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We are very grateful for the anonymous reviewer’s positive assessments of the manuscript and 1 

insightful comments for further improvement. We have revised the manuscript by fully taking the 2 

reviewers’ suggestions into account. Please find our point-to-point replies below in blue, and the 3 

specific changes in the revised manuscript and SI are highlighted here in red. 4 

Reviewer 1 5 

This manuscript presents analysis of size-segregated water-soluble aerosol samples from a 6 

coastal site in China.  The main findings include that nearly all OOC was derived from fossil 7 

sources, fine-mode SOA was influenced by aqueous phase Fenton reactions and coarse mode SOA 8 

was derived from gas-phase oxidation.  I have a few major comments that need to be addressed 9 

before the manuscript is ready for publication. 10 

1. I have major concerns regarding the PMF analysis. This has implications for the overall 11 

conclusions as the authors have defined SOA as the sum of two of the PMF species.  12 

Specifically:  13 

Why were only 5 variables included, rather than including more species from the IC, ICP or 14 

ACSM?  15 

The would strengthen the separation of the factors. How was nss-K derived? Based on the high 16 

Cl and NO3 in the coarse mode, it seems there is probably influence from sea salt. 17 

The PMF results are also concerning and more validation is necessary. I would expect at least 18 

some CO2
+ and C4H9

+ to be attributed to biomass burning. It would be useful to also show the 19 

rest of the results from the PMF rather than just the EV plot. 20 

Response:  21 

Thank you very much for your thoughtful and detailed comments regarding the PMF analysis. 22 

We appreciate your suggestions, and we respond to each of your concerns below: 23 

(1) Regarding the number of variables used in PMF. 24 

Thank you very much for your valuable comments. We fully understand your concerns 25 

regarding the limited number of variables used in the PMF analysis. In this study, our primary aim 26 

was to investigate the formation mechanisms and size distribution characteristics of secondary 27 

organic aerosols (SOA). Therefore, we intentionally selected representative variables that are 28 

closely related to SOA formation, such as WSOC, WSOO, and key organic fragments from the 29 

ACSM, in order to enhance the interpretability of the SOA-related factors extracted by the PMF 30 

model. In our current study, we selected five variables for PMF analysis based on the methodology 31 

and experience from our group’s previous research (e.g.,(He et al., 2022; Huang et al., 2020; Wei et 32 

al., 2024)), where robust and interpretable factor solutions were achieved using this approach.  33 

While species from IC, ICP, or additional ACSM ions may indeed be important in broader 34 

aerosol characterization, our current focus was to minimize uncertainties related to multicollinearity 35 

and to concentrate specifically on resolving SOA-related sources. Including too many overlapping 36 

chemical tracers could increase model complexity and hinder the effective extraction of 37 

interpretable SOA factors. That said, we agree that incorporating a wider range of species could 38 

potentially help further resolve mixed sources and their contributions to SOA formation. We will 39 

consider this in future studies. 40 
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(2) Derivation of nss-K⁺: 41 

Thank you for your comments. In response to the reviewer’s concern regarding the calculation 42 

of non-sea-salt potassium (nss-K⁺), we have clarified this in the revised manuscript. Specifically, 43 

we have added the following sentence in the main text (Lines 132-135):“Considering the significant 44 

contribution of sea salt at the sampling site, non-sea-salt potassium (nss-K⁺) was calculated to better 45 

represent biomass burning emissions. Nss-K+ was calculated from measured K+ assuming the mass 46 

ratio K+/Na+ of 0.036 as in seawater, following the approach in (Boreddy and Kawamura, 2015; 47 

Klopper et al., 2020).” 48 

(3) Clarification of PMF results: 49 

We agree that displaying the full factor profiles could enhance transparency and provide a more 50 

comprehensive view of the PMF outputs. We will include the complete mass spectral profiles of all 51 

resolved factors in the Supplementary Information in the revised manuscript. The added PMF results 52 

and evaluation for WSOC (line 44-50 in the revised SI) are as follows:  53 

“Two to five factors were tested for modeling, and the three-factor output (base run, 54 

Qtrue/Qexp=1.01) was found to be the most reasonable solution to explain all identified factor profiles, 55 

as will be discussed later; additionally, the solutions with more than three factors did not produce 56 

any new meaningful results for WSOC. The scaled residuals exhibited a generally symmetrical 57 

distribution between -3 and +3 as well. Moreover, there was also a strong overall correlation 58 

between the total factor concentrations reconstructed by the PMF model and the total mass 59 

concentrations of the measured species (Figure S4).” 60 

In addition, Figure S3 and Figure S4 was also added to SI to verify the PMF results. 61 

