in equilibrium with water or ethanol vapour,  The SMEAR |l station has a number of continuously op-

diVid?d by the dry size. Previous studiedameri et al.  oated instruments for measuring, e.g., particle size distribu-
2001 Boy et al, 2004 Petja et al, 2005 Ehn etal, 20073 yjons, gas phase concentrations and meteorology. In particu-

have shown that hygroscopic growth factors have a clear diyy;. gjze distributions of 3-1000 nm particles are measured by

urnal cycle in Hyytala so that they are highest during days 4 yin pifferential Mobility Particle Sizer (DMPS) system at
and lowest during nights. This indicates that the fraction ;4,t 10 min time resolutiorA@lto et al, 2001).

of less hygroscopic material such as organics is higher at
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2.2 Growth factors 2.3 Particle volatility

Two tandem differential mobility analyzers (TDMA) were The third tandem DMA instrument, the ultrafine volatility
measuring particle growth factors (GF), defined as droplefTDMA (VTDMA), measures particle size distribution af-
size after exposing a dry particle to a solvent vapour dividedter heating a narrow size range of dried (RH%) ambient
by the dry size. The hygroscopicity TDMA (HTDMA) mea- particles to 50, 150 and 28C temperaturesTiitta et al,
sures growth factors in water vapoirader and McMurry ~ 2010. The instrument setup is similar to the HTDMA and
1986 Hameri et al.200Q Ehn et al, 20073 and the organic  OTDMA setups, but instead of a humidifier, our VTDMA
TDMA (OTDMA) uses ethanol vapourdputsensaari et al.  contains three parallel heating tubes, which can be selected
2001, Vaattovaara et g12009. by a computer controlled valve assembly. The residence time
Both instruments have similar operating principles. of the particles in the heating column is about 1.5 s, which is
Briefly, the first DMA selects a narrow size range from dried enough for evaporating a narrow size range of ultrafine par-
ambient particles (with RH less than 3% and 15% for the cur-ticles Philippin et al, 2004 Villani et al., 2007). This was
rent OTDMA and HTDMA, respectively). These dried par- also confirmed in our laboratory experiments, which showed
ticles are then exposed to a solvent vapour and the resultinthat results for mixed ammonium sulphatepinene particles
size distribution is measured by the second DMA and a conwere not dependent on residence time. Before the second
densation particle counter (CPC). Final size distributions carDMA, there is a cooling section and an absorber tube con-
be much wider than the original ones and more than one partaining activated carbon for removing evaporated vapours.
ticle mode can be present. The reported GF values are baselist as in the case of HGF and EGF measurements, volatili-
on mean diameters describing average growth properties. ties were measured for different initial dry particle sizes, but
It is possible to vary solvent vapour saturation ratios, butonly the 50 nm data is used here.
in this case hygroscopic (HGF) and ethanol (EGF) growth Size distributions of dried 50 nm particles heated to 50,
factors were measured at about 88 and 82% saturation ratio450 and 280C were measured successively within 20 or
respectively. Itis also possible to measure growth factors fol30 min. Because 50 nm was not the only initial size, one
different initial particle sizes starting from a few nanometres 50 nm temperature series was measured once in 60 or 90 min.
up to hundreds of nanometres. Because the TDMA instru-The reported time values are mean times of the successive 50,
ments in this study are designed for ultrafine particles, thel50 and 280C measurements for 50 nm particles.
highest measured initial particle dry size was 50nm. Only Instead of calculating growth or shrink factors, we calcu-
the 50 nm data is used here as it is closest to the AMS sizéated volume fractions for particulate species evaporating at
range. different temperature ranges. Volume fractions are based on
EGF and HGF can be calculated for a known ideal dryaverage particle volumes (total particle volume divided by
particle as a function of solvent (subscrijtmole fraction  total particle number) calculated from the measured size dis-
(xs): tributions, which were corrected for size dependent transmis-
sion efficiency Tiitta et al, 2010. Results showed negligi-
M (1) ble evaporation below 5CC. For example, geometric mean
1/xs =1 diameters of particles heated to 5D were from 47.4 nm to
&, v andv; are dry particle volume fraction, dissociation 51.1nm with an average of 49.8nm, which is very close
fraction and molecular volume of speciﬁgespective|y_ In to the 50 nm initial size. Therefore, this lowest tempera-
practice, growth factors are measured as a function of solture range £50°C) was not included here; furthermore, be-
vent vapour equilibrium saturation ratio, which is a product cause 50C particles were sometimes larger than the initial
of solvent activity coefficient, mole fraction and a curvature 50 hm particles, 50C average particle volumes were used as
term depending on droplet size, surface tension, and size df]itia! volumes. \(olume fractions were then calculated for
the solvent molecule. species evaporating at temperature ranges 50-150, 150-280
When solutes are expected to behave independently, the@nd>280°C.
properties in Eq. 1) can be replaced by growth factors  This average particle volume approach is valid when par-
of pure components at the same solvent mole fractionticles do not evaporate completely at the measurement tem-
The resulting mixing rule based on the Zdanovskii-Stokes-Peratures. For example, if some particles were completely

