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Abstract. This paper presents the results of laboratory stud-gest that the condensational uptake of THC onto sulfate par-
ies on the condensational uptake of gaseous organic conticles alone can be comparable to the primary particle mass
pounds in the exhaust of a light-duty gasoline engine ontounder moderately polluted ambient conditions. These find-
preexisting sulfate and nitrate seed particles. Significant conings are important for modelling and regulating the air qual-
densation of the gaseous organic compounds in the exhaugy impacts of gasoline vehicular emissions.

occurs onto these inorganic particles on a time scale of 2—
5min. The amount of condensed organic mass (COM) is
proportional to the seed particle mass, suggesting that tht:a-L
uptake is due to dissolution determined by the equilibrium
partitioning between gas phase and particles, not adsorptio
The amount of dissolution in unit seed maSsdecreases as
a power function with increased dilution of the exhaust, rang-

Introduction

"hirborne particles are known to pose serious health risks

(Dockery et al., 1993; Geller et al., 2006; Schwarze et al.,

. L . 2006; Pope and Dockery, 2006; Brook et al., 2010) and have
1

ing from 0.23g g* at a dilution ratio of 81, to 0.025¢d at a large influence on the Earth’s climate (Jacob and Winner,

a dilution ratio of 2230. It increases nonlinearly with increas- 2009). Such impacts are increasing public and government
ing concentration of the total hydrocarbons in the gas phase : P gp g

L 1 1 . Scrutiny of particulate matter (PM) emissions from all an-
(THC), rising from 0.12¢g" to 0.26g g™ for a Cric in thropogenic activities. Primary PM from automotive engine
crease of 1 to 18 ugn?, suggesting that more organics are

o . . . exhaust is among the most studied and regulated emissions
partitioned into the particles at higher gas phase concentra:- g 9

. : o2 over recent decades; yet to conform with current regulations,
tions. In terms of gas-particle partitioning, the condensa-

. ; . . automotive emissions of primary particles are determined on
tional uptake of THC gases in gasoline engine exhaust can P yP

. a mass basis which ignore complex at-source processes that
0,
account for up to 30% of the total gas + particle THC. The re-distribute the semivolatile organic compounds (SVOCs)

organic mass spectrum of COM has the largest fragment at . .
. : etween gas and particle phases. Standard automotive PM
m/z44, with mass ratios of mass fragments 43/44 and 57/4 Ay . .
Mmass emission measurements, based on sampling on filters

at 0.59 and 2.91, much lower than those reported for gaso- : . . )
i : ; . nd gravimetric analysis, have proven to be artifact-prone,
line engine primary organic aerosols. The mass fragment _ . - L
44/total organic mass ratio of 0.097 indicates that COM con particularly at low emissions levels (Chase et al., 2004; Lip-
. 9 : . . sky and Robinson, 2006). Determining PM levels in emis-
tains large oxygenated components. By incorporating the_. - . :
g ) . . : sions at dilution levels spanning several orders of magnitude
present findings, regional air quality modelling results sug-

can be a significant challenge, affected by even the slight-
est details in the vehicle testing and sampling protocols. Di-
rect particle size distribution measurements are now a rec-

Correspondence tdS.-M. Li ommended method to characterize particle emission from en-
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(shao-meng.li@ec.gc.ca) gine exhaust, particularly with the recent focus on the particle
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number concentrations in newer standards, such as EURO 6&f health impacts and for atmospheric models, the condensed
and 6 (European Commission, 2008). SVOC species will be difficult to distinguish from primary
The most difficult measurement challenge arises from the®PM mass.
highly dynamic situations of cooling and dilution upon mix-  The present study addresses the condensational uptake of
ing with the ambient atmosphere, where the steady-staterganic gaseous pollutants on ambient particles. PM emis-
equilibrium between gases and particles in the exhaust isions studies focused on gasoline engine exhaust are rela-
easily shifted. This can lead to changes in the physical andively few compared to those on diesel exhaust, since exhaust
chemical characteristics of particles. Notable recent studie$M levels of modern catalyst-equipped, properly-operating
have focused on the impacts of ambient temperature and dilugasoline engines are low. In this study, the magnitude of the
tion on PM emissions (Lipsky and Robinson, 2006; Grieshopcondensational uptake of organic materials in gasoline en-
et al., 2009) and low ambient temperature is known to re-gine emissions is quantified, and a parameterization of the
sult in the enhanced formation of nucleation mode particlescondensational uptake onto pre-existing particles is derived.
in gasoline and diesel vehicle exhaust (Mathis et al., 2004;This parameterization is further used in a regional air quality
2005). Robinson et al. (2007) demonstrated that upon dilumodel to assess the impact of this process on a regional basis.
tion, diesel exhaust PM mass decreases due to evaporative
loss of SVOCs from the particles. Shrivastava et al. (2006)
considered the impact of background organic aerosols on the Experimental design
partitioning of emissions from diesel and wood combustion,
and found that partitioning to particles is enhanced by higherThe experiments were carried out using the setup illustrated
background organic aerosols concentrations. Gasoline erin Fig. 1. This setup consisted of two sections, an engine test-
gine particulate emissions are less well studied and it is dif-ing facility from which the primary PM measurements were
ficult to predict whether primary particles in gasoline engine made, and a flow tube where the gas uptake and condensation
exhaust behave similarly to diesel particles upon dilution andon pre-existing particles was investigated.
mixing with ambient air, given the large differences in the ex-
haust compositions of gasoline engines and diesel engines.2.1 Gas and primary particle emissions measurements
What has not been considered in the automotive primary
PM emission studies to date is the condensational uptake dh the engine testing facility, a multi-port injected gasoline
gaseous pollutants to pre-existing ambient inorganic parti€ngine, recovered from a 1991 model year General Motors
cles upon the initial mixing of engine exhaust with ambient Lumina light duty vehicle, was equipped with a new but de-
air. Theories of gas-particle partitioning dictate that at leastgreened original equipment three-way catalyst. The engine
some of the SVOCs in exhaust gases, particularly the polawas installed on a dynamometer and enclosed in a controlled-
compounds, will condense and reach equilibrium with am-access testroom. The engine exhaust was directly vented into
bient particles of inorganic composition under atmospherica constant volume sampling (CVS) system, where it under-
conditions. There is circumstantial evidence pointing to thiswent primary dilution with a dilution ratio between 14-22
re-partitioning within exhaust gases (Kittelson, 1998; Khalek (Table 1), and was kept at an ambient temperature 6€25
et al., 1999; Maricq et al., 1999; Mathis et al., 2004; Lipsky Concentrations of CO, C NOy and total hydrocarbon
and Robinson, 2006). For example, diesel primary particleTHC) in the primary dilute exhaust in the CVS were mon-
are known to contain solid cores of soot with adsorbed hy-itored using non-dispersive infrared analyzers for CO and
drocarbons, nitrates and sulfates (Sakurai et al., 2003; Kwor©O,, chemiluminescence analyzers for NQNO + NOy),
et al., 2003), and there is evidence that the growth of theand a flame ionization detector for THC. The analyzers
nucleation mode particles is partially attributable to conden-were zeroed and spanned to adjust for instrument drift every
sation (Mathis et al., 2004). The adsorbed hydrocarbons30 min. The flame ionization detector was calibrated with
are in dynamic equilibrium with the gas phase, moving in propane and concentration of THC was reported in ppm car-
and out of the primary particles as temperature and concenson (ppmC).
tration change. Such processes should also occur once the Primary particles in the CVS were characterized with a
gaseous exhaust comes into contact with ambient particlescanning mobility particle spectrometer (SMPS, TSI model
that provide surface area or volume for uptake to occur, buB080) using a differential mobility analyzer (nano-DMA)
few studies have reported on the uptake process onto ambeolumn (TSI model 3085) and a TSI model 3025A conden-
ent particles, and it is not known how significant this processsation particle counter (CPC) for sizing particles from 4.6
is in terms of release of primary PM into the ambient atmo-to 162.5 nm diameter. The SMPS scanned over the size
sphere. Although this uptake takes place in the atmosphereange on a 3-min scanning cycle. A second CPC (TSI model
after the exhaust is emitted, the time and spatial scales ass8022A) was used to monitor the particle number concen-
ciated with mixing and dilution at the tailpipe and uptake of trations, for particles as small as 7nm. The second CPC
gases on ambient particles are from seconds to minutes anaonitored secondary dilute exhaust after second-stage di-
from tens to hundreds of meters. Hence, from the standpoinltution using Dekati ejection diluters, either one or two in
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Fig. 1. An illustration of the experimental setup for this study. Section A shows the setup of the engine testing facility, where measurements
of primary particles in the primary diluted exhaust in the CVS are made using SMPS, CPC, and filters. A small flow from the primary dilute
exhaust in the CVS is pumped into the flow tubes, where it is mixed with laboratory generated seed particles. Arrows in Section B show the
streams of air flow in the setup.

