Reply to Referees

We gratefully thank the reviewers for their helpful comments to improve the quality of our manuscript. Reviewers’
comments are in black. Our point-to-point replies marked by “R” are in blue. Changes to the manuscript text are

in green.
Referee #1 comments:

General comments:

The present work conducted a 6 week measurement of particle chemical composition combining LAAPToF and
AMS technique at a rural site of southwest Germany. Also the regional transport model COSMO-ART was used
to investigate particle sources as well as their transport pattern. The combination of measurement and model can
better understand the particle sources and regional transport. The results are straightforward and useful, but some
clarification and minor changes are still needed for this manuscript. | suggest a minor revision for this manuscript
before publication.

Specific comments:

1. Line 18: It’s a little confusing with the statement: sodium salts accounted for 36%, but organics, sulfate, nitrate,
and ammonium accounted for 58%, 22%, 10%, and 9% (sum up 99%). | believe that the total mass the authors
used for AMS is the sum of org and SNA. While LAAPToF measures not only non-refractory particles. It seems
these results cannot be closure, especially for some readers who are not very familiar with these two instruments.
Anyway, some clarification is needed to avoid misunderstanding these results.

R: Yes, the total mass used for AMS is the sum of organics and SNA, as well as chloride. In contrast, the total
mass determined by LAAPTOF is the sum of 7 particle types. We have revised this sentence for clarification, as
follows:

“For the entire measurement period, the total aerosol particle mass was dominated by sodium salts contributing
on average (36 = 27) % to the total single particle mass measured by the LAAPTOF. The total particulate organic
compounds, sulfate, nitrate, and ammonium contributed on average (58 + 12) %, (22 = 7) %, (10 £ 1) %, and (9

+ 3) % to the total non-refractory particle mass measured by the AMS.”

2. Line 123: Do AMS use PM2.5 lenses?

R: AMS and LAAPTOF are both are equipped with PM2.5 aerodynamic inlet lenses.
3. Line 121: It’s no need for this too many references here.

R: We have removed some references here. The revised sentence is as follows:

“The LAAPTOF is a commercially available single particle mass spectrometer and has been well described in

recent publications (Gemayel et al., 2016; Marsden et al., 2016; Ramisetty et al., 2018; Shen et al., 2018).”

4. Line195: Since the MS discussed long-range transport, | suggest discussing more about secondary aerosols as

well.

R: The long-range transport we discuss is related to a unique episode where the sodium salts accounted for (70 +
24) % of the total mass of the single particles measured by the LAAPTOF. In addition, the mass concentrations
of organics and secondary inorganics (ammonium, sulfate, and nitrate) measured by the AMS were at the lowest

level compared to the other periods during the entire measurement campaign. During the long-range transport
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episode secondary species mainly formed on the sodium salt particles e.g. NaNOs. This is discussed regarding

sub-classes and the sea salt aging process in section 3.3 “Aged sea salt in central Europe”.

5. Line 188: | suggest to explain a little bit about the particle classes, not only show the names, because not all the

readers have read the paper (Shen et al. 2019)
R: We have added more explanations, as follows:

“In a previous publication (Shen et al., 2019), we could identify seven major particle classes at the measurement
site among ~3.7 x 10° single particles with sizes between 200 nm and 2.5 um dy,. In brief, Class 1 are calcium-
rich and soil-dust-like particles (calcium-soil) with marker peaks at m/z 40 Ca*, 56 CaO", 57 CaOH", 75 CaCl",
96 Ca,O", and 112 (CaO),". This particle class shows a good correlation (Pearson’s correlation coefficient y > 0.6)
with the laboratory derived reference spectra of soil dust particles. Class 2 are aged-soot-like particles (aged soot)
with characteristic C,* patterns and are mixed with sulfate and nitrate. Class 3 are sodium-salt-like particles
(sodium salts) with marker peaks at m/z 23 Na*, 81/83 NaCl*, 139/141 NasCly", 165 Na3SO4", 35/37 CI, 93/95
NaCl,, 115 Na(NO)>, 131 NaNO,NOs, and 147 Na(NOs),". Class 4 are “Secondary inorganic—amine” particles
with prominent ammonium, nitrate and sulfate markers, as well as amine marker peaks at m/z 58 C;HsNHCH,",
59 (CH3)sN*, 86 (C,Hs),NCH,", 88 (C,Hs),NO/C3H¢NO,", and 118 (C;Hs)NCH;". Class 5, aged-biomass-
burning and soil-dust like particles (biomass burning—soil), has aged biomass burning marker peaks at m/z 39 K*,
213 K3S047, 46 NOy, 62 NOs3, 97 HSOy, and peaks related to aromatic compounds (50 C4H", 63 CsHs", 77
C¢Hs", 85 C;H™, 91 C7H7, 95 C7Hyi", 104 CgHyg", 115 CoH7"). Furthermore, class 5 shows a strong correlation
with reference spectra of soil dust particles. The representative spectra of class 6, aged-biomass-burning and
organosulfate-containing particles (biomass burning—organosulfate), also features aged biomass burning particles
and has organosulfates marker peaks at m/z 141 C,HsOSOy, 155 C>H30,SOy, and 215 CsH;;0SOy4. Class 7
particles contain all the marker peaks from the other six classes and show a good correlation with the reference
spectra of mineral and soil dust particles, and are consequently labelled as “mixed/aged dust” (short for

mixed/aged and dust-like particles) ...”

6. Session 3.4.1 and 3.4.2: Because SOA is also an important component of fine particles, | suggest discussing
more about SOA. Besides, AMS-PMF can provide OOA (SOA). This could be considered in the discussion.

R: Thank you for your suggestion. We have done a PMF analysis, added more explanation in the introduction,
added one subsection in method part, added more discussion about SOA in section 3.1 and 3.4, put the
corresponding results in the supplement, and modified the conclusions accordingly. The corresponding changes

are listed as follows:
Abstract

“...Positive matrix factorization (PMF) analysis for the AMS data suggests that the total organic aerosol (OA)
consisted of five components, including (9 + 7) % hydrocarbon-like OA (HOA), (16 + 11) % semi-volatile
oxygenated OA (SV-OO0A), and (75 + 15) % low-volatility oxygenated OA (LV-OOA) ...”

Section 1 Introduction (3™ paragraph)

“...According to PMF analysis, the organic aerosol (OA) can be separated into e.g., hydrocarbon-like OA (HOA),
cooking-related OA (COA), nitrogen-enriched OA (NOA), biomass burning OA (BBOA), and semi-volatile
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oxygenated OA (SV-OOA), and low-volatility oxygenated OA (LV-OOA). This information hints to OA aging

and potential sources...”
Section 2.2 Mass spectrometer data analysis

“Single particle data were analysed by using the Igor LAAPTOF data analysis software (version 1.0.2, AeroMegt
GmbH). The corresponding basic procedures (e.g., mass calibration and fuzzy c-means clustering) and particle
mass quantification method have been described in detail in our previous studies (Shen et al., 2018 and 2019).
The AMS data analysis was done with the standard Igor software, including SQUIRREL (version 1.60C) and
PIKA (version 1.20C). To account for a particle bouncing effect, we applied a composition-dependent collection
efficiency (CE, the product of net particle transmission and detection efficiency) to the entire AMS dataset
(Canagaratna et al., 2007; Middlebrook et al., 2012). In order to investigate the potential sources for organic
aerosols, we have done positive matrix factorization (PMF) analysis for AMS high-resolution (HR) spectra of
organic compounds, by using the PMF Evaluation Tool (PET version 3.00D) (Ulbrich et al., 2009). Detailed
protocols were reported by Ulbrich et al. (2009) and (DeCarlo et al., 2010). In brief, the HR input matrices without
isotopes were created using PIKA. A five-factor-PMF solution with FPEAK=0 was chosen according to the
following criteria, including least residuals (unexplained data), Q/Qcyp = 1 (Q is the sum of the squares of the
scaled residuals; Qcxp is the expected Q), and distinguishable features (e.g., spectra and diurnal patterns) of the
components. It should be noted again that although fuzzy clustering and PMF analyses are commonly used
methods in source apportionment, they cannot provide the information of aerosols origin and the interaction

between aerosol transport and transformation processes, which can be studied with aerosol transport models.”