GP =1+

Robinson (ZSR) equatiorS(okes and Robinsoa966) is: evaporated at 200C, 280°C average patrticle volume would
5 3 be overestimated. The validity of the approach was con-
GF =Z$iGFi (2)  firmed by correlating total particle number concentrations
i

from the 50, 150 and 28@ measurements. Unit slopes and

Pure component growth factors are readily available for theh€ar zero offsets of linear fits indicate no particles completely

common inorganic species, but not for atmospheric organics‘(?VaPOl;ate’ in good agreement with the finding&bh et al.
20078h.
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2.4 AMS 2063/2010/acp-10-2063-2010-supplemend.pdirhe oven
temperature was changed from initial value of 8@0to
The Aerodyne Quadrupole Aerosol Mass Spectrometer (Q700°C on 5 April and finally to 750C on 11 April. These
AMS or briefly just AMS) was placed in a measurement changes had clear effects on signal noise levels and on some
cottage close to the other instruments. The AMS measureghass peaks (e.g1/z23 and 41, Na and the*'K ). For this
mass concentrations of non-refractory Pierosol species reason, organim/z41 peaks were selected to be 80% of the
as a function of particle size at about 10 min time resolution.organicm/z 43 peaks. In addition to the oven temperature
Here non-refractory refers to species detected via thermal vaghanges, aerodynamic lens was adjusted on 7 April. Com-
porization at~600°C temperature. Therefore, the AMS can pared to the total particle volume from DMPS measurements,
not detect black carbon (BC), sea salt or crustal material AMS mass concentrations doubled after the lens adjustment.
Typically these species have low concentrations in the subBecause of these oven and lens adjustments, there is uncer-
micron continental background aerosBe{nfeld and Pandis  tainty in absolute mass concentrations. However, mass ratios
2009. and fractions are meaningful, since all mass concentrations
Thorough description of the instrument and data analysisare biased by the same factors.
are given elsewhereléyne et a).200Q Allan et al, 2003
2004 Jimenez et a)2003 Alfarra et al, 2004 Canagaratna 2.4.1 Positive matrix factorization
et al, 2007). Briefly, the AMS is composed of inlet, aero- _
dynamic lens, sizing chamber, oven, ionization chamber and” the case of organic aerosol mass spectrometry, the pur-
mass spectrometer. The sample flow rate is kept constant bjose of the component analysis techniques is to find time-
a critical orifice. The particle beam is focused by the aero-deépendent concentrations and mass spectra for two or more
dynamic lens and most of the air is removed in a differen-Organic groups (factors) so that their sum (predicted time-
tially pumped vacuum system. Due to the pressure drop afépendent mass spectrum) would match the measured one.
the exit of the lens, particles are accelerated depending off 0Sitive matrix factorization (PMF) and component analy-
their size, density and shape. The sizing chamber containgiS techniqueszhang et al.2005 2007) are similar meth-
a chopper, which is a movable rotating disc with two nar- ods for solving this prot_)l_em, but constraints are used in the
row slits. After traversing the sizing chamber, particles im- PMF method to get positive concentrations and spectra. The
pact the oven, which is a porous tungsten block heated t¢”MF Evaluation ToolWlbrich et al, 2009 based on version
about 600C temperature. Vaporized molecules are ionized4-2 of PMF2 algorithm Raatero and Tappet994 Paatero
by electron impact ionization (70 eV) and positive ions are 1997 was used in analysing current data. PMF2 was run
detected by the quadrupole mass spectrometer. Mass spectfs@ robust mode for different rotational parameter (FPEAK)
(ions/s) are measured with unit mass per chany@ (esolu- values from—1.5 to 1.5 anq up to four factors. All other
tion up to 300m/z PMF2 parameters had their default values. Weak variables
Usually two measurement modes, MS (mass spectrum§iS well asm/z 44 related peaks were downweighted and

and PTOF (particle time of flight), are alternated during each® Minimum error critéria was applied as describediiorich
time step. A full mass spectrum (ion signal as a function &t &l-(2009. In addition to thatm/z41 and 43 were down-

of m/2 is measured in the MS-mode. Based on known jonWeighted by a factor o&/2 asm/z41 depends directly on
fragmentation patterns, air and inorganic species are easil{f/243. More details about the FMF analysis are given in
separated within the measured spectrum; the remaining ion§1€ supplementary materiaht{p://www.atmos-chem-phys.
are largely from organicsAllan et al, 2004. Mass concen- N€Y/10/2063/2010/acp-10-2063-2010-supplement.pdf
trations (ugm?) are calculated from the ion signals by using ~ Calculations showed that only two distinct factors could
measured air sample flow rate, nitrate ionization efficiencyP® identified. Additional factors were merely noise or lin-
(IE), relative IE’s of the other species (RIE) and collection €& combinations of the two factors, or one factor was
efficiency. A default collection efficiency of 0.5 was used 1USt SPlit into two or more parts. Two-factor solutions
in our calculations. Based on expected charge balance be&®€m 0 be somewhat sensitive to the rotational param-
tween the detected cations (ifHand anions (ng’ NO; eter FPEAK. Reasonable factors were foun(_:I for FP_EAK
and CF), ammonium RIE was changed to 5.5 from the de- va_tlues from 0 t0—0.3, so the mean value i.e. solution
fault value of 4. It is quite common that ammonium RIE is With FPEAK=—0.15 was selected to be used in the cal-
adjusted, and in fact, common RIE values range from 3.5 ygeulations. In practice, these factors based on different
to 6.0 Canagaratna et a007). PTOF-mode can be used FPEAK values have very 5|m|la_r concentration time series
for measuring size dependent mass concentrations, but di@d only them/z44 peaks are different. Because our cal-
to low mass concentrations, PTOF data was found to be togulations are based on concentrations, results are not sen-

noisy for reliable analysis. Therefore, it is not used here. ~ Sitive on FPEAK values. More details are given in the
There were some non-standard adjustments during th§UPPlementary materiah{tp://www.atmos-chem-phys.net/