Table 1. Engine Operating Conditions and Gas and Primary Particle Characteristics in the Constant Volume Sampler (CVS).

TestDate Engine Mod@  Duration of Primary J} Average Gas Phase Primary Particle Mass and Number Size Distribution Characteristics in Primary
(2007) Experiments  Dilution Ratio Concentrations in CVS Dilute Exhaust
(min) Fevs/Fexhaust | €02 NOx THC Total Total Median Mean Mode Geo. Mean  Geo. Std Dev
(%) (ppm) (ppmC) Mass Number (nm) (nm) (nm) (nm)
(ugn3)° (Icc)
19 Apr 3 460 16.8 0.80 67.5 5.61 n/a 3.61Ex 10/ 9.0+1.7 9.2+1.7 8.8+1.9 9.0+1.6 1.1-1.4
20 AprP 3 300 16.5 0.81 61.1 5.49 n/a n/a n/a n/a n/a n/a n/a
24 Apr 1 120 14.2 0.94 173 6.16 740+ 630 191x10° 13.6+3.6 14.1+36 14246 13.2£32 1.3-15
1 100 14.1 0.95 154 6.15 110+ 710 3.94x 108 126+20 12.9+2.0 132:26 12218 1.2-15
25 Apr 2 400 22.3 0.60 68.3 6.68 | 220+ 140 2.09x 168 6.9+1.1 7.3+1.1 6.5+1.8 7.0£1.0 1.2-1.4
26 Apr 1 350 14.2 0.94 180 5.75 | 1350+ 370 4.81x 108 13.5+09 13.8:09 14.9t15 12.9+-0.8 1.4-15
1 90 14.2 0.94 180 6.22 | 2000£160 5.18x10®8 15.0+£0.9 15.3:0.8 16.5:1.2 14.2:0.7 14-15
27 Apr 3 290 16.8 0.80 57.6 6.09 850+ 400 465< 108  10.8+24 111423 11.5:3.1 105:2.1 1.3-15
1 May 2 270 22.3 0.60 67.1 5.57 550+ 410 3.63x 108  10.1+2.4 105£23 10.5+3.1 9.9+2.0 1.3-1.5
2 130 22.3 0.60 67.1 5.80 | 1260+210 4.93x10® 12.9+09 13.3:0.8 14.1+13 12.4£0.7 14-15
2 May 1 270 14.1 0.95 183 6.15 | 1930£170 4.55<10® 159+0.6 16.2:0.6 16.9:1.0 15305 14-15
1 110 14.2 0.94 182 6.14 | 2150+110 5.07x 108 159+0.6 16.1+0.6 17.0£1.1 15.2+0.5 1.4-15

2 Mode 1: engine speed 1700 RPM, engine torque 73 ft-lb; Mode 2: engine speed 1700 RPM, engine torque 47 ft-lb; Mode 3: engine speed 2250 RPM, engine torque 47 ft-lb. All
experiments were conducted after the engine has warmed up from a cold start.
b particles in the primary dilute exhaust were not measured on 20 April 2007.

¢ Total mass and number of the primary particles are derived from SMPS number size distributions after the SMPS reached steady-state, assuming a densi@y(bansérg cm
etal., 1988; Park et al., 2003). The SMPS did not reach a steady-state on 20 April .
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series. The single diluter achieved a 7:1 dilution from the pri- pump through a HEPA filter to remove the primary particles
mary dilute exhaust in the CVS, and two in series achieved gstream a). This particle-free exhaust gas was introduced into

56:1 dilution. the first flow tube through a 1/8 inch o.d. stainless steel tube
that is nested at the centre of thginch line used to intro-
2.2 Engine operation mode duce the particles. Entry linear velocities of both the seed

particle flow and the exhaust gas flow into the flow tube were
During the experiments, the engine was operated in thregnaintained to be the same in some experiments, although it
modes of engine speed (namely, rotation per minute or RPMjvas found that the effect of initial linear velocities of either
and load that simulate different driving conditions (Table 1). the particles or the exhaust gases on organic condensation
The engine was operated continuously for several hours iron the particles was minimal. Thus, both the particles and
each mode that was necessary for the condensational uptakiee dilute exhaust gas traveled down the flow tubes concen-
experiments. For the experiments, the engine was operateically along the axis of the flow tubes. The mixing of the
on Canadian commercial summer grade gasoline with sulexhaust gas and the seed particle flows from their introduc-
phur content<30 ppm. The CVS system was operated at ation at the first flow tube constituted a secondary dilution,
fixed total volume flow rate{cys) of 21.24 n¥ min~1. Thus,  with a dilution ratio determined by the flow rates from both
depending on the RPM, the primary dilution ratio, defined asflow streams a and c in Fig. 1. In a few experiments, extra
Fcvs/Fexhaust Varied over a range of 14.1 to 22.3 (Table 1). dilution was made with an additional flow stream of zero air
Concentrations of CO, C NOy and THC in the primary  (flow stream b in Fig. 1).