Section 3.1 Overview of the field observation (2" and last paragraph)

“...Given the AMS-PMF results shown in Fig. S4, five OA factors (components) were determined with
characteristic mass spectra and corresponding elemental ratios (O:C and H:C), and distinct temporal variations.
There were (9 + 7) % HOA, (16 + 11) % SV-OOA, and (75 £ 15) % LV-O0A, i.e., (16 + 15) % LV-OOA1, (37 +
17)% LV-O0A2, and (21 + 13) % LV-OOA3, contributing to the OA mass. The HOA and OOA are linked to
primary and secondary organic aerosol (POA and SOA), respectively (Ulbrich et al., 2009). Thus, the SOA
dominated the OA mass at this measurement site. Further descriptions of PMF results can be found in the

supplement (Fig. S4) and more discussions are given in section 3.4.2 especially regarding the organic compounds.

... Furthermore, we discuss another episode with relatively high organic mass concentrations to find out how
these mass loads could form and exist for a relatively long time period. Both episodes are easily recognized from
the time series of particles measured by LAAPTOF and the organic compounds measured by AMS (Fig. S2 and
Fig. 3; see also Fig. 4 in Shen et al, 2019), as well as the time series of OOA, in particular for SV-OOA, LV-OOA
and LV-OOA2 (Fig. S4) ...”

Section 3.4.2 Organic compounds (1% paragraph)

“The dominating OA components in this episode were LV-OOA1 (42 £ 15) % and LV-OOA2 (32 = 21) %, which
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are surrogates for more aged SOA (Zhang et al., 2011). It should be noted that LV-OOAL has strong correlation
with SV-OOA (y = 0.8), which is a surrogate for local (less-aged) SOA (Zhang et al., 2011). As shown in Fig. S4
(the insert in panel d), they are both peaking at a similar time during the night with broader peaks for LV-OOAI.
This indicates that the LV-OOA1 might have a similar origin as the SV-OOA (more related with local biogenic
sources). However, it can also be influenced by regional transport. For example, the first LV-OOA1 peak has two
sub-peaks: the first one appears during the night, e.g., related to NOs oxidation (strong correlation with y = 0.9
between LV-OOA1 and CHOIN family has been found here, refer to their time series in Fig. S4 b); and the second
sub-peak appears in the morning rush hour and corresponds to south and southwest wind directions, indicating
the potential transport from the urban and industrial area of Karlsruhe. The more oxidized LV-OOA?2 is peaking
during day-time and shows a negative correlation with SV-OOA (y = -0.5), possibly due to photochemical aging
of SV-OOA. Therefore, we conclude that the SOA measured in this study was likely due to both local formation

and regional transport.”

Section 4 Conclusion (2" and 4" paragraphs)

“...AMS-PMF results suggest the organic aerosols (OA) consisted of (9 £ 7) % HOA, (16 + 11) % SV-O0A, (75
+ 15) % LV-OOA with three sub-types (LV-OOA1, LV-OOA2, and LV-OOA3).