campaign. Detailed explanation is given in the sup-10/2063/2010/acp-10-2063-2010-supplemen}.pdf
plementary material hitp://www.atmos-chem-phys.net/10/
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Fig. 1. Mass concentrations of the main species as a function OfFig 2. Mass spectra of the two organic aerosol groups
time (UTC+2). o '

due to small differences between instruments and in instru-
ment adjustments, but it is also possible that OOA2 species
and their age depend on location. For example, it could be
expected that Hyyéila OOA2 species are slightly different

sulphate (S&) and total organics (Org) in submicron par- etal, 200?)' o . o

ticles were calculated according to the standard AMS data OOAL is a low-volatility, highly oxidized, aged, long-
analysis procedurelimenez et a].2003 Allan et al, 2004 range transported background organic aer_osol_fractla_nz(
Alfarra et al, 2004. Average mass concentrations (mass et @l, 2007 Huffman et al, 2009. Due to its high oxida-
fractions in parenthesis) were 0.20/pg (10%), 0.25 ugm? tion rlat|o, OOA1 species are I|ker_ to be somewhat hyg_ro—
(12%), 0.33 ugm® (16%) and 1.24 pgn® (61%) for am-  SCOPIC. The less oxidized OOA2 is composed of possibly
monium, nitrate, sulphate and organics, respectively. Othefemi-volatile photo-oxidation products of volatile organic
species such as non-sea salt chloride and polycyclic arova@pours kanz et al, 2007). As a result, the OOA2 concen-
matic hydrocarbons (PAH) were ignored, because their aviration has a diurnal cycle with maximum during night, es-
erage concentrations were only a few nanograms per cubig€cially after days with elevated photochemistrgiz et al,
meter, i.e. less than their detection limiBréwnick et al, ~ 2007. Thisisin good agreement with the findingdbrich
2009. et al.(2009.

Concentrations of the main species are shown in Eig.  Oxygen content of the organic groups can be estimated
All times reported here are in Finnish winter time (UTC+2). from theirm/z44 peaksAiken et al, 2008. As described in
Itis possible that the organic peak on 3 April is from Tampere Sect.2.4.1, them/z44 peaks of the OOA groups depend on
or Korkeakoski, which is a nearby village with a sawmill. ~ the rotational parameter FPEAK, and a mean FPEAK value

The time-dependent organic mass spectrum was analyze§as selected from all reasonable FPEAKS. The range of pos-
by the PMF method as described in S&ctt.1 As in previ-  Siblem/z44 values is then from 17-21 and 2-5% for OOA1
ous studiesZhang et al. 2007, two types of oxygenated and OOA2, respectively. Based on th&en et al.(2008
organic aerosol (OOA) groups were found. Other com-linear fit between oxygen to carbon atomic ratio (O:C) and
monly found organic groups such as hydrocarbon-like and™/z44 peak, our OOAL and OOAZ O:C values are about
wood burning organic aerosalnz et al, 2007 were not ~ 0.77+0.10 and 023+0.08, respectively. Explicit O:C values
seen here. This is not surprising since their characteristi¢an not be calculated from the umit/’zresolution data. As
peaks were practically absent from the observed mass spe€hown inJimenez et al(2009 andNg et al. (2009, these

tra, namely,m/z57 andm/z 60 peaks were only 1.1% and m/z44 and O:C values are very representative of the range of

Mass spectra of the two organic groups are shown inAMS measurements.
Fig. 2. The upper spectrum is typical for type 1 oxygenated Concentrations of the two OOA groups are shown in
organic aerosol (OOA1) and the lower spectrum is closesfig. 3. Average mass concentrations (mass fractions from
to type 2 OOA (OOA2) shown ianz et al.(2007. Pub- the total mass) of OOAL and OOA2 are 0.6Ymg (30%)
lished OOA1 spectra are commonly very similar, but OOA2 and 0.64 ugm? (32%), respectively.
spectra can have some differences (seelaugz et al, 2007, Tablel contains correlation coefficients and their squares
Ulbrich et al, 2009 Ng et al, 2009. This variability may be  (r andr?) for OOA1, OOA2, NH, NO; and S~ mass

3 Results

3.1 Mass concentrations

www.atmos-chem-phys.net/10/2063/2010/ Atmos. Chem. Phys., 10, 20632010
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5 —— OOA1 Table 1. Pearson correlation coefficients) @nd their squares for
9z —— OO0OA2 the mass concentrations of the main species.
§ ] roo?
8 3+
s OOA2 OOAl 0.16 0.03
< 2 OO0A2 NS::‘ 0.37 0.14
2 OOA2 NH; 042 0.8
217 0OA2 SG~ 050 0.25
0 o — e OOA1 Sﬁ_ 0.62 0.38
2.4.2005 6.4.2005 10.4.2005 14.4.2005 NOz SO, 068 046
Date and Time OOAl NO; 0.75 0.57
OOAl NH; 079 0.63
Fig. 3. Mass concentrations of the two organic aerosol groups. NHT soﬁ* 084 0.71

