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ABSTRACT: The production of secondary organic aerosols

(SOA) from toluene photochemistry in Shanghai, a megacity of & o 61SOAa=23+ 11 pgm”
China, was estimated by two approaches, the parametrization © yield %S—SOAPMZI.SiI.l gm’
method and the tracer-based method. The temporal profiles of i 24_

toluene, together with other fifty-six volatile organic compounds oH 0 25 o
(VOCs), were characterized. Combing with the vapor wall loss OM 5, DS/
corrected SOA vyields derived from chamber experiments, the OH OH o ﬁ P
estimated toluene SOA by the parametrization method as embodied g 1] e Qp
in the two-product model contributes up to ~40% of the total SOA -
budget during summertime. 2,3-Dihydroxy-4-oxopentanoic acid fraction 0 1.2 3 4 5 6
(DHOPA), a unique product from the OH-initiated oxidation of Lecihasdpcny

toluene in the presence of elevated NO,, was used as a tracer to

back calculate the toluene SOA concentrations. By taking account for the effect of gas-particle partitioning processes on the
fraction of DHOPA in the particle phase, the estimated toluene SOA concentrations agree within ~33% with the estimates by
the parametrization method. The agreement between these two independent approaches highlight the need to update current
model frameworks with recent laboratory advances for a more accurate representation of SOA formation in regions with
substantial anthropogenic emissions.

1. INTRODUCTION attributed to aromatics photochemistry, for example, ~11%
at Paris'® and 10.6—13.9% at Changdao, China.® The tracer-
based method is widely used for SOA source appoint-
ment.”'""> In principle, an oxidation product that is unique
to a given hydrocarbon system can serve as a tracer for the
estimation of the ambient SOA produced from this particular
hydrocarbon based on the tracer-to-SOA ratio that is measured
in chamber experiments. With this method, field studies have
estimated that toluene contributes ~15—=79% to the overall
identified SOA in megacities in China, including Beijing,
Shanghai, Guangzhou, and Hong Kong,*~®'"'371%
Compelling evidence from field observations suggests that
current SOA models consistently underpredict the ambient
organic aerosol concentration.'®”"” Such underprediction is
likely a result of a number of factors. The traditional SOA

Secondary organic aerosol (SOA) constitutes a major fraction
(20—80%) of particulate organic matter (OM) in the ambient
atmosphere, and it profoundly influences air quality, climate
change, and human health."™® Anthropogenic aromatics, a
significant fraction of volatile organic compounds in the urban
atmosphere, have been suggested as an important SOA
precursor.”™ The contributions of aromatics derived SOA to
the overall SOA budget in different urban areas have been
estimated mainly through two approaches, that is, the two-
product model and the tracer-based method. The two-product
model is an empirical gas—particle partitioning model
optimized to chamber SOA yield data. The best-fit parameters
are further incorporated in 3-D transport models for the
predictions of SOA formation from a given hydrocarbon
system in the atmosphere. Using this method, studies have

estimated that the removal of aromatic precursors under low- Received: January 30, 2019
NO, conditions accounted for approximately ~37% of the Revised:  June 27, 2019
secondary formation in the United States,’” whereas under Accepted: July 2, 2019
high-NO,, conditions, significantly less SOA formation is Published: July 2, 2019
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models constrained by chamber experiments do not account
explicitly for atmospheric aging. Further, the VOC emission
inventories that drive atmospheric models in all likelihood
understate the fluxes of key SOA precursors,”’ and the addition
of more complete SOA precursor inventories into models has
not yet satisfactorily resolved the gap between measurements
and preclictions.21 Most recently, chamber experiments have
demonstrated that vapor losses can lead to substantial
underestimations in SOA formation,and accounting for such
losses could have the potential to bring model and measure-
ment into closer agreement.22

Shanghai, the biggest city in China, is facing serious air
pollution due to rapid urbanization and industrialization,
arousing people’s great concern about visibility reduction and
public health impact. The annual average PM,s showed a
decrease trend (from 101.7 to ~60 ug m~>) from 1999 to
2012.>* In response to the severe haze event of 2013, the
Chinese State Council released the “Atmospheric Pollution
Prevention and Control Action Plan” in September 2013.**
Since then, The concentration of PM, 5 decreased from 79 to
32 ug m™ as of 2017.”> However, the relative contribution of
secondary fraction to PM, ; has been increasing compared to
the primary fraction. In particular, the relative contribution of
secondary organic carbon (SOC) to organic carbon (OC)
showed an increasing trend from 20%® in 2013 to 52.2% in
2017.”77*" Recent studies in Shanghai have shown that OM
contributed to 48% of the PM mass, and SOA accounted to
44—71% of organic aerosols.”*** Similarly, the long-term
trends of O; from 2006 to 2015 in Shanghai increased by
67%°, suggesting that secondary pollution has become a
serious air quality problem in Shanghai.