For the organics rich episode, the particulate organic compounds accounted for (77 + 6) % of total non-
refractory particle mass measured by the AMS. AMS-PMF analysis suggests the dominating OA components were
LV-OOA1 and LV-OOA2, contributing (42 + 15) % and (32 + 21) % to the total OA mass in this episode. LV-
OOA1 and LV-OOA2 had positive (y = 0.9) and negative (y = -0.5) correlation with SV-OOA, respectively,
indicating their local formation. In order to investigate origin of the aerosols and their transport and transformation

processes, we applied a regional transport model, COSMO-ART. ...”
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Supplement
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Figure S4: Five-factor-PMF solution with FPEAK=0 for organic compounds measured by AMS during the whole
measurement time. (a) Mass spectra of the five components, i.e., HOA, SV-O0A, LV-O0A1, LV-O0A2, and LV-OOA3.
(b) Time series of the five components mass concentrations (left Y-axis) and some related species (right Y-axis). (c)
Diurnal patterns of the five components. (d) Time series of the components with the same data as panel but stacked (b).
The percentages are their contributions to OA. Note that the total OA value showed here is lower than the input OA
for the PMF analysis. This is because the components identification might be interfered by extraneous variability,
arising from some causes such as instrumental issues. Such extraneous variability will lead to disproportionate effects
on the fitting outcome. Therefore, we need to downweight the corresponding variables in a proper way or even remove
them, resulting the lower output total OA value reconstructed by the components.

HOA is associated with POA, e.g., from urban emissions. In this study, the HOA (high H:C = 1.84 and low
O:C = 0.12, herein) has a similar trend as m/z 57 (major contribution from C4Ho) and NO: (not shown), with
Pearson’s correlation coefficients y = 0.5 and 0.4, respectively. SV-OOA (O:C = 0.32) shows a very strong
correlation with m/z 91 (mainly from C7H7) (y = 0.9) and CH family (y = 0.8). Three LV-OOA have prominent
marker peaks at m/z 28 and 44, and all have high O:C ratio (> 0.7), which indicates highly oxidized or aged OA.
LV-OOA1 shows strong correlations (y = 0.8 to 1) with CH, CHO1, CHOgt1, CHN, CHO1N, and CHOgt1N. LV-
OOA2 shows good correlations with CHOgtIN (y = 0.6). LV-OOA3 shows no good correlation with any ion
families, but a similar trend as sulfate (y = 0.5).

Similar elemental ratios for HOA, SV-OOA, and LV-OOA and their relationships with tracers such as HOA
with NOx and LV-OOA with secondary inorganics, have also been reported in previous AMS-PMF studies.
Readers may refer to a review paper by Zhang et al. (2011).



Reply to Referees

7. Session 4 conclusion: More implication should be provided, because this work presents a method of
combination of field measurement and model. Can this method be expanded to other places and time? Otherwise

this work is only a very local study.

R: Yes, this combination method can be expanded to other places and time. We have added more implications in

ours conclusion, as follows:
2" Jast paragraph

“...Such field-model comparisons and corresponding sensitivity tests are useful for targeting missing sources and
mechanisms in the current model and thus help its development. Such that model can be improved to become
better predictive, which is useful for e.g., legislation and implementation of policies against air pollution.
Consequently, model systems suitable for a reasonable environmental policy should be validated by

comprehensive field studies with state-of-the-art aerosol analytics and meteorological parameters.”
Last paragraph

“...0ur results show how close the physical and chemical nature of aerosols is related to emission sources,
transformation processes, and complex transport pattern. The method of combination of filed measurement and
model calculation in this study can be widely used in other places in the world, in order to investigate the origin
of aerosols and their interaction between transport and transformation. For example, in some pollution hot spots
like Po Valley, and some other places which are subject to both biogenic and anthropogenic emissions. Besides,

it is also not limited to the summer time that we studied...”
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Referee #2 comments:

This paper describes a six-week ground-based study of aerosol chemistry in the Rhine Valley, near Karlsruhe.
Both LAAPTOF and AMS were deployed and the field data is interpreted in conjunction with COSMO-ART
model. This paper is well written, and it is a valuable contribution to ACP. While the paper is somewhat closely
related to the author’s previous paper, I think that there is enough new material to merit publication. I have some

concerns about how AMS data is used, so I recommend some major revisions before publication.
Major comments:

1. There are some outstanding questions about source apportionment (for example, the biomass burning class
identified by LAAPTOF). I think running PMF analysis on AMS data would help answer those questions and
make the analysis more complete. There is certainly enough data to do so and it is an odd choice not to include

such analysis.