1 _
NH;  NO; 088 0.78

concentrations. As expected, ammonium is correlated with

sulphate and nitrate, which means that ammonium sulphate

and ammonium nitrate are the main inorganic salts. Ammo-ions or salts. Densities are needed for calculating vol-
nium, nitrate and sulphate are also correlated with OOA1,ume concentrations from mass concentrations; these are
because they all are mostly long-range transported. OOAZ2available for the inorganic compounds, but not for the or-
which is likely from local sources, is least correlated with the ganic groups. Different volume fraction approaches were
other species. However, in good agreement with the findinggested by fitting the ZSR model (EQ) to the experimen-

of Lanz etal(2007), NO; and OOA2 were clearly correlated tal HGF and EGF values (measured for dried 50 nm parti-
during the clean air periods. For example, their correlationcles at about 88% and 82% saturation ratios, respectively).
coefficient for the period from 31 March 2005 10:00 UTC+2 Fitting parameters, i.e. pure component growth factors in

to 3 April 2005 22:30 UTC+2 is 0.83-¢=0.68). water and ethanol vapours, were forced to be greater or
. _ equal to one as this is commonly the physical minimum
3.2 Correlation with growth factors growth factor value. Calculated volume fractions were noisy

] ) ) when the total mass concentration is below 0.1 so
When (time-dependent) volume fractions of particulate hese points were not included in the fittings. More de-

species and their constant pure component growth factors argjis about the growth factor correlation are given in the
known, it is possible to predict (time-dependent) mixed part"supplementary materiahitp:/mwww.atmos-chem-phys.net/

cle growth factors by using the ZSR mixing rule (. Vol- 10/2063/2010/acp-10-2063-2010-supplemen}.pdf
ume fractions can be obtained from VTDMA measurements - C
. It was found that HGF predictions were significantly bet-

or these can be calculated from mass concentrations of th )

) : . er when OOA1 and OOA2 were used instead of total or-
AMS species when their densities are known. Our purpose,_ . o o .
. - . ganic mass, but predictions were not sensitive to specia-
is to find optimal pure component growth factor values for

the OOA groups. Pure component growth factors are deterElon of the inorganic species. Therefore, a simple ZSR

. o . - model containing OOA1, OOA2 and inorganic ions as a sum
mined by fitting the ZSR equation (E8) containing known + _ _
volume fractions from both AMS (Se@.2.1) and VTDMA (NH{-+NO; 4507 ), was selected. Because these are not

hemical n heir densiti nn found from
(Sect.3.2.2 measurements to the measured HGF and EGI‘—C emica substa cgg,t eir densities can not .be ound fro
. the literature. Densities of the sulphate and nitrate salts are
values. As a result, there will be four sets of pure compo-

nent growth factors, i.e. ethanol and water growth factors forbetWeen 1.7:and 1.ggn, so the inorganic density was set

both AMS and VTDMA groups. By using the fitted pure to 1.7gene. For examp_le,KlenQIer-Scharr et al(2009
.~ report an average organic density of 1/8i°. Because
component growth factors and measured volume fractions . .

. : S OOAL1 is expected to be more dense than OOA2, their den-
the ZSR equation can be used in predicting growth factors_... 1 aan® and 1.2 dem? velv. Fi
(Sect3.2.3 sities were set to 1.4/gm° and 1.2 gcm®, respectively. Fit-

e ted pure component EGF and HGF values as well as average
321 Growth factor correlations based on AMS data volume fractions of the species are given in the Tabl&€he
correlation coefficient) was 0.63 for both HGF and EGF
There are multiple ways to calculate volume fractions for thefits.
ZSR equation. For example, it is possible to estimate con- When testing different fitting methods (linear and ZSR
centrations of known inorganic compounds, €Nji4)2SOy models, weighted and unweighted minimization, total mass
and NH;NO3, from ion concentrations. It is also pos- concentration noise limits, speciation and densities of the

sible to use separate species or sums of organic groupspecies), it was found that growth factors of OOA2 and
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Table 2. Fitted pure component hygroscopic (HGF) and ethanol Table 3. Fitted hygroscopic (HGF) and ethanol (EGF) growth fac-
(EGF) growth factors and their standard deviations as well as avtors and their standard deviations as well as average volume frac-
erage volume fractionst] for the inorganic species and the two tions §) for species evaporating at different temperature ranges.
organic groups.

HGF EGF £ (%)
HGF EGF & (%
§ (%) 50-15(°C  1.00:0.04 1.19-0.01 51
NHI+N03—+So§— 1.53+0.02 1.006:0.01 28 150-28C°C 1.52£0.04 1.0@-0.02 38
OOA1 1.2900.02 1.12:0.01 35 ~280°C 1.28:0.12 1.08-0.04 11
00A2 1.00£0.02  1.16:0.01 37

150-280°C, indicating the>280°C growth factors are not

inorganic species were always very similar, but OOA1 HGFreliable. It is possible that this volume fraction just contains
values showed some variability. It appears that most OOA2species like crustal material, sea salt and black carbon which
species are non-hygroscopic, but a range of water solubldave very different growth factors. Charring of the organ-
species with different hygroscopic properties are included inics is not likely source of non-volatile materiaPHfilippin
OOA1. et al, 2004, but polymerized organics can have very high