dilute exhaust in the CVS were monitored every second in Sampling of particles was made at the central axial posi-

repeated 30-min segments. tion in the air stream flowing down the flow tubes through a
) . 1/4 inch stainless steel tube inserted radially through selected
2.3 Condensational uptake experimental setup sampling ports. Depending on the experiment, a tertiary dilu-

. . . . tion was made at the 1/4 inch sampling port that also helped
The flow tube setup, depicted in Section B of Fig. 1, was de~, pajance the flows. After the tertiary dilution, the 1/4 inch
signed to measure the condensational uptake of gases on painjess steel sampling line was split and fed to three in-
ticles. In these studies, laboratory-generated seed part'C|e§truments, an aerosol mass spectrometer (AMS), a CPC (TSI
were used as surrogates for ambient inorganic particles. Thg,jqe| 3775), and a proton transfer reaction mass spectrom-
flow tubes were Teflon-coated stainless steel tubes of 2.54 ¢, (PTRMS). The contact time between the seed particles
inner diameter and 30 cm length. A total of 13 tubes were, g he giluted exhaust varied from 1.5 to 7 min, depending
connected together using connectors equipped with sampling, the total flow rate through the flow tubes and the position

ports. Three air streamg were delivered_ into the fllow tubesbf the sampling port, as further discussed below. Residence
(streams a, b, and ¢, Fig. 1)_’ one carrying th_e primary gagime in the sampling line was approximately 1 second.
exhaust (stream a), one carrying zero air for dilution (stream

b), and one carrying seed particles (stream c). At the end The particle chemical composition and mass were moni-

of the flow tubes, a probe was used to measure the relatiw@.\ore.d using an Aerodyne Research Inc high resolution time-
humidity (RH) and temperature of the mixture in the flow of-flight aerosol mass spectrometer (HR-ToF-AMS; DeCarlo

tubes et al., 2006). The HR-ToF-AMS was operated in the high
Seed particles were generated by atomizing a solutio sensitivity mode (V-mode) with a 2-min time resolution. Par-

of H2SQu/(NH2)2SQwith a constant volume atomizer (TS Iﬁhcle sulfate, nitrate and ammonium size distributions were

model 3076) with compressed zero air generated from a zerg]Onitored using the particle time-of-flight mode of the HR-
air source (AADCO model 737). Depending on the experi- OF-AMS. The AMS data was analyzed using a fragmen-

ment, the ratio of HSOy to (NH4)2S0 in the solution was tation table with modifications as suggested by Aiken et al.

chosen to give different initial particle acidities; however, in (2009). Them/z44 signal was also corrected for @@ the

most experiments the sampled particles were neutral after exlgackground.

posure to NH in the engine exhaust in the flow tube. In a

few experiments, NENO3 particles were generated instead 2.4 Uptake and condensation conditions

of sulfate particles. These particles were dried using a diffu-

sion dryer (TSI model 3062), and size selected using a TSExperimental conditions were designed to target each of five

SMPS/DMA model 3080/3081 before being delivered into controlling factors on the uptake and condensation, including

the flow tubes. relative humidity, duration of exposure, chemical composi-
The seed particles were introduced into the first flow tubetion, seed particle sizes and dilution ratios. Table 2 shows

at its central axis throughi inch outer diameter (0.d.) stain- the range of the factors that were varied to determine the

less steel tubing. This was designed with a coaxial intro-impacts of these factors. During all experiments, tempera-

duction of the primary dilute exhaust gas. The dilute ex-ture in the air flow inside the flow tube varied in a narrow

haust was pumped from the CVS using a Teflon diaphragnrange of 23.5-28.8C, whereas the RH changed from 6.5 %

Atmos. Chem. Phys., 11, 1015@4171 2011 www.atmos-chem-phys.net/11/10157/2011/
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Table 2. Uptake and condensation control parameter range during the study.

Date Number of Relative Exposure Seed Particle Final Dilution
Experiments  Humidity Time (min) Size (nm) Ratio

19 Apr 15 6.5-11.2 2.14-8.30 300 235-504

20 Apr 11 7.2-20.1 5.52 300 83

24 Apr 6 11.9-33.6 5.52 300 81

25 Apr 33 16.3-17.5 5.52 150, 200, 300, 350, 400 395

26 Apr 61 14.4-22.3  2.22-5.92 250, 300 140

27 Apr 45 16.5-28.7 5.53 300 96-672

1 May 74 16.7-22.4 5.53 250, 300, 350, 400 220

2 May 40 17.8-28 5.57 250, 300, 325, 450 127-2230

2 May 29 17.8-28 3.35-5.57 300 81-86

* when particles were exposed to gaseous exhaust.

to 33.5 %, resulting from the mixing of high RH in the engine narrow range of 5.5-6.8 ppmC among the three modes. This
exhaust with the dry dilution air. reflects the relatively stable working conditions of the cat-
The HR-ToF-AMS measures particle chemical composi-alyst. On the other hand, the ratio THC/gG surrogate

tion between 50—-700 nm vacuum aerodynamic diameter (Liufor the emission factor for THC, was the lowest for Mode

et al., 2007); in the present experiments, the monodispersed at (6.5t 0.2)x 10~ compared with those for Mode 2 and

seed particles were selected from 150 to 450 nm mobility3 at (1.0+£0.1)x 1073, and (7.1 0.4)x 10-4, respectively,

diameter §n), equivalent to 206 to 619 nm vacuum aero- indicating a more efficient fuel combustion at higher temper-

dynamic diameterdys) for NH4NOs particles. Secondary ature. The SVOCs in the THC mixture, not separately quan-

dilution ratios at the introduction point of the seed parti- tified, are expected to be in equilibrium with organics in the

cles/primary exhaust gases into the flow tubes varied betweefrimary particles in the exhaust. The SVOCs are also avail-

11 to 200, resulting in a total dilution ratio range of 81 to able for further condensation onto existing ambient particles

2230. No active control of RH and temperature was usedonce the exhaust gas is mixed with the ambient air. This pro-

and thus the RH was mostly influenced by the water vaporcess and the resulting particle mass are not measured in the

in the primary gas exhaust mixing with zero air, resulting in current standard motor vehicle emission testing methods.

a relatively low RH of 33 % in the flow tubes. Even in this

low range, the seed sulfate particles are expected to be deB.2 Condensational uptake of SVOCs onto

iguescent (Onasch et al., 1999) and the nitrate particles are  existing particles

expected to contain water with the organic contents (Prenni

etal., 2003). Condensation of SVOCs in engine exhaust onto existing am-
bient particles is expected to occur once the SVOCs come
into contact with these particles. This re-partitioning of or-

3 Results and discussions ganic mass from gas to particle represents the reverse of
the process of primary particle evaporation upon dilution
3.1 Characterization of primary dilute (Robinson et al., 2007) and may result in a non-negligible
gaseous emissions source of low bias in the current vehicular particle mass

emission data.