 62 

Figure S3. The concentrations of species with standard deviations for the three-factor solution 63 

resolved in the PMF analysis. 64 
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 65 

Figure S4. Comparison between the measured total mass of species and the PMF-reconstructed 66 

total mass of sources for WSOC(a), WSOO(b), CO2
+(c), C4H9

+(d), and nss-K+(e). 67 

We appreciate the reviewer’s insightful comments and agree that further clarification regarding 68 

the BBOC factor is necessary. In our PMF analysis, non-sea-salt potassium (nss-K⁺), a well-69 

established tracer for biomass burning, was primarily attributed to Factor 1, which had an 70 

intermediate O/C ratio of 0.53. This is consistent with previous studies identifying aged biomass 71 

burning organic carbon (BBOC) with similar oxidation levels (Feng et al., 2023; Sun et al., 2018). 72 

Although CO2
+ and C₄H₉⁺ were not predominantly associated with the BBOC factor, this can 73 

be reasonably explained. CO₂⁺ is a common fragment in both highly oxidized SOA and aged BBOA. 74 

In our dataset, CO2
+ was largely assigned to the MO-OOC factor, which exhibited a very high O/C 75 

ratio (1.85). This is consistent with CO2
+ being a generic marker for highly oxidized compounds 76 

rather than a source-specific tracer (Dai et al., 2019; Xu et al., 2019). 77 

As for C4H9
+, it was mainly allocated to the LO-OOC factor. While this fragment is often used 78 

as a tracer for hydrocarbon-like organic aerosol (HOA), previous studies have also noted its 79 

presence in less oxidized fractions of biomass burning emissions (Cao et al., 2018; Hu et al., 2017). 80 

Given the overlapping fragmentation patterns between fresh HOA and certain primary BBOA 81 

components, it is not unexpected that C4H9
+ was not uniquely associated with the BBOC factor in 82 
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our solution. Thus, we believe the current attribution is reasonable within the resolution and scope 83 

of our PMF analysis. 84 

We believe these clarifications and additional data presentation strengthen the reliability of our 85 

PMF interpretation and the conclusions drawn about SOA sources. All changes have been noted in 86 

the revised manuscript. 87 

 88 

2. Should the aerosol size distribution units be µg m-3? 89 

Response:  90 

Thanks for your suggestion. In our manuscript, we used dC/dlogDp (µg·m-3) to present size-91 

resolved aerosol mass distributions, which reflects the differential concentration per logarithmic 92 

particle diameter interval. This is a standard approach when illustrating aerosol size distribution 93 

patterns. For figures or text where size resolution is not emphasized, we used µg·m-3 to represent 94 

the bulk mass concentration of aerosol components. We believe this dual usage is appropriate to 95 

clearly distinguish between size-resolved and total concentrations. 96 

 97 

3. According to table 1, coarse mode OOC is negatively correlated with the aromatic VOCs.  98 

Similarly at line 255, the correlation between coarse mode biogenic OOC and monoterpenes and 99 

isoprene is discussed, but the correlations are negative.  I’m not sure how this supports these 100 

VOCs as precursors for the coarse mode OOC. 101 

Response:  102 

Thank you very much for your insightful comments. We fully understand your concerns 103 

regarding the negative correlations observed between coarse-mode OOC and aromatic VOCs as 104 

well as biogenic VOCs (monoterpenes and isoprene). We appreciate the opportunity to clarify this 105 

important issue. Here, we provide detailed explanations addressing your concerns and reinforcing 106 

our conclusion that aromatic VOCs and biogenic VOCs are indeed significant precursors for coarse-107 

mode SOA, despite the observed negative correlations. 108 

(1) Size-specific correlations support distinct SOA precursor pathways 109 

In our study, coarse-mode OOC shows statistically significant correlations (albeit negative) 110 

with aromatic VOCs (e.g., toluene, styrene) and biogenic VOCs (e.g., monoterpenes, isoprene). 111 

Notably, these correlations are uniquely observed for coarse-mode OOC and are not present for 112 

fine-mode OOC. Such size-specific relationships clearly suggest distinct precursors and formation 113 

mechanisms for fine- and coarse-mode SOA, which strongly supports our conclusion that aromatic 114 

VOCs and BVOCs serve as important precursors for coarse-mode OOC. 115 

(2) Direct evidence from 14C isotope analysis 116 

Our 14C analysis clearly distinguishes the origins of coarse-mode OOC, indicating a mixed 117 

contribution of fossil sources (approximately 80.4%) and biogenic sources (approximately 19.6%). 118 