Fitted growth factors given in Tabare in good agree- Volatilization temperature@lberer et al.2004 Ehn et al,
ment with known and expected chemical and physical prop-20078. Also, the low average volume fraction (11%) and
erties of the species. Ammonium, nitrate and sulphate saltsimilarity with the 150-280C fraction makes the fit less sen-
are highly hygroscopic, but sparingly soluble to ethanol. Forsitive to>280°C growth factor values.
example, ethanol GF of a 100 nm ammonium sulphate parti- The interpretation of the fitted growth factors (TaB)eis
cleis 1.0 and hygroscopic GF is 1.46 at 80% saturation rationot as simple as in the case of the AMS fitting (TaBje
and at 90% saturation ratio they are 1.0 and 1.76, respectiveliixtures of crustal material, sea salt and black carbon, which
(Joutsensaari et al2001). It is not surprising that OOA1 are not volatile at 280C, can explain-280°C growth factor
HGF is higher than that of OOA2, because OOAL is more ox-values. V\olatilization temperatures of ammonium sulphate
idized and polar. Water soluble organics have a wide rangend ammonium bisulphate are around 2GQJohnson et al.
of hygroscopic growth factors. For example, low molecu- 2004 Villani et al., 2007, which is in good agreement with
lar weight dicarboxylic acids, which are counted as OOAL, the fitted 150-280C growth factors. Ammonium nitrate
have HGF between 1.0 and 1.37 at 80% RMefni et al. should have been evaporated below 16QJohnson et a|.
2003J). In addition to the known organic species, hygroscopic2004 Villani et al., 2007, but this is not seen in the fitted
growth factors have been measured for condensed oxidatioB0—150°C growth factors or even in correlation between ni-
products of organic vapours (e.§arutbangkul et a).2006. trate and 50-158C volume fractions (not shown here). It
Measured growth factors depend on the precursor gases, seedpossible that nitrate comes from less volatile organic com-
aerosol and oxidizing agents, but generally are from 1.0 topounds, or that there is less nitrate in 50 nm patrticles than

1.2 at 85% RH for various particle sizes. in PM; mass. Fitted 50-15@ growth factors are similar
to those of the OOA2 (Tabl®), which is in agreement with
3.2.2 Growth factor correlations based on VTDMA the previous studies showing that OOA2 evaporates mainly
data before 150C (Huffman et al, 2009. In addition to OOAZ2,

about half of the OOAL evaporate at 50—280 (Huffman
Similar to the AMS data case, the ZSR equation (Bg. et al, 2009, but this is not seen in the fitted growth factors.
with volume fractions from VTDMA measurements was fit- It seems that OOAL species have a wide range of evapora-
ted to the measured water and ethanol growth factors. Avertion temperatures so that more volatile OOA1 species have
age volume fractions and fitted pure component growth facdower HGF and higher EGF values than less volatile OOA1
tors, which represent average growth properties of particuspecies. Evaporation of the species can be estimated by cor-
late species evaporating at the different temperature rangeselating AMS and VTDMA volume fractions. This is done
are given in Tabl&. The correlation coefficient{ was 0.82  in Sect.3.3.
for both HGF and EGF fits. Note that temperature ranges
start from 50°C, since observed evaporation was negligible 3.2.3  Growth factor predictions
below that temperature.

Sensitivities of the fitted growth factors were tested by do- Experimental and predicted (E2with the measured volume
ing fits with combined volume fractions. The 50-150 and fractions and the fitted pure component growth factors) hy-
150-280°C temperature ranges are distinct, but th280 groscopic (HGF) and ethanol (EGF) growth factors, volume
and 150-280C volume fractions could be combined. Their fractions used in the predictions and particle number size dis-
combined HGF value (1.47) is roughly the same as that fortribution are shown in Fig4. Because AMS and VTDMA
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Fig. 4. Measured and predicted (EZwith parameters from Tableésand3 and volume fractions from this figure) growth factors, volume
fractions from VTDMA and AMS measurements and aerosol number size distributiofd{dgD,) measured by DMPS. The dashed line
in the size distribution represents 50 nm particle size.

predictions are very similar, it seems that the average compoAMS volume fractions, which are based on non-refractory
sition of submicron particles measured by the AMS is similar PM; mass, are noisy when total concentration is low. Fi-
to that of 50 nm particles. There is only one clear differencenally, volume fractions are based on particle volume, while
in the early morning of 8 April. growth factors come from number size distributions, where

Taking into account the simplicity of the model (only three SMaller particles have a greater effect.
groups of species with constant properties) and complexity A double HGF peak higher than the predictions is seen
of real aerosol composition, the predictions are good. Firston 4-5 April that coincides with increased 150-280frac-
of all, the trends of the growth factors, especially for EGF, tions while both measured and predicted EGF'’s are very low.
are well predicted in this two week long time period. For A high sulphate to nitrate ratio might contribute to the high
example, EGF seems to have a minimum in the middle ofHGF peaks. However, as organics are about half of the total
the campaign and this trend is also seen in the predictionvolume, the inorganic fraction should be even more hygro-
Secondly, the magnitudes of the measured growth factors argcopic than pure sulphuric acid so that the absolute values of
in good agreement with the calculated volume fractions. Forthe peaks (ca. 1.6) could be fully explained.
example, the smallest hygroscopic growth factors are seen [argest deviations in modelled HGF are seen during 12—
when the least hygroscopic OOA2 dominates particle mass.13 April. Two peaks in the measured HGF do not correspond

As can be seen from Figl, there are some time peri- (0 any change in the AMS composition or VTDMA volume
ods when the correlation is not that good (e.g. 12—13 April). fraction. It appears these measured HGF values are not real,
It is not surprising that aerosol growth properties could notPut mostlikely caused by temperature and RH fluctuations in
be predicted perfectly from average properties of only thredthe instrument. These points were not ignored, but they have
groups. Detailed properties of the inorganic species depen@nly & minor effect on the fitted HGF values.
on sulphate to nitrate ratio and acidity. Similarly, at least The GF models appear to overestimate the lowest hygro-
OOA1 species seem to have a wide range of different hygroscopic growth factors, which are commonly occurred in the
scopic growth factors. Variability in the volume fraction and evenings of nucleation event days. Low HGF are expected,
GF measurements increase also model deviations. Especiallyecause fresh 50 nm particles can have very high organic
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Fig. 5. Average volume fractions and compositions of matter evap- Hour

orating at three different temperature intervals (see Seft.