The average THC and NQOconcentrations in the primary To determine the magnitude of condensation, laboratory
dilute exhaust in the CVS for the multiple repeats of eachgenerated seed particles of inorganic composition were used
engine mode are listed in Table 1. CO was below the instru-as surrogates for inorganic particles in ambient air. The seed
ment detection limit in the primary dilute exhaust except dur- particles were exposed to the gaseous exhaust under different
ing idling, indicating that the catalyst reached its minimum experimental conditions as shown in Table 2.

operating temperature for all three modes. Theg/d@ncen- Condensational uptake of SVOCs onto the particles was
tration for Mode 1 was about 3 times higher than for Modesobserved in all experiments. To generalize the main find-
2 and 3, reflecting the higher torque of this mode that re-ings, this organic uptake has approximately a linear depen-
quires significantly higher fuel burns and higher combustiondency on the available seed particle mass as represented by
temperature than the other two modes. As aresult, THC consulfate under each set of experimental conditions. Exper-
centrations, expressed in ppmC, was also typically higher foiments using different seed chemical compositions (nitrate
Mode 1 than the other modes, even though it varied within avs. sulfate) revealed similar linear relationships. Different
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450 nm), i.e.,

—y=a+bX L]
a=0.0017 £ 0.0187

COM=a+ S Ms (1)

b=0.0489 £ 0.0018
0.8 r*=0.9466

300 nm
200 nm
400 nm
350 nm
150 nm

where Ms is the mass concentration of the seed particles in
a unit air volume and dominated by $0Oand COM is the

N amount of condensed organic mass concentration in the same
air volume, again determined by the HR-ToF-AMS. Results
show that under most experimental conditions, the intercept
a is not significantly different from 0. Therefore, the slope
of the curveScan be given by,

004 T \ \ \ \ T \ T \ \ S = ACOM =COM/Ms (2)
0 2 4 6 8 10 ) 12 . 14 16 18 20 AMs
Seed Aerosol SO, (pgm’)

0.6 —

4oorm

04—

Condensed Organic Mass COM (ug m-:)

0.2+

The quantityS is the condensed organics to seed particle

Fig. 2. The condensed organic mass (COM) on neutral sulfate seed@S$ ratio. Using a simple model of one chemical com-
particles. It is approximately a linear function of the available sul- Pound to represent the organics in thh_ the gas and con-
fate particle mass regardless of particle size. densed phase, under gas-particle equilibrium, the concentra-

tion (C) of the carbon in the condensed organics in the seed
particles (in unit of gt1) is determined by the vapor pressure

exposure times of the particles to the THC, between 1.5 td’THc &s governed by Henry's law

7 min, produced no discernable differences in the condensa-

tional uptake. On the other hand, the exposures to differenf THC = KnC ®)
levels of THC resulted in linear dependencies with signifi- here Kv is the effective H s | tant i C
cantly different slopes. These THC levels varied over orderg’Ne1€ AH 1S the €eliective Henry's faw constant in ppm

—1y-1 ; ;
of magnitude due to a combination of different engine run—i(r?I rLC, Sa}ggepztlgl\/llsistz‘ren;?(r:tﬁln p;esjure g th2e EHC
ning modes (Table 1) and different dilution ratios. PPME. P 4s (Fig. 2),

. o i is approximately proportional t§

To illustrate these general findings, Fig. 2 shows the re-
sults obtained for Mode 2 experiments on April 25, reveal- . _ _ f-COM ‘d. COM/Ms _ fd-S
ing the condensed organic mass (COM) as an approximately (COM+Ms)/d ~ (COM/Ms+1) S+1
linear function of seed particle sulfate mass. In these exgy
periments, the seed particles were neutral, and the total di-
lution ratio of the gaseous exhaust was kept constant at 393 ~, E — Prhc (5)
resulting in a constant THC (Tables 1 and 2). Furthermore, fd fd-Ky
the contact time between the seed particles and the dllutegvhered is the density of the particles in g, and f is the

gaseous exhaust remained constant at 5.5 min. The variables

in the experiments shown in Fig. 2 are the patrticle sizes and 2S fraction of carbon in COM. Eq. (5) indicates tBas

number concentrations of the seed particles that resulted iRropomonaI to the equilibrium organic carbon mass concen-

different seed particle mass loadings. The linear dependenctratlon in the seed particles as determined by Henry's Law

of the COM on the seed particle sulfate is highly significant and therefore by the gas pha_se partllal pressure OfTHC' Thus,
(-2 = 0.95). Srepresents the amount of dissolution of organics in the seed

particles as determined by equilibrium partitioning between
SVOCs and the particles. As further explored below, the rela-
tionship betweeis and Pryc was in fact not linear, suggest-

ing that theKy may not be a constant with changi®gnc.

As demonstrated above, organic materials are taken up onto |n general, for a situation where significant re-partitioning
the seed particles as a result of re-partitioning from the gasrom the gas phase to particles occurs due to increases in seed

phase. A steady-state of COM with gas phase concentrationgarticle massiZs, both Pric andC will decrease, as can be
is expected to be established in milliseconds to seconds fofierived from the Henry’s law:

typical accumulation mode ambient aerosol particles (Sein-
feld and Pandis, 1998), and COM is expected to be influ- 10%. f.COM RT

HCZKHCZPO - — (6)
enced by the vapor pressures of the SVOCs, and hence b(}T THC "% P
the degree of dilution. Fig. 2 shows that under a dilution ra-
tio of 395, COM depends approximately linearly on the seedwhere P$Hc is the original partial pressure of THC before
particle mass regardless of the particle sizes (from 150 tacondensation in ppmCy is the atomic weight of carbon,

~fd-S (4)

3.3 Dilution effects on the condensation processes

Atmos. Chem. Phys., 11, 1015@4171 2011 www.atmos-chem-phys.net/11/10157/2011/
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R is the gas constant, is temperature, an@ is the ambi- 601
ent pressure and equals to 1 atm for the current experiments.
Combining Egs. (6) with (4) yields o
150
40 | %
30