The correlations observed align well with these results, where aromatic VOCs correspond 119 

predominantly to fossil-derived OOC and biogenic VOCs (monoterpenes and isoprene) correspond 120 
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to biogenic-derived OOC. This strong agreement between source attribution and VOC correlations 121 

directly supports our conclusion that these VOCs are valid and significant precursors of coarse-122 

mode SOA. 123 

(3) Experimental evidence: Biogenic OOC predominantly occurs in the coarse mode 124 

Our analysis explicitly demonstrates that biogenic OOC is primarily found in coarse-mode 125 

particles (74.1%), providing direct observational evidence that oxidation products derived from 126 

biogenic VOCs (monoterpenes and isoprene) preferentially accumulate in coarse-mode aerosols. 127 

This further substantiates the critical role of BVOCs as important coarse-mode SOA precursors. 128 

To clarify these important points, we have added the following sentence in the main text (Lines 129 

196-207):“In contrast, coarse-mode OOC exhibited significant negative correlations with nonpolar 130 

aromatic hydrocarbons (e.g., toluene, C8 aromatic, C9 aromatic, styrene) and biogenic VOCs 131 

(monoterpenes) (Table 1). Despite these negative correlations, several evidence support 132 

atmospheric relevance of these gaseous precursors to coarse-mode SOA. Firstly, the correlations 133 

with aromatic and biogenic VOCs were unique to coarse-mode OOC and not observed in the fine-134 

mode OOC, clearly demonstrating distinct precursor pathways for coarse and fine-mode SOA. 135 

Secondly, 14C isotope analysis explicitly confirmed that coarse-mode OOC consisted of both fossil 136 

(approximately 80.4%) and biogenic (approximately 19.6%) components, directly aligning with the 137 

respective aromatic and biogenic VOC precursors identified here. Thirdly, biogenic OOC was found 138 

predominantly in coarse-mode particles (74.1%), providing direct observational evidence linking 139 

biogenic VOC oxidation products to coarse-mode aerosol formation.” 140 

We sincerely appreciate the reviewer’s insightful comment, which allowed us to refine our 141 

manuscript and better convey our scientific conclusions. 142 

 143 

4. Line 61: “Dust particles mainly consist of aluminosilicate, sea salt, SiO2, CaCO3, and coated 144 

with secondary organic and inorganic aerosol components under an ambient environment…” I 145 

would argue that sea salt particles are, by definition, not dust. 146 

Response:  147 

Thank you for your valuable comment. We have carefully reviewed the sentence in question 148 

and agree that using “dust” to refer to coarse particulates may lead to confusion, as sea salt and other 149 

particles are not technically classified as dust. Therefore, we have revised the sentence to better 150 

reflect the composition of coarse particles. The updated sentence (Lines 60-62) now reads: “Coarse 151 

particles mainly consist of aluminosilicate, SiO2, CaCO3, sea salt, and coated with secondary 152 

organic and inorganic aerosol components under an ambient environment.” 153 

 154 

  155 
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5. Figure 2: What is included in the “Other” category? 156 

Response:  157 

Thanks for your suggestion. Detailed explanations of the "Others" have been added to the 158 

caption of Figure 2 (lines 154-156) in the revised manuscript, as presented below:  ‘The “others” 159 

category was calculated by the mass concentration of particulate matter minus the total 160 

concentrations of water soluble species, and might include non-water soluble organic matter, 161 

elemental carbon, crustal material, etc.’ 162 

 163 

6. Line 138: "These coarse modes contain more water insoluble components, it contains a variety 164 

of metal oxides (i.e., TiO2 and Fe2O3)".  Is this just a general comment, or were these measured? 165 

If so, how were these water-insoluble compounds measured? 166 

Response:  167 

Thanks for your comments. Following your suggestion, I have revised the relevant sentence 168 

(Lines 139-141) as follows: “The coarse mode contains significantly higher proportions of water-169 

insoluble components, with measured concentrations reaching 20.63 μg m-3, accounting for 75.6% 170 

of the total coarse-mode mass concentration.” 171 

 172 

7. Line 163: Please include more details for these equations. For example, what is fmodern? 173 

Response:  174 

Thanks for your suggestion. The clarification of the equations has been provided in the revised 175 

manuscript, as presented below (Lines 175-180):“Here, fmodern represents the modern carbon fraction, 176 

defined as the ratio of the 14C/12C content in a sample relative to that of a modern standard (NBS 177 

Oxalic Acid I from AD 1950), corrected for δ13C isotopic fractionation and 14C decay(Zhang et al., 178 

2019). Biogenic carbon represents the portion of carbon derived from biogenic sources, biogenic 179 