Fig. 6. Diurnal cycles for OOA1, OOA2 and the inorganic species.

. - . - Averages are based on 15 measurement days.
Table 4. Evaporation probabilities and their standard deviations (%) g y

as a function of temperature for the AMS compound groups.

tion probabilities and average volume fractions of the 150—

OOA2 OOAL NH;+NO;+SC;~ 280 and>280°C temperatures could be combined.

50-150°C 832 5942 0+3 The results show that OOAZ2 is the most volatile organic
150-280°C =~ 16+1  35+1 69+2 group, evaporating almost completely between 502150
>280°C 1 441 34+1 OOAL species have a wide range of volatilization tempera-

tures. About 60% of OOAL1 evaporates at 50-160in good
agreement with théluffman et al.(2009 results. Inorganic
volume fractions Allan et al, 2006. It is also possible species evaporate above T&) consistent with the previous
that organic species are somewhat different during nucleatiostudies Johnson et a12004 Villani et al., 2007).

events. Predictions would be better for these low HGF time Estimated average compositions of the VTDMA volume
periods, if the less volatile OOA1 fraction were less hygro- fractions (Table4) and fitted growth factors (Tabl8) are

scopic. in relatively good agreement. OOA1 species have a wide
range of volatilization temperatures and hygroscopic growth
3.3 \Volatilities of the species factors. The more volatile OOAL fraction evaporates at 50—

150°C and it can be even hydrophobic, thus itis in that sense
Volatilities of the AMS species were estimated by correlat- simjlar to OOA2. The less volatile OOA1 fraction evaporates
ing VTDMA and AMS volume fractions. Our simple lin- 5t 150-280.C and it can have as high growth factors as the
ear model,§\7°MA =", pi a7&/V®, is based on assump-  common inorganic species do.
tion that each VTDMA volume fractiorg/ T°MA) can be de-
scribed as a sum of AMS volume fractiogé'S) multiplied 3.4 Diurnal variations
by their average evaporation probabilitigs 4 7). Different
AMS species and groups were tested, and again it seems thBiurnal cycles of OOA1, OOA2 and the inorganic species
OOA1, OOA2 and the sum of inorganic ions are the groupsrepresented by mass concentration mean values are shown
needed. Three separate linear fits, one for each VTDMA volin Fig. 6. More detailed diurnal concentration cycles in-
ume fraction, were made while forcing the fitting coefficients cluding 25%, 50% and 75% quartiles are shown in the
(pi.aT) to be positive. Correlation coefficients) ©f the 50—  supplementary materiahftp://www.atmos-chem-phys.net/
150, 150-280 and-280°C fits are 0.82, 0.77 and 0.70, re- 10/2063/2010/acp-10-2063-2010-supplemenj.pdinmo-
spectively. Fitted parameters are given in Table nium and sulphate do not have clear diurnal cycles. Ni-
Average compositions of the three VTDMA volume frac- trate concentrations depend mainly on the pollution level, but
tions can be calculated by multiplying average AMS vol- there is also a weak diurnal cycle similar to that of OOA2
ume fractions by the fitted probabilities. These are shownduring clean periods. The nitrate cycle can be seen when
in Fig. 5. For example, the first bar shows that about half nitrate mass concentration is divided by daily average mass
of the particle volume is evaporated at 50-180 and this  concentrations (not shown here). OOAL1 has a weak diurnal
evaporating matter is OOA2 (60%) and OOAL (40%). cycle with maximum in the afternoon and minimum in the
Just as in the case of VTDMA growth factor fits, the results morning. Unlike the other species, OOA2 has a clear diurnal
are not reliable for the highest temperature range. Evaporaeycle similar to that found byanz et al.(2007. There is
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a minimum in OOA2 mass concentration in early afternoonwere used to decrease the effect of trajectory points close to
and maximum during night. Multiple factors related to dy- Hyytiala, but the weights had only a small effect on results.
namics between meteorological conditions and OOA sources One simple way to estimate anthropogenic influence on
and sinks likely contribute to the observed OOA2 diurnal cy- aerosol mass concentrations is to calculate average popula-
cle. Specific possible factors include variations in mixing tion densities (humber of people per &Knfor each trajectory.
layer height and temperature; and also night time ozonoly-A population density map for year 2000 was downloaded
sis reactions. It can be expected that OOA2 is composed ofrom SEDAC web pages. Because of the high resolution
oxidation products of locally emitted volatile organic com- of the population density map (2.5 arc min, which is about
pounds (VOCs); unlike the aged and well mixed OOAL 5km in distance) and the fact that population densities can
and inorganic species, they have maximum concentrationghange a lot in relatively short distances, trajectory coordi-
close to the source. Consequently, dilution due to increasnate points were interpolated for every three minutes from
ing mixing layer height is a possible explanation for the ob- the original one-hour time resolution.

served concentration decrease in the morning — and the day- | addition to the average population density, aerosol con-
time plateau (slow concentration changes due to high mixentration could depend on the time that air masses spend
ing volume). For the concentration increase in the eveningoyer land. With the exception of sea salt, most aerosol
a combination of reduced mixing layer height and contin- soyrces are on land areas. The majority of the population
ued OOA2 production, can explain increasing OOA2 con-density map values marked with “no data” flag indicate sea
centration. This is possible, because diurnal variation ingr|ake. Some areas such as glaciers are also marked with that
ozone concentration is not that large. When OOA2 con-flag, but their areal fraction is minimal and it can be expected
centration increases in the evening (from 18:00 UTC+2 tothat these areas have only a small contribution to the particle
24:00 UTC+2) average ozone concentration decreases frolhass. Therefore, all map points where data was available
about 46 ppt to 41 ppt. OOA2 condensation may also be engere counted as land.