In this study, we employ the parametrization method as
embodied in the two-product model and tracer-based method
to estimate the SOA production from toluene photochemistry
during a pollution episode of the summer 2014 in a megacity
of China, Shanghai. We account for the vapor wall loss
processes in the parametrization of chamber-derived SOA
yields from toluene as well as a series of other VOCs. We
update the tracer-based method by considering the gas—
particle partitioning and the photochemical processes that lead
to the toluene tracer formation. The surface level of the
toluene derived SOA at two observational sites that are
representative of the urban and suburban area of Shanghai was
evaluated by comparing the outputs of the two approaches.

2. EXPERIMENTAL SECTION

2.1. Sampling and Analysis. Field measurements were
carried out during a photochemical pollution episode from 4 to
7 August in summer 2014 at two ground sites that are
representative of Shanghai urban area (site XH, 31.170° N,
121.431° E, 15 m above ground level) and suburban area (site
QP, 31.136° N, 121.092° E, 10 m above ground level), see the
map in Supporting Information (SI) Figure S1. Site XH is
located in the city center, surrounded by residential buildings
and under strong influence of vehicle emissions. Site QP is
located northwest of the city center ~32 km from the XH site.
The landscape surrounding the QP site is a mix of polluted air
masses by regional transport and local biogenic emissions.
During the campaign, O;, NO, NO,, and meteorological
parameters were constantly monitored.

VOCs samples were collected using SUMMA canisters
(Entech Instruments, Simi Valley, CA) five times per day at
09:00 (07:30—10:30), 12:00 (10:30—13:30), 15:00 (13:30—
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16:30), 18:00 (16:30—19:30), and 21:00 (19:30—7:30 + 1
day), and then analyzed off-line by a custom-built two-channel
gas chromatography coupled with a mass spectrometer and a
flame ionization detector (GC-MS/FID).* The FID channel
with a PLOT ALO; capillary column (15 m X 0.32 mm X 3.0
um, J&W Scientific, Folsom, CA) is used to measure C,—C;
hydrocarbons and the MS channel with a DB-624 capillary
column (30 m X 025 mm X 1.4 pm, J&W Scientific) is
targeted for other species. Calibration was conducted by
PAMS standards (Spectra Gases Inc., Stewartsville, NJ) with a
concentration range of 0—8 ppbv. A total of 57 nonmethane
hydrocarbon species, including alkanes, alkenes, and aromatics,
were measured, with detection limits in the range of 0.002—
0.121 ppbv.

PM, s samples were collected on quartz filters (20.3 cm X
25.4 cm, Whatman QM-A, UK.) during daytime (07:30—
19:30) and nighttime (19:30—07:30 + 1 day) using high
volume samplers operated at 30 m® h™'. Each quartz filter was
divided to two parts for SOA speciation and total carbon
analysis. The filter handling and extraction protocols for SOA
speciation have been described previously.'* Briefly, the filter
with spiked methyl-$-p-xylopyanoside (MXP) as the internal
standard was ultrasonically extracted with 20 mL of dichloro-
methane and methanol (1:1, v/v) mixture at room temper-
ature. The extracts were further dried by a gentle stream of
ultrapure nitrogen and then derivatized with 100 L N,O-
bis(trimethylsilyl)-trifluoroacetamide (BSTFA, with 1% trime-
thylchlorosilane as catalyst) and 20 uL pyridine at 75 °C for 45
min. The resulting derivatives were analyzed by GC-MS (6890
GC/5975 MSD, Agilent Technologies Inc., Santa Clara, CA).
The GC temperature was programmed to rise from 70 °C
(held for 2 min) to 300 °C at 5 °C min™" with a hold of 5 min.
Ultrahigh-purity helium was applied as carrier gas with a flow
rate of 1.0 mL min~". The MS was operated in the electron
ionization mode at electron energy of 70 eV. Selected ion
monitoring mode was used for the quantification of the target
SOA tracers: m/z 204 and 217 for MXP and m/z 247 for 2,3-
dihydroxy-4-oxopentanoic acid. SOA tracers were quantified
using MXP as the surrogate as MXP is not found in
atmospheric sam]zales and its derivatives features a distinctive
mass spectrum.'”'* Toluene SOA tracer 2,3-dihydroxy-4-
oxopentanoic acid was identified. The remaining quartz filter
was used for the elemental carbon (EC) and OC analysis with
a thermal/optical carbon analyzer (DRI 2001A, Atmoslytic
Inc., Calabasas, CA).

