Responses to reviewer 3

This is an interesting study, with a focus on the measurement uncertainties of particulate
water-soluble organic molecular markers (WSOMMs) during air sampling. It provides
important technical details of the adsorption of many gaseous WSOMMs on filters.
Such information offers guidance for future filed measurement of WSOMMs. The
paper is generally well-written. That being said, a few major concerns need to be
addressed.

Response:
Thanks for the reviewer’s comments. We will address these points one by one.
Major comments

(1) Many WSOMMs were investigated in this study, including isoprene SOA tracers,
dicarboxylic acid, biomass burning tracers, etc. It is known that many factors including
vapor pressure, humidity, and sampling flow rate would impact the adsorption of
WSOMMs. However, a fundamental understanding of the adsorption mechanism is
lacking.

Factor 1, vapor pressure. The author already have the concentrations of many
WSOMMs in different filter. The WSOMMs can be classified into two groups: low-
volatility and high-volatility compound. Then a comprehensive vapor pressure analysis
can be done to illustrate the impact of vapor pressure on WSOMMs adsorption.

Factor 2, humidity. What is impact of RH on WSOMMs with different structures (polar
vs. non-polar compounds)? As the authors have already mentioned in the paper, the
coated (NH4)2S04 on Qbb can absorb water vapor and act as an acid to promote the
hydrolysis of IEPOX on filters to form 2-MTs. This suggests that RH can also impact
surface heterogeneous reactions. For a given WSOMM, did you observe different
behaviors at different RH?

Factor 3, sampling flow rate. It would be valuable to know the impact of sampling flow
rate, this can provide guidance for future sampling activity. More studies are also
needed to address this issue, i.e., comparing the adsorption behaviors at low-flow rate
and high-flow rate conditions.

Response:

As noted in our response to the first reviewer’s fifth comment, based on collocated
sampling of ambient air using three-layer quartz filters, the primary goal of this work
is to evaluate the measurement uncertainty of particulate WSOMMs, illustrate the
adsorption of gaseous WSOMMs or their precursors on filter media (positive sampling

1



artifact), and demonstrate that the presence of some WSOMMs on backup filters is
caused by the reactive uptake of precursors rather than physical adsorption. Vapor
pressure, relative humidity, and sampling flow rate are well-known factors affecting the
physical adsorption of bulk OC and non-polar organic compounds (e.g., n-alkanes and
PAHs; McDow and Huntzicker, 1990; Pankow, 1992; Xie et al., 2013; Xie et al., 2014a).
However, the presence of WSOMMs, particularly secondary products of isoprene, on
backup filters (Q» and Qpp) is not likely caused by their adsorption in the gas phase.

As discussed in Section 3.3 (pages 16 — 17, lines 392 — 420), the mean
concentrations of 2-methyltetrols (2-MTs) and Cs-alkene triols (Cs-ATs) in (NH4)2SO4-
treated Qs samples from Sampler 1 were 3.34 + 2.64 ng m~ and 3.92 + 3.25 ng m™>,
respectively, which were 2.83 and 22.1 times higher than those in untreated Qx, samples
from Sampler II. According to previous studies, (NH4)>SO4 can act as an acid to
promote the hydrolysis of IEPOX to form 2-MTs and Cs-ATs or react with gaseous
IEPOX as a nucleophile to form organosulfate esters and oligomeric forms of 2-MTs
and Cs-ATs (Surratt et al., 2006; Surratt et al., 2010). During the derivatization process
of sample analysis, the organosulfate and oligomeric forms of 2-MTs and Cs-ATs can
be converted to their monomeric forms by excess BSTFA (Lin et al., 2013; Xie et al.,
2014b); the conventional GC/EI-MS method also overestimates the concentrations of
2-MTs and Cs-ATs due to the thermal decomposition of less volatile oligomers and
organosulfates (Lopez et al., 2016; Cui et al., 2018). In addition, Q, and untreated Qs
samples from Sampler II also contain a certain amount of inorganic sulfate due to
heterogeneous reactions of SO, (Pierson et al., 1980; Cheng et al., 2012), which are
favored by the reactive uptake of IEPOX. Therefore, 2-MTs and Cs-ATs detected in the
Qp and Qpp samples from both Sampler I and II were likely generated by heterogeneous
reactions of gaseous IEPOX on quartz filter surfaces rather than by direct adsorption of
gaseous molecules. Because reactive uptake can significantly increase the adsorption
of gaseous WSOMMs or their precursors, we propose developing chemically treated
adsorbents for sampling in future studies.

The effects of vapor pressure, humidity, and sampling flow rate on adsorption are
outside the scope of this work and cannot be comprehensively explained due to the
limited sample size. We have tentatively added some discussion on the relationships
between the fractions of adsorbed WSOMM s in Q, and Qps» samples from Sampler 11
(4% =1 - F%) and possible impacting factors, including temperature, relative humidity,
OC concentration, and vapor pressure of individual WSOMMs. McDow and
Huntzicker (1990) found that the amount of adsorbed OC decreased significantly with
increasing filter face velocity. In this work and our previous study by Qin et al. (2021),
the same samplers were used with a fixed face velocity of 25.3 cm s~!. Thus, the impact
of filter face velocity was not discussed.