hanced by decreasing temperature after sunset, since OOA2 Average air mass origin, average population density and
is semi-volatile as described below. It can be expected thafime spend over land in addition to the AMS mass con-
much of the OOAZ is produced during the daytime due t0¢antrations (ugm?®) and total particle volume concentration
higher VOC emissions and photochemisffarvainen et aJ: (nem?/m3) from DMPS measurements are shown in Fig.
20035. According toLanz et al.(2007, gaseous OOAZ2 IS \when a trajectory crosses some of the most densely popu-

not condensed until the temperature decreases in the eveningyiaq areas. there will be a peak in the average population
Thus, evaporation of OOA2 could also contribute to the CON-gensity. For example, the highest peak seen on 2 April is

centration decreage in the rnqrning. This explanation i$ Nerom a trajectory crossing metropolitan London having pop-
good agreement with their finding that OOA2 concentration |ation densities up to 10 00Qkm?. It is not surprising that
is higher after the days with higher photochemical activity g;ch 5 sharp peak is not observed in the aerosol mass concen-

(Lanz et al, 2007. On the other hand, correlation between yaions, because trajectories are not that accurate and mixing
OOA2 concentration and photochemical activity is not clear yocreases possible peak concentrations.

for the current Hyytla data and our volatility measurements
indicate that OOAZ2 is not that volatile, suggesting night time
ozonolysis may also contribute.

From Fig. 7, air mass origin can be divided into clean
and polluted sectors by putting the limit on air masses ar-
riving from a few degrees South from West. As an example,
three clear pollution time periods are separated by vertical
lines. When air masses are coming from the clean sector
(from West to North), volume concentrations and average

The HYSPLIT (HYbrid Single-Particle Lagrangian Inte- . L .
rated Trajectory) modelDgaxler and Rolph 2003 was populatlon densmes_ have the lowest values. These particles,
9 which can be considered as natural background, are com-

u_sed to calculate bacI§ Frajectones_ (herg ]US.t termed trajectof)osed of nearly equal amounts of OOA1, OOA2 and inor-
ries) for every hour, giving 355 trajectories in 15 days. Tra-

jectory end point (Hyytld) altitudes were set to 500 m above ganic species. When air masses are coming from the pol-
i . .~ luted sector (from South to West), particle volume concen-
ground level and vertical motion was modelled. Each trajec-

: - . . trations and average population densities have the highest
tory is 96 h long containing one coordinate point for every . ; . . )
hour. values. Pollution particles are dominated by the inorganic

Itis .pOSSIble to estimate sources of the parnculate SPECIes, 1Center for International Earth Science Information Network
especially long-range transport, by comparing measured co&-

3.5 Correlation with back trajectories

. ith th qin of ai B | L wi CIESIN), Columbia University; and Centro Internacional de Agri-
centrations with the origin ot air masses. Because local Wing ;-5 Tropical (CIAT). 2005. Gridded Population of the World

directions can be misleading, air mass origin was calculateqygrsion 3 (GPWv3): Population Density Grids. Palisades, NY:
from the trajectories. Air mass origin, expressed as a cOmsocioeconomic Data and Applications Center (SEDAC), Columbia
pass heading from Hyyila, is an average of trajectory point University. Available ahttp://sedac.ciesin.columbia.edu/gfmap
headings weighted by their distances from Hgi#i Weights  downloaded 7 March 2008).
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Fig. 7. Average air mass origin, population density, time over land, mass concentrations of the AMS compound groups, total mass concen-
tration (ugmS3) from AMS measurements and total particle volume (fem?) from DMPS measurements.

species and OOA1. The OOA2 mass concentration is abousind slopes represent the effect of anthropogenic contribution.
the same as in the clean air. Therefore, these pollution parQualitatively, this means that an average background particle
ticles are less volatile, hygroscopic growth factors have theis composed of nearly equal amounts of OOA1, OOA2 and

highest values and ethanol growth factors have the lowesinorganic species, and long-range transported matter is com-
values. posed of OOA1 and inorganic species. Quantitative interpre-

tation or generalization is not recommended due to simplicity

of the method and shortness of the time series.

Tunved et al(2006 found that, due to precursor gas emis-
sions from the boreal forests, clean sector aerosol volume
. . , concentration depend on the time spend over land, but this
gin of the air masses is represented by the marker C°|0uris not seen in the current data. Correlation coefficients con-

gi/l;asn ble seenhfrom dFIth ra;'ﬂo of thef[ Agﬂsdxﬁz a;d tfirmed that clean sector particle volume and mass concen-
volume change due 1o the non-standar adustyations are practically independent of air mass origin, pop-

ments. Therefore, AMS concentration values measured be-

. - ulation density and time spend over land. It is possible
fore 7 April 2005.12:00 UTC+2 Were.mu|t|p||ed by a factors that current data set is too short for seeing the correlation;
of two. When air masses are coming from t.he clean secq ¢ 54 clean sector trajectories mainly from April, com-
tor (from West to North), total particle volume is about con- pared to 4400 trajectories from April to SeptembeTimved
stant, usually below 4 uctim?, and the average population et al.(2006

density is mostly below 404m?. Total particle volume is

Figure 8 shows total particle volume and concentrations
of the organic and inorganic groups as a function of aver-
age population density. The black lines are linear fits to
the values, and also the fitting coefficients are given. Ori-