Field and laboratory blanks were extracted and analyzed in
the same manner. The target compounds were not detected in
the blank samples. The extraction efficiency was evaluated by
adding MXP to each filter sample half hour earlier prior to
extraction. The recovery was 70—110% for MXP, suggesting
that the extraction efficiency of the SOA tracers is acceptable.
The measured differences in the concentrations of target
compounds in paired duplicate samples were less than 20%.

2.2. Total SOA Estimation by the EC-Tracer Method.
The total SOA concentration was estimated using the EC-
tracer method (SOAgc), which has been widely used in
previous studies:”' >

SOA = SOC x 1.8 (1)

SOC = OC — EC X (E)
EC

@)
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Figure 1. Concentrations of measured VOC precursors and SOA estimated by the parametrization method at the urban (XH) and suburban (QP)

sites in Shanghai.

where the SOA to the SOC ratio in summertime Shanghai was
estimated as 1.8,°* and the OC to EC ratio for primary
emissions (OC/EC)Pri (1.32 at XH and 1.36 at QP) was
estimated using the observed minimum OC/EC ratio.>>3¢
These estimated values are comparable with those (1.8 at XH
and 1.6 at QP) derived via linear regressmn of the 20th
percentile of the entire measurements.”’

2.3. SOA Estimation by Parametrization Method. The
parametrization method is used to estimate the SOA
production from a given VOC:***

SOAp - Voct consumed X Y

()
where Y, the SOA yield from a given VOC, is calculated as the
mass ratio of the SOA produced to the parent hydrocarbon
reacted. Here, alkanes and aromatics with more than six
carbons are considered as potential SOA contributors in our
calculation.*** Other potential precursors such as intermediate
VOCs (IVOCs) and semi-VOCs (SVOCs) were not included
in this study due to our measurement limitations. SOA yields
measured under high-NO, conditions from previous chamber
studies (as shown in SI Table Sl) are scaled to the ambient
conditions ([OA] = 15.0 ug m™>, T = 304 K) during the
sampling period and further corrected for vapor wall losses.””
VOC; onsumesr the amount of VOC; oxidized by the OH
radical, is calculated based on the photochemical age via eq 4):
VOC,

1,consume

4= VOC;, X (exp(k[OH]At) — 1) (4)

where the OH exposure, [OH]At, is the product of OH radical
concentration [OH] and photochemical age At, given by4]

1

LLET
[X]

[OH]At = X |In——

E_kX

©)

where kg and ky are the reaction rate coeflicients for the OH
oxidation of ethylbenzene (7.0 X 1072 cm® molecule™ s7')
and m+p-xylene (18.9 X 107'* cm’® molecule™ s7'),

cm
{ } is the measured ratio of ethylbenzene to

respectively.
, are shown in

xylene at time t. The temporal profiles of %
t=t
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SI Figure 52.% is the emission ratio of ethylbenzene to m
t=t,

+p-xylene assumed to be constant during the investigation
period. This value was estimated as the ratio observed in the
least processed air masses at night (SI Figure S2). The ratio of
ethylbenzene to m+p-xylene is commonly used as an indicator
for photochemical reactions because these chemicals are
usually from common sources, and the reaction rate constant
of m/p-xylene with the OH radical is apfroximately three times
greater than that of ethylbenzene.***~*" The OH exposure is a
linear function of the logarithm of the measured ratio between
the two hydrocarbons and equals to zero when the measured
ratio is equal to the emission ratio.*> This method has been
applied in the Los Angeles,’®***® Paris'’ and many other
places of China.®***

2.4. Tracer-Based SOA Estimation Method. The tracer-
based method, as introduced by Kleindienst et al. (2007), has
been widely used for the estimation of the contribution of
individual biogenic and anthropogenic hydrocarbons to the
SOA production via atmospheric photooxidation processes:'>

i,SOA

SOA =
(6)

where [tr;] is the particle-phase concentration of tracer i (ug
m™) in the ambient air, [SOA] is the to-be-determined
concentration of SOA (ug m™>) produced from the oxidation
of a given hydrocarbon precursor in the ambient air, and f; 504
is the fraction of the tracer i in the SOA produced from the
same hydrocarbon precursor in chamber experiments. The
premise behind the tracer-based method is that f;qo, derived
from chamber experiments remains constant in the ambient,
although many environmental factors, such as temperature,
free radical levels, total organic aerosol mass loading, etc.,
could modulate the pathway by which the tracer is formed in
the particle phase and thereby affecting the value of f; 0. Here
we correct f;soa by accounting for the gas-particle partitioning
processes, as discussed shortly.