300 400

i

350

10°. f-COM RT f-COM
w P (COM+Ms)/d

a
S
1

()

This is further reduced to a quadratic equation for COM

20 —

aCOM? 4 (fdKp — PYc+aMs)COM— P2, cMs=0 (8)

wherea = 10°f RT is a constant. Hence, COM should be

approximatglly a cf uadratic equation . T Fartcls Sie o oo Surtace of Seed Partcle
The level of the decrease inpf: from P?HC (Eq. 6) is 1 T T T T T .

dependent on the level of COM and therefd#g. Within pomae

the range of\/s used in the present experiments, the magni-

tude of COM compared tofRc is insignificant, and hence Fig. 3. The COMM;s as observeds, are derived as the slopes of

Eqg. (8) can be simplified to a linear relationship betweenorganic mass versus seed particle mass for different particle sizes

COM andMs. For example, for the experiments shown in (e.g., Fig. 2). Condensed mass from dissolution in the particle, rel-

Fig. 2, with a total dilution ratio of 395Prc is calculated to  ative to that at 150 nm seed particle, does not change with particle

be 0.377 ppmC using the results in Table 1. COM is less tharfizes (heavy dashed line); that from pure adsorption onto particle

1pgnt3 for the seed sulfate particle mass range (Fig. 2),surface vari(_es.invgrsely with the surface area (light dashed line).

or <2 x 10~3 ppmC assuming an H:C elemental ratio of 1.2 The uncertainties in the slopes of COM versus seed particle mass

in the organics, at least 200 times lower th&fc. Thus are plotted for eacBvalue.

Pryc was effectively a constant with regard to the conden-

sathnal u?take during th(; e;](per;mentsAwh|ﬁh |Edbt° in ap- Figure 4 shows the results of experiments specifically de-
proxme_tte y constanC and t ere Ores. As shown y_t € signed to test the response®fo different final dilution ra-
results in Fig. 2, CQM was indeed approximately linearly (og gyer o range from 81 to 2230. Plotted in the figur8is
rela:]ed toMs, suppornhng the};rguments agove. icall versus the dilution ratios for near constant RH and temper-
The situation can ¢ angeMs Increases ramatica Y. For ature, but for different seed particle composition, sizes, and
example, for the experiments shown in Fig. 2} were in- engine modes. Figure 4a sho®sor separate (Nk)>SOy

bout 2 350 listi heri Bnd NH;NO3 seed particles, showing th&tfor both types
(to about2mgm ), an unrealistic atmospheric concen- ¢ qoqg ig essentially the same and exhibits the same re-

Lraltfior;), COMUwguIdhpe eguiv_alent tQO'me(;C’ ((j)r about sponse to dilution. Fig. 4b show&for (NH4)2SO seed

a O. PrHc. n er this situation, f1c may indee gtart to articles under different engine modes, again showing simi-
experience noticeable decreases after condensation occu Sr responses to dilution

and$ = COM/Ms will no longer be a constant with respectto 1 .1a is a marked decreaseSras the dilution ratio D)

ch_aFEges '”gs' ional K 4 either th h dincreases. Such a dependency is similar to those reported
e condensational uptake occurred either through ads, 1he hrimary particle mass emissions in low-load diesel

sorption onto the surface of the seed particles or dissolutioréngine exhaust and in wood smoke exhaust (Lipsky et al
into the seed patrticles, or a combination of the two. To deter-2006). Robinson et al. (2007) observed a declining primary

gmezw?lch pr(t)]cefsshwis regpons;&ﬁﬁs de”(\j’ed fqllfw'?g h organic mass emission factor for diesel engines as a function
g- ( _) oreach o t_e IVE SIZeS 0 the see partlc es for eyt gijution ratio. For the gasoline exhaust studied here, a
experiments shown in Fig. 2, and plotted in Fig. 3 as a func-

. : ; _~ power function
tion of the surface area of a single seed particle for the f|vep

sizes. Also plotted in Fig. 3 are the ratios COW4 for either  § = (0.02440.09) - 7305D ~(2:39£0.03 (9)

the pure dissolution (blue dash line) and adsorption processes _ o o

(red dash line) versus the surface area of a seed particle. For4?s fitted to the datd) being the dilution ratio, with a corre-
dissolution process that reaches equilibrium with gas phasdation coefficient?=0.90 for the fit. The value ddropped

the ratio COMMs remains a constant regardless of particle fom 0.23gg™* atD =81, to 0.025gg* atD=2230, drop-
sizes. Adsorption of organics onto the seed particles, on th@Ng by a factor of 9.2. In comparison, for diesel exhaust
other hand, depends on the available surface area, leading RA'ticles, a reduction by a factor of approximately 2 is re-
an inverse relationship between the ratio C\ and par-  Ported over the same dilution range but thls was attr_|buted to
ticle surface area. Fig. 3 clearly shows that COM is due tothe volatility of SVOCs on the diesel particles (Robinson et

dissolution rather than surface adsorption, having exhibitec®!- 2007).
no dependence on the particle surface area.

Condensed Mass per Seed Mass S (g/g)

10 -| | @ Observed Condense Mass S
===+ Mass from Dissolution into Seed Particle

Single Particle Surface Area (nm)2
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3.4 Magnitude of COM versus primary organic
aerosols (POA)

The significance of COM can be cast in light of its relative
importance to the primary particles. The primary particles
from the gasoline engine were likely dominated by organic
mass (Mohr et al., 2011; Schauer et al., 2002) that is parti-
tioned between gas and particles. The partitioning between
the gas phase and the primary particles should be determined
by the vapor pressures of compounds in the THC mixture.
Unfortunately, no primary particle mass and THC data were
collected in the flow tubes for the direct comparison.
However, the partitioning between the gas phase and the
primary particles in the exhaust in the CVS can be calculated.
First, the primary organic aerosol (POA) mass concentration

S(g/g)

e

S.-M. Li et al.: Condensational uptake of semivolatile organic compounds

(a)

t3

O 100

@ SO04= Seed Particle
B Nitrate Seed Particle

—— Power Function Fitto S

y=a+b x°
a=0.024 £0.09

b = 7305 * 1.0e-06
¢ =-2.39 £0.03

r*=0.90

10°
Total Dilution Ratio

in air (in unit of ug nT3), Cpp: Is estimated from the primary o 5 for 804 sead paricle Engine Mos
aerosol mass calculated using the particle number size spec-
tra from the SMPS measurements and assuming a density of
1.4gcnt2 (Larson et al., 1998; Park et al., 2003) and a ra- 8
tio of organic carbon mass/total mass of 43.7 % (Schauer et
al., 2002). The calculated primary particle mass concentra- :
tions were compared and verified with several Teflon-filter
based mass measurements. The total hydrocarbon concen- - N
tration in the CVS CtHc, ugnt3) is calculated using the
THC data (which are reported &nc in units of ppmC) as- T o ¥
suming an H/C atomic ratio of 1.2. The fractiaFp, of the
THC present in the primary particles in the CVS is calculated HEREERN P
to be 011+ 0.06 using
__ G _ Cpp