“According to the equilibrium G-P partitioning theory, a greater fraction of SVOCs
exists in the gas phase when temperature rises (Pankow, 1994a, 1994b), as the vapor
pressure of SVOCs increases exponentially with temperature. More adsorption sites on
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filter surfaces can be blocked by H>,O molecules with increased RH, leading to lower
adsorption of SVOCs (Pankow et al., 1993). Since absorption by particulate organic
matter (OM) is an important G-P partitioning mechanism for ambient SVOCs (Liang
and Pankow, 1996; Liang et al., 1997), increased OC concentrations might correspond
to higher particle-phase fractions of SVOCs. However, the 4% values of isoprene SOA
tracers and dicarboxylic acids show little dependence on temperature, RH, and OC
concentrations (Figures S4-S6), indicating more complex mechanisms for the
adsorption of WSOMMs than for non-polar SVOCs (e.g., n-alkanes and PAHs). For
example, due to the hygroscopicity of WSOMMs, water molecules attached to filter
surfaces can promote gaseous adsorption. Dissolution in aerosol liquid water is more
important than absorption by particulate OM for the equilibrium between particle- and
gas-phase WSOMMs (Kampf et al., 2013; Isaacman et al., 2016; Shen et al., 2018; Qin
et al., 2021). Although the mean 4% values of dicarboxylic acids increased with their
subcooled liquid vapor pressure (p>'1; Figure S7), this dependence was not observed
when isoprene SOA tracers were included, which is assumed to result from their
formation through heterogeneous reactions on filter surfaces.” (pages 14 — 15, lines 341
—360)
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Figure S4. Linear regressions between 4% of individual WSOMMs and temperature.
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Figure SS5. Linear regressions between 4% of individual WSOMMs and relative
humidity (RH, %).
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Figure S6. Linear regressions between 4% of individual WSOMMs and OC
concentrations.
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Figure S7. Changes of mean 4% with the vapor pressure of individual WSOMMs. The
p°'L data are obtained from Booth et al. (2010), Nguyen et al. (2011), and Qin et al.
(2021).

Minor comments

4. Twenty-four pairs of samples were used for analysis. The sample number is relatively
small.

Response:

As noted in our response to the first reviewer’s third comment, in this study,
twenty-four pairs of three-layered filter samples were collected using two collocated
samplers, resulting in a total of 144 samples. The top filters loaded with PM2 5 (Qy) from
the two samplers (24 pairs) were used to estimate the measurement uncertainty of
particulate WSOMMs, but not to represent their levels for the entire summer or year.
As shown in Table 1 and Figures 2 and S1, all species showed similar mean
concentrations between paired Qy samples with no significant difference (p = 0.55 —
0.96), and the uncertainty of particulate WSOMMs derived from collocated sampling
and analysis was reported for the first time. These results are useful for future modeling
and field studies on the atmospheric transport, transformation, and source
apportionment of water-soluble organic aerosols. Although the sample size is not large,
the relative uncertainty values of WSOMMs (5.89% — 19.9%) were comparable to those
of PM2 5 bulk components (5.28% — 23.7%; Yang et al., 2021) and non-polar OMMs
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(12.4% — 27.7%; Feng et al., 2026) derived from collocated sampling and analysis for
a whole year at the same sampling site.

Similarly, the paired Qp, (24 pairs) and Qps» (24 pairs) samples were used to
demonstrate the adsorption of gaseous WSOMMs or their precursors to the filter media
and to evaluate the adsorption mechanism, but not to represent the level of positive
sampling artifact in summer or throughout the year. Based on comparisons of
measurement results between paired samples, we developed a new method to correct
for the adsorption of gaseous WSOMMs on PM-loaded filter samples. It was inferred
that (NH4)2SO4 on quartz filters can promote the heterogeneous formation of isoprene
SOA products by reactive uptake of isoprene epoxydiols (IEPOX), and KOH can
increase the adsorption of gaseous organic acids on quartz filters by neutralization
reactions. Due to the influence of surface reactions, WSOMMs detected in Qp and Qup
associated with SOA sources may not indicate their existence in the gas phase, which
differs from the adsorption mechanisms reported for non-polar organic components
(e.g., polycyclic aromatic hydrocarbons) in previous studies (Mader and Pankow, 2002;
Xie et al., 2014a). The development of the correction method and the identification of
the potential adsorption mechanism for WSOMMs are not dependent on sample size.
Therefore, the sample size of this study did not affect the validity of our major
conclusions.

5. For the treated filters, what are remaining concentrations of (NH4)2SO4 and KOH
on different filters? The amount of (NH4)2SO4 and KOH on filters will significantly
impact the adsorption behavior of certain WSOMMs.

Response:

As noted in our responses to previous comments, the comparison between
chemically treated and untreated Qu» samples is to show that the presence of some
WSOMMs on backup filters results from the reactive uptake of precursors rather than
physical adsorption. The results in Tables 3 and 4 indicate that (NH4)2SO4 on quartz
filters can promote the heterogeneous formation of isoprene SOA products through the
reactive uptake of isoprene epoxydiols (IEPOX), and that KOH can increase the
adsorption of gaseous organic acids on quartz filters via neutralization reactions.
Because reactive uptake can significantly increase the adsorption of gaseous WSOMMs
or their precursors, we propose developing chemically treated adsorbents for sampling
in future studies.

Due to the influence of surface reactions, WSOMMs detected in Qp and Qs
associated with SOA sources may not indicate their presence in the gas phase. As such,
the comparison between chemically treated and untreated Qs» samples is not intended
to establish a relationship between the concentrations of (NH4)>SO4 and KOH on filters
and adsorbed WSOMMs.

(NH4)2SO4 and KOH may not be evenly distributed on filters after soaking in
solution and drying at 120°C. Additionally, the filter samples were folded in aluminum
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foil after sampling to prevent the loss of collected substances, which also affected the
distribution of (NH4)2SO4 and KOH on the filters. Thus, measuring the concentrations
of (NH4)>SO4 and KOH in an aliquot of treated filters may not reflect their levels in the
aliquots used for WSOMMs analysis.

Because measuring (NH4)>SO4 and KOH in treated filters is neither necessary nor
appropriate for this study design, we did not measure their concentrations in treated
filters.
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