2.5. Trajectory Cluster Analysis. Twenty-four-hour
backward air trajectories arriving at the sampling location
were calculated based on Hybrid Single-Particle Lagrangian
Integrated Trajectory model (HYSPLIT 4.0) developed by Air
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Resources Laboratory from National Oceanic and Atmospheric
Administration (NOAA)*® (http://www.arl.noaa.gov/ready/
hysplit4.html). The model was run every 1 h, and the starting
height was set at 200 m. A clustering technique, embedded in
the free software TrajStat (http: //www.meteothinker.com/
TrajStatProduct.aspx), is performed to discriminate different
transport trends/tendencies in the horizontal and vertical
directions. Similar trajectories are paired to form clusters in the
clustering analysis, from which maximized differences are
found. More details of the clustering technique can be found in
the references of the HYSPLIT model.”

3. RESULTS AND DISCUSSION

Continuous high temperature, low relative humidity, and
strong solar radiation that favor photochemical pollution were
observed during the campaign, see SI Figure S3. The 8-h
average daytime concentrations of O;, NO, NO, are 344 +
23.3 ppb, 4.3 + 2.3 ppb, and 14.8 + 3.9 ppb, respectively, at
Site XH and 46.0 + 26.9 ppb, 2.5 + 0.9 ppb, and 12.2 + 2.7
ppb, respectively, at Site QP. The observed peak O,
concentrations at the suburban site (131.1 ppb) are generally
13.6% higher than those at the urban site (115.4 ppb), owing
to the limited NO titration and enhanced VOC oxidation (the
diurnal OH exposure levels vary from 1.5 X 10" molecules
cm™ to 4.5 X 10" molecules cm™ s at Site XH and from 1.21
x 10" molecules cm™ to 4.6 X 10" molecules cm™ s at Site
QP). The daytime SOA concentrations estimated by the EC-
tracer method (SOAgc) account for 47.6% and 42.3% with
range from 45.3%—52.0% and 29.8%—47.2%, respectively, of
the total organic matter for Site XH and Site QP (SI Table S2
and Figure S4), and are positively correlated (R* = 0.81) with
the O average daytime concentration for both sites (SI Figure
SS). These values are consistent with previous observations, for
example, the average contribution of SOA to the total OM
mass was 41.0% in Pearl River Delta® and 33.8% in Beijing.”'

3.1. Toluene SOA Estimation by the Parametrization
Method. Fifty-seven VOCs, classified as alkanes, alkenes,
acetylene, and C4—C,, single-ring aromatics, were detected,
with total concentrations of 65.8 + 43.8 ug m™ at Site XH and
48.3 + 18.5 ug m™> at Site QP (Figure 1). Aromatics and
alkanes dominate the overall VOC emission for both sites. The
clustering analysis of 24 h air mass backward trajectories (SI
Figure S6) computed by the NOAA HYSPLIT model™
suggests that the trajectories primarily originated from the
Pacific ocean with clean air masses, implying that the observed
VOCs at Shanghai are primarily from local emissions.
Accordingly, the daily fraction of each VOC category is a result
of local variations in emissions and photochemical processes (SI
Figure S7). Toluene is the most abundant anthropogenic VOC
(26.3 ug m~* at XH and 10.1 ug m~ at QP), accounting for
40.0% and 21.0%, respectively, of the total VOC mass. The
prevalence of toluene in Shanghai’s air is consistent with earlier
observations in other megacities of China, where high-aromatic
fuels and solvent use are the predominant anthropogenic
source.”” > Additionally, the OH reactivity of toluene is
relatively low compared to the other nonparaffinic hydro-
carbons, further extending its lifetime in the atmosphere.”® A
distinctive diurnal pattern of the VOC emissions was observed
at Site XH, peaking at night (19:30—7:30 + 1d) followed by
early morning (7:30—9:30). The observed peak VOCs
concentration at the urban site (160.1 ug m™) is
approximately twice as much as that at the suburban site
(76.8 ug m™).