Cpp+ CTHe Cpp+ 2x 1(f3PTHC

@ S for SO4 seed particle Engine Mode 2

m S for SO4 seed particle Engine Mode 3

S(g/9)

4 5 6 7809 2 3 4 5 67809

10°
Total Dilution Ratio

Fig. 4. The amount of dissolutio® of the organic matter in the
inorganic seed particles (condensed organic mass per unit mass of
seed particles) in g‘g1 unit versus total dilution ratios from 81 to
where Ctpc = 2x10-3Pryc is a conversion from partial  2230. The uncertainties Bare derived from the linear fits to COM
pressure to air concentration atZ5 and 1 atm.Fp,, did not versus seed particle maga) Red diamonds are for for (NH>SOy
change significantly over the narrow range of dilution ratios seed particles of all engine modes; blue squares are foNT
of 14-22 inside the CVS; however, it should decrease withseed particles in engine mode(b) Sfor (NH4)2SO, seed particles
further dilution in the flow tube sinc€py is expected to de- N engine modes 1, 2, and 3.
crease faster tha@tyc due to evaporative loss of volatile
organic components from the primary particles.

An aggregate partitioning coefficiekf, may be defined
for the condensational uptake shown in Fig. 2 using

_ COM/Ms S
o © 2x10-3PrHc

or, S=2x 1073 Kp Prrc; Prhc is the partial pressure of
THC in the flow tube and changes with the different dilu-
tion ratios. It should be noted that a true partitioning coef- g _ (0.012+0.0002) + (1.37+0.28) x 10—4(;%%&0476)
ficient of a compound is determined only by its particle and

gas phase concentrations, but in the absence of speciatiomith a correlation coefficient? =0.81 for the fit. The value
information in both phases, the aggregate partitioning coeffi-of Sincreases from 0.012gd to 0.26 gg* with Ctc in-
cientKp as defined in Eq. (11) provides a convenient tool for creasing from 1 to 18 pgnt (over the range of the dilution
modeling the organic mass that may reside in ambient parratios between 81.5 to 2230). As shown in Fig. 5, the re-
ticles from condensation of THC compounds in the enginesponses are consistent between the two types of seed par-
exhaust. Comparing Egs. (11) and (5), it is clear tkigtis ticles, and among the different engine modes. The non-
inversely related to the Henry’s law constday for the dis-  linearity shows that the partitioning coefficiekip, being the
solving THC in the inorganic particles. derivative of the function given in Eq. (12), is not a constant

Fpp (20)

Figure 5 shows a plot 08 versusCtnyc, showing non-
linear increases iBwith increasingCtyc. Similar to Fig. 4,
the Sresponses t@'tyc are separated by the seed particle
composition (NHNO3 versus (NH)>SO, seeds, Fig. 5a)
and by the different engine mode for (IWHSO, seed par-
ticles (Fig. 5b). A power function fitted t8 versusCtuc
yields

11
P CTHC (1)

(12)

Atmos. Chem. Phys., 11, 1015@4171 2011 www.atmos-chem-phys.net/11/10157/2011/



S.-M. Li et al.: Condensational uptake of semivolatile organic compounds 10165

ganic content of the inorganic seed patrticles at the higher
Ctuc. Other factors not included in a simple solubility par-
titioning model, which can enhance the organic uptake and
increase the amount of dissolution under highgfc, in-
clude potential organic reactions in the particles (Liggio et
al., 2007; Hallquist et al., 2009).

To compare the partitioning of THC to the seed patrticles
and the patrtitioning of THC on the primary patrticle, the par-
titioning of THC to the seed particles is calculated as:

0.30

@ S04 seed particles - All Modes

025 @ Nitrate seed particle - Mode 1

0.20 .
y=a+bx
a=0.012+0.0001

015 b = (1.37:0.28)x10”
¢ =2.5310.76

S(9/9)

o0 =082

COM  S-Ms

(a)

(13)

Feom= 0 =0
000 THC  “THC

whereC$HC is the initial THC concentration before dilution
in unit of ug nT3. Equation (13) shows thdf.om varies lin-
early with respect t& if Ms and C3,,. are fixed. For the
experimentf?HC changed significantly whil§ varied over
the dilution range of 81 to 2230 (Fig. 4). However, there are
no corresponding changes in the aggregate partitioning co-
efficient Kp with the dilution ratio, suggesting that diluting
both the gas and particle phase SVOCs did not cause system-
atic shifts in partitioning between the two phases.

For anMs of 15 ug nr3 Eq. (13) yields anFom between
® 0.02 and 0.21 and averages 0#R.06. For anMs of
0.00 % ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 30ug nT3, Feom rises to a range between 0.07 to 0.4 and

THC (ug ™) averages 0.2+ 0.09. Considering thafpp is estimated at

0.11 for the low dilution situation inside the CVS and should

Fig. 5. The amount of dissolution of organic mass in inorganic par- decrease with further dllutlor;sfcom W'”_ be equivalent to
ticles,S, in g gL unit versus the concentrations of THC in the gaso- Fpp @t Ms lower than 15pgm?=. Thus, in moderately pol-
line engine exhausGtyc. A non-linear increase iSis observed  luted atmosphere, the condensational uptake of SVOCs on
with increasingCthc. The relationship is fitted with a power func-  inorganic particles can account for significant fractions of the
tion as shown by the fitted curve. The uncertaintieSare derived ~ THC emitted from gasoline engines, fractions that are equiv-
from the linear fits to COM versus seed particle mgsg.Red di-  alent to the fraction of THC partitioning on primary particles.
amonds ares for (NH4)2SOy seed particles of all engine modes;

blue squares are for O3 seed particles in engine mode(b) 35 OQrganic composition of COM versus primary
Sfor (NHg)2SOy seed particles in engine modes 1, 2, and 3. organic aerosol (POA)