In addition to the clean sector case, it seems that the OOA2
. . i ) %oncentration is independent of air mass history also in pol-
the hlgher the average popylauon .densny, the higher the.tofuted air masses. Again, it is possible that the correlation is
tal particle volume. Inorgan!c SPecies and QOAI follow this not seen due to the shortness of the current data series. Onthe
trend, but OOA2 concentration is independent of the averad&ner hand, the observed OOA2 diurnal cycle indicates short

population density or long-range transported anthropogeniey 5,5 |ife time and local sources, which means that OOA2
emissions. Coefficients of the linear fits can be interpreted sQ o .o hirations really are independent of air mass history
that the offsets represent average background concentrations '
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estimated by correlating volume fractions from AMS and
VTDMA measurements. Correlations show that the OOA2
species have high ethanol growth factors and low hygro-
scopic growth factors. Most of the OOA2 species evapo-
rate at 50—150C. On the other hand, OOA1 species seem
to have a wide range of different volatilization temperatures
and hygroscopic growth factors, but on the average OOA1
species are less volatile and more hygroscopic. About 60%
of the OOAL1 volume is evaporated at 50—-28)and those
species are similar to the OOA2 species. The remaining
OOA1 species evaporate at 150—-280and some of them
can be as hygroscopic as the common inorganic salts.
Fitted pure component growth factors and volatilities can
be used in predicting growth factors and particle volatility.
When the simplicity of the models and simplifications in
particle composition are taken into account, volatility and
growth factor predictions are surprisingly good. In general,
model fits to the volatility and growth factor data were far
superior when using OOA1 and OOA?2 factors, in contrast
to just using the total organic volume, indicating that the or-
ganic group factorization distinguishes clear differences in

physical and chemical properties. Moreover, the range and

Fig. 8. Total particle volume (ucﬁ'ym3) from DMPS and mass magnitude of the levels of oxidation (erg/z44 and O:C val-
concentrations (yan3) from AMS measurements as a function of ues), volatility (via VTDMA) and hygroscopic growth factor
average population density. Marker colour represents air mass orispan the range of observations both in ambient and laboratory
gin. Mass concentrations from the AMS measurements have beeghamber experiments. This work, for the first time, simulta-
corrected to match with the total particle volume measured by theneously couples all three of these observations.
E_)MPS. Parameters of the linear fits (black lines) are given in the  The origin of the OOAL1 and OOA2 species was esti-
figures. mated by comparing their concentrations with air mass his-
tory based on calculated back trajectories and a population
density map. Similarly to the previous studies, it was found
that the aged and highly oxidized OOA1 can be related to
A quadrupole AMS was used to measure the compositioriong-range transported anthropogenic pollutions. The less
of submicron aerosol in Hyydla, which is a rural forested oxidized and fairly fresh OOA2, or its precursor vapours, can
measurement site in southern Finland. During the 15 daybe related to local emissions. Unlike OOA1 and the inorganic
campaign from 31 March to 15 April 2005, the average par-species, OOA2 has a clear diurnal cycle with a minimum
ticle mass concentration was quite low (2.¢'pg) and dom-  concentration in daytime. A combination of temperature de-
inated by organics (61% of the mass). In addition to the stanpendent gas-particle partitioning, changes in the mixing layer
dard AMS data analysis, two types of oxygenated organicheight and night time SOA production via ozonolysis likely
aerosol groups, more oxidized OOAL (or LV-OOA) and less contribute to this diurnal cycle.
oxidized OOA2 (or SV-OOA), were identified from the total It should be noted that OOA1 has a small diurnal cycle,
organic mass spectrum by applying a positive matrix factor-that is opposite to that of OOA2, increasing after noon and
ization (PMF) method. decreasing through the night after sunset. The daytime in-

OOAL1 and OOA2 properties were estimated by correlat-crease could be due to photochemical production or long
ing their concentrations with data from three ultrafine tandemrange transport into the mixed boundary layer; while the
differential mobility analyzers measuring particle volatility night time decrease could reflect aerosol loss with no produc-
(VTDMA) and hygroscopic (HTDMA) and ethanol (OT- tion. Just as with OOAZ2, the diurnal cycle cannot be defini-
DMA) growth factors. In practice, volume fractions were tively interpreted.
calculated for AMS compound groups (OOA1, OOA2 and The results show that by using the PMF method, non-
sum of inorganic species) and VTDMA groups (speciesrefractory organic mass can be divided into organic groups
evaporating at 50-150, 150-280 an@d80°C), and the ZSR  which have different chemical and physical properties and
equation was fitted to the measured hygroscopic and ethanaources. These groups can be used in predicting aerosol
growth factors. Each of the four fittings produced three pureproperties such as hygroscopicity and volatility. Unfor-
component growth factors representing average growth proptunately, our data set is quite short (only 15 days) so it
erties of the groups. Volatilities of the AMS species were covers only a limited range of conditions such as ambient

4 Conclusions
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temperature and air mass origin. For example, it is possible alli, F., and Laaksonen, A.: Size and composition measurements
that different organic groups are found in summer or when air  of background aerosol and new particle growth in a Finnish forest
masses are coming from the East. The next step is to analyse during QUEST 2 using an Aerodyne Aerosol Mass Spectrome-

much longer data series from spring 2007.

ter, Atmos. Chem. Phys., 6, 315-327, 2006,
http://www.atmos-chem-phys.net/6/315/2006/
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