Atmos. Chem. Phys. Discuss., 11, C3619-C3632, 2011 _m

www.atmos-chem-phys-discuss.net/11/C3619/2011/ Chemistry
© Author(s) 2011. This work is distributed under G and Physics
the Creative Commons Attribute 3.0 License. Discussions

Interactive comment on “Characterization and
source apportionment of submicron aerosol with
aerosol mass spectrometer during the PRIDE-PRD
2006 campaign” by R. Xiao et al.

R. Xiao et al.
yhzhang@pku.edu.cn
Received and published: 20 May 2011

Response to Reviewer #1’s Comments:

Comment #1a: It is noted that compared to SV-OOA, LV-OOA is more oxygenated and
more aged and that SV-OOA evolves to LV-OOA. What is the evidence in this data that
LV-OOA is more regional in nature? It apparently is more water-soluble, consistent
with being more oxygenated and thus has a clear diurnal peak during daytime, but
how does that make it regional? Is this conclusion based solely on the correlation to
sulfate? As a background site in which local events have been removed from the data
set, what does regional mean? It is not clear to me what regional means in the context
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of this study.

Response to Comment #1a: The objective of this study is to characterize the air mass
in the PRD region. Back Garden site was chosen for this purpose as it is a rural
site in the PRD region of south China, which is located about 50 km northwest of the
Guangzhou urban center (Miyazaki et al., 2009). This site is surrounded by forest
(20 km2) and lake (about 2.7 km2) with much less population and insignificant vehic-
ular emissions (Hua et al., 2008). Occasionally this site could be impacted by some
biomass burning in the afternoon and cable burning in the evening. However, these lo-
cal events have been removed from the data analysis in this study. Therefore, the data
used in this analysis could represent the general characteristics of air mass in the PRD
region. The paper published in Science by Jimenez et al. (2009) stated that “LV-OOA
is likely regional and more aged OA while SV-OOA is likely less-photochemically aged
OA, but the relative contributions of the two OOA subtypes depend on both ambient
temperature and the extent of photochemical transformation”. We found from our study
that LV-OOA contains more m/z 44 than SV-OOA (13.5% compared to 8.5%), suggest-
ing LV-OOA is more aged. We intend to cite their work to support our finding that
LV-OOA is more aged. To avoid confusion, we revised this statement as follows: “LV-
OOA is more aged OA while SV-OO0A is likely less-photochemically aged OA, but the
relative contributions of the two OOA subtypes depend on both ambient temperature
and the extent of photochemical transformation (Jimenez et al., 2009).”

Comment #1b: Along this line, some clarification is needed regarding the aging of the
aerosol (Page 1904 and 1905, eg 1904 line 23 - 24). Are the authors suggesting that
SV-OO0A evolves with minimal mass increase into LV-OOA? This is my impression. It
is not clear that the data shows that. For example, why does LV-OOA peak during the
day? If no mass of SOA is being formed during this time, then one would conclude
that changes in the concentration of LV-OOA are just due to changes in air mass age
(ie, just recording the passage of different aged air masses). Why not make a plot
similar to Miyazaki et al., JGR 2009 Fig 9, that shows changes in SV- and LV-OOA with
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photochemical age, his could be very insightful and it seem much of the analysis (eg,
data segregation) has been done.

Response to Comment #1b:

It has been shown in the MILAGRO campaign that SV-OOA evolving into LV-OOA is
one of the major pathways of LV-OOA formation (DeCarlo et al., 2008). However,
there are other possible pathways as well. For example, LV-OOA could be formed by
1) the oxidation of VOCs followed by condensation on existing particles and/or formed
through nucleation process (Zhang et al., 2004)and 2) the passage of different aged air
masses through transport (Sun et al., 2010). Figure 11 shows that LV-OOA dominates
OOA, which increases during daytime while SV-OOA stays low. LV-OOA increased
from 4.0 ug m-3 at 10:00 LT to 7.1 ug m-3 at 16:00 LT. It is more likely that in this study
the increased LV-OOA was a combination of the above three formation mechanisms.
As we intend to focus on the source apportionment of submicron organic aerosol in
the PRD region in this study, future study would involve a quantitative estimate of their
relative contribution