8667

Also given in Figure 1 are the estimated SOA concentration
profiles from photooxidation of the identified 57 VOCs by the
parametrization method. The average SOA concentrations are
22 + 24 ug m™3 and 2.5 + 1.7 ug m~3, respectively, and
explain 29.3% and 37.3%, respectively, of the total SOA mass
estimated by the EC-tracer method (SOAg.) at Site XH and
Site QP. The remaining unaccounted SOA mass is likely
produced from the missing IVOCs and SVOC:s, as well as the
potential missing chemical production pathways such as
ozonolysis of alkenes. The toluene SOA concentrations
estimated by the parametrization method are 1.8 + 0.7 ug
m™ and 1.5 + 1.1 ug m™>, respectively, contributing 23.6%
and 22.8%, respectively, to the daytime SOA at Site XH and
Site QP (see SI Table S3 for more details). While the toluene
and NO, levels at Site QP were much lower than those
measured at Site XH, the photochemical losses of toluene and
resulting SOA mass were actually comparable between the two
sites due to different extents of OH exposure. The diurnal
profile of toluene SOA, as shown in SI Figure S8, exhibits a
noon peak maximum at XH, with featured concentration of 3.6
+ 2.0 ug m~>, On the contrary, a continuous increase in the
early afternoon was observed at Site QP, consistent with the
estimated higher OH exposure in the suburban area.

3.2. Toluene SOA Estimation by the Tracer-Based
Method. 2,3-Dihydroxy-4-oxopentanoic acid (DHOPA), a
unique product from the OH-initiated oxidation of toluene in
the presence of elevated NO,, has been identified as a tracer
for toluene SOA.'” During the investigation period, the average
daytime mass concentrations of DHOPA are 2.1 + 2.1 ng m™>
at Site XH and 1.9 + 1.4 ng m™> at Site QP. These levels are
comparable with previous measurements durin% the summer
time in Shanghai (1.9 + 1.7 ng m™3), China, * Hongkong,
China (~1.6 ng m~>),"* Bondville, IL (1.8 ng m~3),%” and Towa
City, IA (~0.3 ng m~3),>® but lower by approximately an order
of magnitude compared with those reported in the Pearl River
Delta region, China (15.1 ng m~>), Beijing, China (9.7—11.0
ng m~),"" Riverside, CA (~12.8 ng m~),>” and Mexico City,
Mexico (~14.7 ng m~3).%

Kleindienst et al. (2007) measured the fraction of DHOPA
in the chamber derived toluene SOA under high-NO,
conditions as 0.0040 + 0.0013. This value, although has
been commonly applied for the estimation of toluene SOA in
the ambient air, is subject to major uncertainties associated
with environmental factors that could impact the gas-phase
formation pathways and gas-particle partitioning of DHOPA.
The average NO level during the field campaign is 2.5 + 2.8
ppb (>1 ppb), and the ratio of VOCs to NO, (VOCs/NO,,
ppbC/ppb) is 7.7 + 4.4 (<10). Under such conditions, RO,
radicals predominantly react with NO, consistent with the
chemistry occurring under high NO, conditions created in
chamber studies. It is therefore reasonable to assume that the
chemical pathways leading to DHOPA in chamber experi-
ments are representative of the DHOPA production chemistry
in the ambient air in Shanghai. To account for the effect of gas-
particle partitioning on the observed mass fraction of DHOPA
in the particle phase, we apply a five-bin Volatility Basis Set®!
to represent the observed toluene SOA masses in Kleindienst
et al. (2007):

(7)

toluene + OH- — a-tracer

s
toluene + OH- — Z BP
i=1

(8)

DOI: 10.1021/acs.est.9b00651
Environ. Sci. Technol. 2019, 53, 8664—8671


http://www.arl.noaa.gov/ready/hysplit4.html
http://www.arl.noaa.gov/ready/hysplit4.html
http://www.meteothinker.com/TrajStatProduct.aspx
http://www.meteothinker.com/TrajStatProduct.aspx
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.est.9b00651/suppl_file/es9b00651_si_001.pdf
http://dx.doi.org/10.1021/acs.est.9b00651

Environmental Science & Technology

where a is the mass-based stoichiometric yield of the tracer
and f; is the mass yield of volatility bin P; and its value is given
in SI Table S4. The fraction of the tracer in the particle phase
(fsoa) is thereby expressed as