0.30

@ S04 seed particles Mode 1
0.25 @ S04 seed particles Mode 2
B SO4 seed particles Mode 3
0.20 o
y=a+bx

a=0.012 £ 0.0001

015 b = (1.37£0.28)x10™
¢ =253:0.76

S99

o0 r°=0.82

0.05

In the current experiments, primary organic aerosol (POA)
with respect tadCtHc. Itincreases from 0.0004 (ugT) ! at particles from the gasoline engine were filtered before the
Cthc=1pgnT3, t0 0.03 (ugm3)~t at Crrc=18pgnT3,  exhaust gas was exposed to the seed particles (Fig. 1) rather
increasing by>100 times. The intercept (@124+0.0001) than allowing the POA to interact with the seed particles.
in the power function of Eq. (12) implies that at very high In theory, transfer of semivolatile organics from the POA
dilutions, the value ofs becomes asymptotic. The relative to the seed particles can occur, first through evaporation of
size of this intercept may represent irreversible condensatiosemivolatiles followed by condensation of the evaporated
versus reversible equilibrium, similar to olefin reactions with components to the seed particles, resulting in COM. This
sulfate seed particles (Liggio and Li, 2008). Regardless, thigorocess might have contributed more mass to COM, accom-
intercept is small compared & and could be a result of the panied by a loss of organic mass from the POA. However,
choice of fitting function. Clearly, more experiments will be as demonstrated below with estimates of evaporative mass
needed to determine the significance of the intercept with refrom POA and with differences in chemical composition be-
gard to the possibility of irreversible condensation. tween POA and COM, this potential mass transfer from POA

The relationship betweeB and Ctyc suggests that, as to COM is negligible.
CTtHc increases, proportionally more organics are partitioned Firstly, this mass transfer can be estimated as follows. The
into the particles. Since the uptake was determined mostlyprimary organic mass was 11 % of the THC based on Eq. (10)
by dissolution of organics (see Fig. 3), the increasivgith at relatively low dilution ratios of 14-22 in the CVS (and
CtHc may be due to enhanced solubility with the higher or- should be lower at higher dilution ratios). Assuming that the
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maximum evaporative loss fraction for the POA from further o1
dilution over the current dilution range was about 67 %, sim- )
ilar to that reported by Robinson et al. (2007), the evaporated _ "’ ’
mass from the POA would be approximately 7 % of the total = ,,, | R 5
gas phase THC. Of this evaporated organic mass, most would ’
remain in the gas phase after repartitioning to the seed parti-
cles. The value of.on, obtained using Eq. (13) can be used 27\ N
as an estimate for the fraction of the evaporated POA which /o
re-partitions onto the seed particles. Mt=15pgnr3, the /
value of Feom is 0.12 and the condensed fraction is 10 % of “ ‘ | |‘” ‘l‘ | h |
the total evaporated POA. In fact, as discussed below, the oe«- |' ‘n e h ;")"" """a'c .
particle-bound fraction of the evaporated POA would be even miz
smaller than thig.om value would indicate since COM was
comprised of different species than POA. Thus, the reparFig- 6. The average spectrum of the normalized organic mass spec-
titioning of the evaporated POA would contribute? % of tra for the condensed organic mass (COM) on sulfate seed particles.
the COM on the seed particles, ard0 % of the evaporated The average spectrum was obtained for all the same experiments as
POA would condense as COM. those shown in Fig. 2.

Secondly, the chemical composition of POA and COM

was different, suggesting that the potential contribution to,, seeq particles (Liggio et al., 2005, 2007). In light
COM from the repartitioning of the evaporated POA was duty gasoline vehicle emissions, carbonyls can be ap-

even smaller than the abqve analysis based on partitioning Oﬁroximately 5-10% of the hydrocarbons (Graham, 2005),
the bulk THC. The organic mass spectrum of POA was notyhich is consistent with the profiles published by the US

determined by the AMS in the current study. However, angpa hitp://cfpub.epa.gov/si/speciate/etsmeciatebrowse
organic mass spectrum was published fpr POA from a gasoéource.cfm?ptype:ﬁhnd by Shauer et al. (2002). Although
line engine by Mohr et al.l(2009), showmg.the largest frag'small, this oxygenate proportion in the VOCs from gasoline
ments atm/z43 and 57, with fragments ratios 0f/z43/44  g4ine emissions may be sufficient to lead to the high oxygen
an(_j 57/44 of 6.80 and 6._32, _respectlvely. Further_more, the.ontent seen in the COM. This oxygen-containing primary
ratio m/z44 to total organics in the reported POA is 0.017. organic mass on seed particles would in fact help solve the

These values are further supported by ambient measuremen(s; e (at least partially) that models typically under-predicted
results which suggest that primary combustion aerosols ingoa

general are dominated by hydrocarbon-like organic aerosols
(HOA) (Ng et al., 2011 and references therein). HOA, de-3.6 Significance of condensational uptake: AURAMS
rived from statistical analysis of ambient AMS organic mass regional air quality modeling
spectra from many field studies, has the maximum organic
fragment am/z43 and a prominent fragmentiaw/z57, with To test the significance of COM on a regional scale, a uni-
a ratio of m/z43 to m/z44 of 6.9 and an/z57/44 ratio of  fied regional air quality modelling system, AURAMS (Gong
5.52 (Ng et al., 2011), consistent with the reported POA fromet al., 2003; Stroud et al., 2008; Cho et al., 2009; Smyth
gasoline engines (Mohr et al., 2009). et al., 2009; Slowik et al., 2010; also see Supporting Infor-
In comparison, the typical organic mass spectrum ofmation, Sl), was used to model the gasoline exhaust emis-
COM, in Fig. 6, shows the largest organic fragmenhét44, sions and subsequent condensation of SVOCs ontg SO
and the fragments/z43 and 57 are small. The/z43/44  aerosol. Gasoline exhaust total organic vapor (THC) was
mass ratio (0.59) in COM is a factor of 12 lower, and the treated as an additional gas-phase species in the mobile
m/z57/44 ratio (2.91) a factor of 2.2 lower, than that for the stream of the emissions processing system. THC was emit-
POA reported by Mohr et al. (2009). The ratio of fragment ted, transported, lost by gas-phase chemistry, and allowed
m/z44 to total organics is 0.097, 5.7 times higher than thatto reach equilibrium partitioning with SP aerosol using
of POA reported by Mohr et al. (2009). Therefore, COM Eq. (12). AURAMS was run at a 15km grid spacing with
is significantly different than either the POA or the HOA, a domain covering eastern North America for the month of
containing a higher oxygen content than either aerosol typeslune, 2007. AURAMS produced concentration predictions
The organic mass spectrum of COM demonstrates that théor PM25 SO, gasoline engine exhaust THC, total primary
oxygenated SVOCs in the gasoline engine emissions wererganic aerosol (POA) from all sectors, ’traditional’ sec-
likely the more active condensing organics compared to theondary organic aerosol (SOA), gasoline engine exhaust pri-
hydrocarbons. This makes it much less likely for POA repar-mary particulate mass and condensed organic mass (COM)
titioning and re-condensation to be important to COM. from gasoline engine exhaust. The model was run over a
This oxygen-containing COM is consistent with lab high pollution episode (24 to 27 June) and a low pollution
studies that showed large and fast uptake of carbonylperiod (20 to 23 June).
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1. PM,; SO, Clean Case, Jun 20-23 | 2. Gaseous Gasoline Total Hydrocarbon