Comment #2: It was not clear how these results fit in with the early publication by the
same authors (Miyazaki et al., JGR 2009). le, how does LV- and SV-OOA relate to
HULIS? This is an interesting aspect of the data set and more analysis or discussion
should be added, if possible (no one else has this kind of data!). The issue relates to
hydrophilic WSOC (WSOC-hpi) and hydrophobic WSOC (WSOC-hpo) versus SV-OOA
and LV-OOA. Here is what | found puzzling about the results presented.

Based on the correlation analysis near the end of the paper, it appears that the authors
believe LV-OOA is mostly related to WSOC-hpi since the r2 is 0.71. There is a low
correlation between SV-OOA and WSOC-hpo, so it is not clear what SV-OOA is asso-
ciated with. (Maybe SV-OOA is associated with both and so combined with the obser-
vation that only 65% is water-soluble, the r2 is low for both SV-OOA to WSOC-hpi and
SV-OO0A to WSOC-hpo). It would be nice to know what the correlation was between
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WSOC-hpo and LV-OOA. (Note, it would be most informative to include WSOC-hpi and
WSOC-hpo in the regression Table 3). The authors also argue that LV-OOA is more
aged as it has a spectra similar that of fulvic acid. This seems contradictory since
one may expect fulvic acid (or HULIS) to be correlated with WSOC-hpo since the solid
phase resin (XAD-8 or DAX-8) used to isolate fulvic acid is the same used to quantify
WSOC-hpo (see Miyazaki et al., JGR 2009). Maybe the difference is that fulvic acid
is isolated from natural surface water. Without knowing all the correlations between,
LV-OOA, SV-O0A, WSOC-hpi, and WSOC-hpo, it is hard to come to a conclusion, but
| suggest the authors make an attempt. One guess is that it may be that each of LV-
OOA and SV-OOA have components of both WSOC-hpi and WSOC-hpo, that would
be interesting.

Response to Comment #2: Based on the reviewer’s suggestion, we make the following
plots to show all the correlations between, LV-OOA, SV-OOA, WSOC-hpi, and WSOC-
hpo. It can be seen that LV-OOA correlates with both WSOC-hpi (r2 as 0.71) and
WSOC-hpo (r2 as 0.49). As the spectra of LV-OOA is similar to that of fulvic acid and
the solid phase resin used to isolate fulvic acid is the same as that to quantify WSOC-
hpo, LV-OOA does show correlation with WSOChpo though its correlation coefficient
is lower than WSOChpi. Therefore, it is not contradictory. We have added these two
plots below in the revised manuscript (Figure 17). However, it is apparent that SV-OOA
is not associated with both (WSOC-hpi, and WSOC-hpo).

Scatter plots of WSOChpi, WSOChpo versus LV-OOA, SV-0OO0A.

Comment #3: It would be very interesting if the authors could explore the possible
roles of cloud chemistry versus clear air. Interesting data is shown that sulfate and the
OOA is bimodal suggesting these two formation routes were occurring. Can this be
expanded? For example can the size distributions of SV-OOA and LV-OOA be deter-
mined in any way? Can any tracer be used for droplet and condensation modes and
then correlations between SV-OOA, LV-OOA, WSOC-hpi, and WSOC-hpo explored?
Maybe this could be done by looking at the air mass origins, comparing LV-OOA/OOA
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and SV-OOA/OOA for southeast-south air masses versus southwest and north (the for-
mer are biomodal, the latter are not). | raise this issue since there is some speculation
that LV-OOA is more likely cloud processed.

Response to Comment #3: The size distributions of SV-OOA or LV-OOA are not avail-
able in this analysis. SV-OOA and LV-OOA components are resolved from PMF analy-
sis of AMS data. AMS original data contain size distribution information, but all data are
pooled together in the PMF analysis to obtain robust statistical results. As the chemical
components from AMS analysis in this paper include major components such as am-
monium, nitrate, sulfate, chloride, organics (see Table 2), therefore, size distributions
of specific tracers are not available as well.