Atol~a-Fpt
3
Atol: Zi:l BBy, 9)

where Atol is the amount of toluene oxidized by OH, F,, is
ratio of the particle-phase concentration of the tracer to its
total concentration (sum of gas and particle), and Fp, is the
ratio of the particle-phase concentration of the volatility bin P;
to its total concentration (sum of gas and particle). F; and Fy,
can be calculated assuming equilibrium partitioning:

1 -1 C* -1
Fp=(l+7] :(1+—"]
kom X Con Coa (10)

where k,, is the partitioning coefficient of the tracer calculated
by the equation described in Zhao et al.(2013)°* and C;* is the
saturation concentration of the volatility bin P;, and Cg, is the
total concentration of SOA formed. Substituting the measure-
ments of fgo, and Cgp, in Kleindienst et al. (2007) yields the
value of a, which is found to be a linear function of the total
SOA concentrations (SI Figure S9), indicating that the
production of tracer depends on the overall OH exposure.
Here we use the a value of 0.028 to estimate the toluene
derived SOA concentration in the ambient (SOA_,):
tracer,, Z
a

N
!

i=1

fSOA -

SOA

am

1
SOA,, = S+
SOA,, + C; ko X SOA,,

(11)
where tracer,,, is the measured concentrations of the tracer
produced from toluene photochemistry, see calculation details
given in the SI (Appendix 2 Background Calculation).

The estimated daytime toluene SOA concentrations (Table

1) are 2.3 + 1.2 ug m~> and 2.3 + 0.9 g m™>, respectively, and

Table 1. Daytime Concentrations of the Measured Toluene
SOA Tracer and Estimated Toluene SOA Using Updated
Tracer-Based Method

daytime 2,3-dihydroxy-4-oxopentanoic toluene SOA

site (month/day) acid(ng m™) (ug m™)
XH 8/4 5.6 4.3

8/5 1.7 23

8/6 0.9 1.7

8/7 0.3 1.0
QP 8/4 3.9 3.6

8/5 2.5 2.8

8/6 0.8 1.6

8/7 0.5 13

explain 30.7% and 34.3%, respectively, of the total SOA at Site
XH and QP. The fraction of the tracer DHOPA in the particle
phase (fsopum= 0.00063 % 0.00028, 0.00029—0.00112) is ~6
times lower than those derived from chamber measurements
(0.0040 + 0.0013), implying that results from chamber
experiments with high aerosol mass loadings that favor the
gas-particle conversion of semivolatile oxidation products may
not be adequately representative of the SOA formation
processes in the ambient air. The traditional tracer-based
method that assumes a constant fgo, factor likely yields a
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lower limit of the estimated toluene SOA under atmospheric
relevant conditions.

3.3. Comparison of the Estimated Toluene SOA by
the Two Methods. A comparison of the estimated toluene
SOA concentration by the parametrization method with the
tracer-based method is given in Figure 2. Uncertainties

6 SOA,=23+1.1
| SOA,=18%1.1

. 3
Parameterization method (ugm )

0 — T T T T T
0 1 2 3 4 5 , 6
Tracer-based method (ug m ")

Figure 2. Estimated toluene SOA mass by the parametrization
method (SOApar) vs the tracer-based method (SOA,,,).

associated with the estimates, that is, 46.5% and 32.5%,
respectively, are described in detail in the SI. A positive
correlation (r* = 0.86) is observed between the two methods
with a slope of 0.91, and the tracer-based estimates are higher
by 32.8% compared with those derived from the para-
metrization method. Such an agreement between two
independent approaches provides further field evidence for
the recently discovered (semi)-solid state of toluene SOA.SH
For the parametrization method, the vapor wall loss correction
factor was derived by treating the gas-particle partitioning as a
kinetically limited process, that is, the time scale for surface
accommodation and bulk-phase diffusion is slow, leading to
intensive loss of SOA-formation vapors on the wall. It is worth
noting, however, that equilibrium portioning is assumed when
estimating the SOA production from all other VOCs, which
likely leads to an under-correction of the vapor wall loss
impact. As a result, the estimated contribution of toluene SOA
to the overall SOA mass represents an upper bound compared
with historical data. As with the tracer-based method, chamber
derived toluene SOA was represented by the recent VBS
parametrizations, where the molar fraction of low volatility
products (C* = 0 ug m™>) is a major particle-phase
component, leading to the (semi)-solid state of the SOA
mixture. Such research suggests the need to improve the SOA
prediction capability by current chemical transport models
with recent laboratory advances.
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