R: Thank you for your suggestion. We have done PMF analysis for organics data measured by the AMS, added
more explanation and discussion throughout the whole manuscript, and modified the conclusion as well. Please

refer to our reply to the 1% Referee comment #6.

In addition, we couldn’t identify biomass burning organic aerosols (BBOA) for the entire measurement period,

based on AMS-PMF results. We have added this point in the last second paragraph of section 3.1, as follows:

“... It should be noted that, there were no significant biomass burning organic aerosols (BBOA) identified by
PMF for the entire measurement period. The marker f60 (the mass fraction of m/z 60 to the total organics) of
BBOA being very close to the background fraction of 0.003 (Crippa et al., 2014; Cubison et al., 2011). In addition
to biomass burning, also other potential sources for potassium and sulfate rich particles detected by LAAPTOF
must be taken into consideration, such as coal combustion (Xu et al., 2018). Therefore, further analysis is required

to identify the different sources contributing to this particle class.”

2. To add on to the above, a unique feature of this study is that SPMS and AMS are deployed together. It would
be nice to see a bit more synergy in data analysis as well. Currently, it seems like the details focus on SPMS. For
example, for marine-influenced air masses, did high resolution AMS spectra show typical AMS marine markers,

such as MSA?

R: Thank you for your suggestion. We have added more synergy in data analysis regarding the marine influenced
air masses. In high resolution AMS spectra we have seen the peak at 78.99 CH3SO,+, which is reported to be the
marker for methanesulfonic acid (MSA) (Huang et al., 2015). Based on the method developed by Huang et al.
(2015), we have also estimated the MSA fraction and mass concentrations for the entire campaign and compare
them with sodium salts measured by the LAAPTOF. We have added the corresponding discussion and figure are

as follows:
Section 3.3 Aged sea salt in central Europe (last paragraph)

“Apart from that, in high resolution AMS spectra we have observed the peak at 78.99 CH3SO,", which is the
marker for methanesulfonic acid (MSA) from marine or coastal areas (Huang et al., 2015) although other sources
cannot be excluded (Daellenbach et al., 2017). Based on the method developed by Huang et al. (2015), we have

also estimated the MSA fraction (fusa, signal fraction of MSA to total org and sulfate) and mass concentrations
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for the entire campaign (refer to Fig. S12). It turns out that during the sodium chloride rich episode, the fusa is
enhanced compared to the other low sodium salts time period, such as organic rich episode. This also supports

that sodium salts particles measured by the LAAPTOF had sea salt origin.”

Supplement
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Figure S12: Time series of the estimated mass concentration of sodium salts particles measured by the LAAPTOF (a),
methanesulfonic acid (MSA) fraction to total organics and sulfate measured by the AMS (b) and MSA mass
concentration (c). The first (blue) and second (green) shaded areas mark the sodium chloride rich and organic rich
episodes, respectively.

The method used to estimate MSA fraction (fusa, signal fraction of MSA to total org and sulfate) and its mass
concentration can be referred to Huang et al. (2015). In brief, W-mode fusa is calculated and then used to multiply
V-mode mass concentration of organics and sulfate, resulting estimated MSA mass concentration. The

corresponding equations are as follows:

Loor = Icnzsoz (S2)
MSA ™ 9.79%
2 Ivsa (S3)
RIEvsa

f = T MSA
e ZIOrg + 21504
RIEOrg RIEgq,

Cmsa = fmsa X (Corg + Cso4) (S4)

where )} Iyysa is the total signal intensity of all MSA fragments measured in W-mode, which can be estimated
based on the fragmentation patterns determined from the laboratory experiments (Huang et al., 2015). It was
reported that the signal intensity of marker peak at m/z 78.99 (CH3SO:") accounted for (9.7 £+ 1.6) % of the total
signal intensity of all MSA fragments. ). [or and Y Iso4 are total signal intensity of organics and sulfate fragments
measured in W-mode, respectively. Relative ion efficiency of MSA (RIEysa=1.3) is the averaged value from
RIEqg (51.4) and RIEgp, (=1.2). Corg and Cgo4 are mass concentrations calculated from V-mode data. Cysp is

the estimated MSA mass concentration.
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Minor comments:

3. Page 4, line 118: “: : :deployment of a laser ablation aerosol particles time-of-flight mass spectrometer

(LAAPTOF; AeroMegt GmbH)” Pretty sure this should be “particle” instead of “particles”

R: Yes, we have revised it.

4. Page 5, line 138: Acronym TSP shows up for the first time and has not been defined.

R: We have replace Acronym TSP with the full name “total suspended particulates”

5. Page 6, line 180: “behaved anti-correlated” is an odd turn of the phrase. Would revise to “were anti-correlated”
R: We have revised it to “were anti-correlated”

6. Page 6, line 182: should this read “: : :for particles larger than 2.5 um measured in this study: : :” instead of 2.5

nm?

R: This particle number concentration was measured by CPC3776 (TSI Inc.) which has the cut off at 2.5 nm rather

than 2.5 pm. We have added this point to make it clear, as follows:

“The averaged particle number concentration of (1.2 & 0.8) x 10% cm™ for particles larger than 2.5 nm measured

by CPC3776 in this study”
7. For Figure 2 and associated discussion, are these averages over the entire campaign?

R: Yes. We have added “the data is averaged over the entire campaign” in the figure caption and discussion part

(the third paragraph of section 3.1).

8. Page 8, line 246: averaged -> average
R: We have revised it.

9. Page 8, line 248: organics -> organic
R: We have revised it.

10. Figure 4 caption: extend -> extent
R: We have revised it

11. In Figure S9, it is hard to tell visually that LAAPTOF m/z 129 and AMS organonitrate are correlated. There

are quite a few instances where they are not. Can you plot these against each other and give the R2?

R: We agree that it is hard to tell they are correlated. Due to complex laser desorption and ionization (LDI)
mechanisms, the resulting ion fragments usually do not have good correlation or direct clear relationship with the
results from quantitative instruments such as AMS. This is also the case for LAAPTOF m/z 129 and AMS
organonitrate. Specific relationships of LAAPTOF ion intensities and AMS mass concentrations for non-
refractory compounds were found based on specific calculation, such as the fraction of org/(org-+nitrate), reported
by our previous study (Shen et al., 2019). However, in this study, we aimed to confirm that the m/z 129 CsH;NO;+
signal is mainly due to organonitrates rather than the recombination of nitrate and organic fragments due to the

LDI matrix effect in single-particle MS. First, we found that during sodium chloride rich episode, organic mass
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concentration measured by the AMS was relatively low. However, at the end of this episode m/z 129 CsH7NOs+
relative intensity was obviously strong, which was comparable with that observed in high organic episode.
Furthermore, we referred to AMS results as well as CIMS results (Huang et al., 2019), both of which show high
organonitrate mass concentration at the similar time period as LAAPTOF m/z 129 shows high relative intensity

(as shown in the figured below). Therefore, we can conclude that m/z 129 CsH;7NOs+ was mainly contributed by

organonitrate.
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We have added more explanation in the last paragraph of section 3.3, as follows:

“... In the sodium chloride rich episode, in general m/z 129 CsH;NO;" has a similar trend as organonitrate mass
concentrations estimated by AMS results... AMS derived organonitrate mass concentrations are comparable with
the results of molecular analysis using FIGAERO-HR-ToF-CIMS...In addition, we found that in this episode,
organic mass concentration was lower than the other time periods. However, at the end of this episode m/z 129
CsH7NOs+ relative intensity is obviously strong (Fig. S10), comparable with that observed during organic rich

episode...”
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