Specific Questions:
Comment #4: Page 1893 line 4, change “summer reason” to “summer season”.
Response to Comment #4: This change has been made in the revised manuscript.

Comment #5: Page 1896, lines 20 to 22. If you are going to refer to other data collected
during this study, but not discussed in this paper, can references to publications be
provided?

Response to Comment #5: On Page 1896, we have changed the following sentence
“Specific measurements at the BG site included the study of chemical composition, size
distribution, hygroscopic properties and optical properties of aerosol, various gaseous
pollutants, and oxidants (e.g. hydroxyl radicals, hydrogen peroxide).”

to

“Specific measurements at the BG site included the study of chemical composition
and size distribution (Yue et al., 2010), hygroscopic properties (Rose et al., 2010) and
optical properties of aerosol (Garland et al., 2008), various gaseous pollutants (Li et
al., 2010; Shao et al., 2011), and oxidants (e.g. hydroxyl radicals, hydrogen peroxide)
(Hofzumahaus et al., 2009; Hua et al., 2008; Lou et al., 2010).”
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Comment #6: Pg 1897 line 9, Not sure what is meant by an inlet T of 40C. Is this
heated sample line external to the AMS? Apparently this was done to dry the particles.
What about loss of semi volatile species (eg nitrate SV-OOA)?

Response to Comment #6: Yes, it means that the temperature of the sample line exter-
nal to the AMS is 40 oC. As the residence time of the sampled air in the heated sample
line is ~1.5 s, here we assume that evaporation of particulate materials is insignificant
at this short residence time.

Comment #7: Pg 1899, lines 15 and so on throughout the paper. Be careful, compar-
isons are being made to what was measured by an AMS, not necessarily the same
thing as the total submicron aerosol mass.

Response to Comment #7: We have already changed “total submicron mass” to “the
sum of sulfate, ammonium, nitrate, chloride and organics” on page 1899.

Comment #8: Eq 1, (lognormal distribution) is missing a square bracket at the end.
Response to Comment #8: We added a square bracket “]” at the end.

Comment #9: In Fig 4 and text, these units are commonly written as micro equivalence
per m3.

Response to Comment #9: These units have been changed in the revised manuscript.

Comment #10: Pg 1900 and 1901: | suggest referring to this as apparent acidity, you
are not measuring H+, or pH, but only roughly estimating acidity indirectly assuming
the only missing component from the ion balance is H+.

Response to Comment #10: “particle acidity” has been changed to “apparent acidity”
(Lines 14, 18, 25 on Page 1900 in the original manuscript).

Comment #11: Page 1901, line 7 and Fig 5, is local time and Beijing time the same?
Response to Comment #11: Yes, local time and Beijing time are the same.
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The following changes have been made (lines and page refer to those in the original
manuscript): Page 1901 line 7: When “local time (LT)” first appear, we clarify it as “local
time (LT, Beijing time)”.

Comment #12: Page 1902 and 1903 discussion of Fig 8. | understand the how SOA
(eg, m/z 44) can be in the smaller and larger modes of fig 8, but POA (m/z 57) also
has a significant fraction in the larger mode (eg, 0.08/(0.08+0.14)=36%). How is that
explained?

Response to Comment #12: It is true that certain fraction of POA in this study is found in
the large mode. m/z 57 is a marker of hydrocarbon-like aerosol (Takegawa et al., 2009),
which is often used as an indicator of the primary combustion-related emissions. For
example, Takegawa et al (2009) showed in their Figure 5c that the size distributions of
m/z 43 (similar to m/z 57 with R2=0.72) during a large enhancement event in the early
morning (0410-0650 LT) and during the daytime (1000—1800 LT). The size distribution
of m/z 43 during this event showed bimodal peaks at Dva ~200 nm and ~500 nm.
The presence of small-mode particles indicates that the aerosols were relatively fresh,
because the contributions of small-mode particles tend to decrease in aged air [e.g.,
Alfarra et al., 2004]. Conversely, the monomodal size distribution of m/z 43 during
the daytime suggests that the air masses were not largely affected by local emission
sources. In our case, the large mode of m/z 57 may indicate the air mass we sampled
was relatively aged. The manuscript has been modified accordingly.