3. Condensed Organics on SO, (COM) | 4. PM, 5 Primary OA from All Sources
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Fig. 7. AURAMS model simulation of surface level ambient aerosols in i ror ratios centering on Lake Erie. The simulation is for the
polluted case from 24-27 June: (1) average surface £80; (2) gasoline engine exhaust THC; (3)COM on&tm the gasoline engine
exhaust THC; (4) PN total primary OA mass from all sources; (5) COM from gasoline exhaust opg80y; (6) PM, 5 secondary OA

using traditional mechanisms; (7) ratio of COM to total primary OA from all sectors; (8) ratio of COM to primary OA from gasoline exhaust.
The model grid resolution is 15 km.
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Fig. 8. Same as Fig. 7 but for the clean case of 20 June, 12:00 Universal Time to 23 June, 12:00 Universal Time.
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During the high pollution episode, southerly flow brought from COM will be even higher over a regional scale. Fur-
air rich in SG; aerosol from the Ohio Valley to the Detroit- thermore, dissolution of SVOCs into the organic components
Windsor area; the maximum modeled ;3@oncentrations  in particles is probable and may further enhance COM.
reached over 20 ug™ on 26 June which is consistent with
measured concentrations. The model captured some of the
temporal behavior of the SDobservations with a general 4 Implications and uncertainties
small positive bias (Fig. S1, Sl). In the Detroit-Windsor area,
there were two noticeable maxima in the gasoline engineAlthough COM can be significant compared to organic
exhaust THC time series on 25 and 26 June. These day&erosols on aregional scale, there are a number of unresolved
overlapped with the SPevent resulting in a large uptake of issues and uncertainties based on the current results. Firstly,
gasoline engine exhaust THC to the S@erosol (maximum the largest uncertainty relates to the exact identities of the
COM of 20 ugnt3). The maximum COM from gasoline condensing organic spegies (or classes of species) and the de-
engine exhaust THC uptake was over an order of magnitud@ree to which they contribute to the total VOC burdens. Sec-

larger than the maximum gasoline engine exhaust primary or@ndly, itis unclear if fast chemical processing in the particles
ganic aerosol maximum (gasoline exhaust POA, 0.7p§m  contributed to the measured COM and therefore altered the
in the urban area. original chemical composition of the soluble species. Hence,
The model results also show that by condensing onto Sul_the chemical speciation of the condensing organics is criti-

fate particle alone, COM from SVOCs in the gasoline enginef:ally important for addressing this issue. Speciation is also

. N . . : important since the amount of condensation relative to the
exhaust is a significant amount in comparison with the total __" . : )
. i . artial pressures of the condensing organics can affect the re-
primary particle mass from all sources. Figure 7 shows th

3-day averaged model results over the high pollution episod ationship between this amount and the mass of the seed par-

from. 24—27 June for a model domain centered over Lake%des' For example, if the partial pressure of the condensing

. o L organics is similar or small compared to COM, then increas-
Erie. For polluted conditions, the traditional SOA and COM . 9 . np . .
. : ing the seed particle mass will not result in corresponding
were both important on regional scales and POA was only. . . L
T . S increases in COM. Furthermore, chemical speciation infor-
significant at urban locations. The amount of COM is higher __ . . )
. . .~ mation can help quantify the potential effect of POA evap-
than the total primary particle mass from all sources during

: : . Pration and repartitioning into the seed particles as part of
the pollution episode across the model domain by a factor o . . .
: . ) . COM. A third uncertain aspect of the condensation process
up to 3, and higher than the gasoline primary particle MaSSS whether the condensation and dissolution processes are
by a factor of up to 7.5. During the pollution period, COM is P

L . . . reversible. The fourth issue is whether the dissolution pro-
comparable to “traditional” SOA over a wide region of south- . : S
. cess is affected by the matrix effect of the seed particle ionic
eastern Michigan.

strength. This may help explain partially the changing effec-

For cleaner conditions, Fig. 8 shows the 3-day averagedjve Henry’s law constant as observed. From a purely physi-
surface distributions for the period 20 to 23 June. This wasca| condensation and dissolution perspective, one expects the
a period with northwesterly winds and low $@ver Wind-  processes to be reversible depending on changes in the par-
sor. During the clean period, COM is comparable in mag-tja| pressures of the condensing organics. However, if there
nitude to ,traditional, Secondary OrganiC aerosol mass W|th|n are Chemica' processes Occurring on the Seed partic'es af[er
and just downwind of some major urban centers (e.g. southzondensation and dissolution, part of the COM may become
ern Detroit). Gasoline exhaust COM in the Detroit-Windsor jrreversible. Finally, the limited engine operational modes
air Shed was a|SO Compal’ab|e in magnitude to POA from a”deployed may not tru'y reﬂect the real Wor|d Working con-
sectors. On regional scales, for the clean period, the “tragitions of light duty gasoline engines. These uncertainties
ditional” SOA was larger than COM or POA for most loca- point to the need for further studies to provide in-depth in-
tions. sights into these complex processes.

In summary, the modeling results suggest that gasoline Regardless of these uncertainties, the results presented
exhaust COM could be an important component of organichere have implications for the emission databases used for
aerosol within or just downwind of urban areas with coinci- modeling primary organic aerosol particles (POA), and for
dent high sulfate aerosol loadings. It should be noted thatutomotive emission control policies. The current emission
the model application above uses S® derive the magni- data are based on results obtained under legislated methods
tude of COM over a regional scale. Other inorganic mass infor specific set of sampling conditions using filters at low
the ambient particles may also serve as a good medium fodilution ratios (US EPA, 1993, 1996). No protocols are con-
the condensable organic materials to dissolve in, as shown itained in the sampling guidelines to address the condensed
the experiments with NiNOg3 seed particle experiments. If organic mass on ambient particles. Thus, the primary particle
these additional inorganic masses are included in the modehass emissions do not include the condensed organic mass
application, COM will be larger than that based or,Sanly, as revealed in the present study. Consequently, current par-
and relative to the primary particle mass the contributionsticle mass emissions underestimate the true POA emissions
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from automotive sources, neglecting an amount that can be and 6) pttp://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=

similar to the primary particle mass. CELEX:52008XC0719(03):en:NQT2008.
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