A figure in Takegawa et al., 2009 (Figure 5c).

Comment #13: Page 1905 line 17, if LV-OOA is regional why does it have a clear
diurnal profile with maximum during the day, in stark contrast to SV-OOA? | would
interpret this that LV-OOA is more closely linked to photochemistry compared to SV-
OOA, which may be more closely linked to primary emissions. This is consistent with
SV-OOA being roughly 40% non-water soluble species.

Response to Comment #13: we agree with the reviewer that the clear diurnal profile
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suggests that LV-OOA is more linked to photochemistry relative to SV-OOA. Accord-
ing to this comment, we have made a change as shown in Response to Comment
#1a, and: at Page 1905 line 22: We changed “0.5 ug m-3 h-1. The mass concentra-
tion of...” to “0.5 ug m-3 h-1. LV-OOA is closely linked to photochemistry. The mass
concentration of ...”

Comment #14: Page 1906 line 9, how was the number 1.1 = POC/EC determined?

Response to Comment #14: The data between 01:00-07:00 Beijing time of each day
were used to estimate the primary OC/EC ratio. The (m/z 44)/(m/z 57) ratios were
usually low and remained stable for these data points, indicating these periods were
dominated by primary emissions. A linear regression by least squares minimization
was fitted to these data points and its slope (1.1) represented the primary OC/EC ratio
in this study.

Comment #15: Page 1906 line 23, Can you give an example of oxygenated primary
species (biomass burning?).

Response to Comment #15: Examples include levoglucosan, syringol etc. which have
been found abundantly in fireplace source tests of woods in the southern United States
(Fine et al., 2002).

Comment #16: Page 1907 lines 22-23, change was very trace to was at trace levels
throughout the study period.

Response to Comment #16: “was very trace” has been changed to “was at trace levels
throughout the study period” in the revised manuscript.

Comment #17: Page 1908 line 19 to 20, | would put brackets around LV-OOA and
SV-OO0A (it looks like subtraction) in the WSOC fit equation.

Response to Comment #17: The equation has been changed from “WSOC=0.42-LV-
OOA + 0.38-SV-OO0A + 0.29" to “WSOC=0.42*(LV-OOA) + 0.38*(SV-OOA) + 0.29".
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Comment #18: Page 1909 line 1: Is it true (ie has it actually been measured by AMS or
other MS approach) that WSOC-hpi is more oxygenated (eg, higher O/C) than WSOC-
hpo?

Response to Comment #18: Actually this sentence is cited from Miyazaki et al., 2009.
Hydrophilic organic compounds are highly oxygenated, with low molecular weights,
typically with a number of carboxyl, carbonyl, or other groups per molecule. These
compounds tend to be highly soluble in water. Hydrophobic organic compounds tend
to be longer in carbon chain length, and less hygroscopic. However, based on our data,
O/C ratio for WSOC-hpi and WSOC-hpo cannot be directly determined.

Comment #19: Why in Fig 10 is LV-OOA + SV-OOA plotted with the sum of sulfate and
nitrate? Wouldn't it be better to plot just OOA, | assume that LV-OOA and SV-OOA
must be fairly close to OOA.

Response to Comment #19: we define OOA as “O0A=LV-OOA + SV-OOA”, please
see page 1905 line 1.

Comment #20: Fig 13, This figure could be made more informative by also showing
the subdivision of OOA into SV- and LV-OOA.

Response to Comment #20: We have modified Fig. 13 based on the reviewer’s sug-
gestion.
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Fig. 1. Scatter plots of WSOChpi, WSOChpo versus LV-OOA, SV-OO0A.
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Fig. 2. A figure in Takegawa et al., 2009 (Figure 5c).
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