OOC represents the oxygenated organic carbon originating from biogenic sources, fossil fuel OOC 180 

represents the oxygenated organic carbon derived from fossil fuel sources. ” 181 

The clarification of the equations (Lines 165-167) has been provided in detail in Supplementary 182 

Text S2, which includes the following description (Lines 65-75 in the revised SI):“The dried filters 183 

were used to make graphite samples using the graphitization line at the Guangzhou Institute of 184 

Geochemistry, CAS through the hydrogen and zinc reduction method(Xu et al., 2007), and then graphite 185 

samples were measured with a compact accelerator mass spectrometry (NEC, National Electrostatics 186 

Corporation, USA) at the Guangzhou Institute of Geochemistry, CAS. AMS calibration was performed 187 

using standards (Oxalic Acid Standards I and II) and blanks. The δ13C value was obtained during AMS 188 

measurements and applied to correct the 14C measurements for isotopic fractionation. The fraction 189 

modern (𝑓𝑚𝑜𝑑𝑒𝑟𝑛) )was determined by comparing the measured 14C/12C ratio in a sample with that in a 190 

modern standard (NBS Oxalic Acid I in AD 1950). All of the reported fm values were corrected for δ13C 191 

fractionation and for 14C decay over the time period between 1950 and the year of measurement and more 192 

technical details can be found in the literatures (Zhang et al., 2019; Zhu et al., 2015).” 193 
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8. Line 198: Are these ion fragments from the ACSM or the PTR-MS? 194 

Response:  195 

Thanks for your suggestion. Thank you for your question. The characteristic fragment ions of 196 

glyoxal and methylglyoxal (e.g., C2O2
+ and CH2O2

+) mentioned in Line 198 were identified in 197 

previous studies using aerosol mass spectrometry techniques, including both the aerosol mass 198 

spectrometer (AMS) and the aerosol chemical speciation monitor (ACSM). We have revised the 199 

sentence accordingly in Lines 220-224 to clarify this point，the revised text is as follows: “Previous 200 

studies have identified characteristic fragment ions of glyoxal and methylglyoxal (e.g., C2O2
+ and 201 

CH2O2
+), detected by aerosol mass spectrometer (AMS) and aerosol chemical speciation monitor 202 

(ACSM), which play a crucial role in the formation of low-volatility SOA during cloud processing 203 

and are strongly correlated with aqueous oxygenated organic aerosol (aq-OOA) (Duan et al., 2020; 204 

Sun et al., 2016).” 205 

 206 

9. Line 13: Radiocarbon is misspelled 207 

Response:  208 

Thank you for pointing this out. We have corrected the spelling of "Radiocarbon" in Line 13. 209 

 210 

10. SOA and VOC were already defined previously 211 

Response:  212 

Thank you for your comment. We acknowledge that SOA and VOC were already defined 213 

previously. The redundant definitions have been removed in the revised manuscript to improve 214 

clarity and avoid repetition. 215 

 216 

11. “While that formed on coarse particles was mostly neglected…” this clause is not clear 217 

Response:  218 

Thank you for your valuable feedback. We have revised the sentence to clarify the point 219 

regarding the formation of SOA on coarse particles. The revised sentence (line 57) now reads: 220 

“While the formation of SOA on coarse particles was mostly neglected”. This modification makes 221 

the sentence clearer and directly addresses the focus of our study on coarse-mode SOA formation. 222 

We hope this revision improves the clarity of the manuscript. 223 

 224 

12. PRD is not defined 225 

Response:  226 

Thank you for pointing this out. We have added the full definition of PRD (Pearl River Delta) 227 

when it first appears in the manuscript to improve clarity for readers who may not be familiar with 228 

the abbreviation. The revised sentence(line 77-78) now reads:“The sampling site, Atmospheric 229 
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Observation Supersite of Shenzhen AOSS(22.60 °N, 113.98 °E), is located at an urban site in the 230 

southeast of the Pearl River Delta (PRD) region.” 231 

 232 

Reviewer 2 233 

This manuscript is an interesting effort to understand secondary organic aerosol formation in a 234 

coastal site in China. It could serve as a valuable guide for further complementary studies on the 235 

differences between fine-mode and coarse-mode oxygenated organic carbon origins. I recommend 236 

minor revisions for publication. Additionally, the text should undergo a careful review for grammar 237 

and fluency, with particular attention to punctuation and spaces. 238 

1. Why not utilize diagnostic ratios to attribute and support specific sources such as Mg2+/Na+, 239 

Cl⁻/Na⁺ (related to marine influence), and SO42-/NO3⁻ (which some authors use to 240 

differentiate between stationary and vehicular sources) among the various particle sizes? It can 241 

be complementary to PMF. 242 

Response:  243 

Thank you very much for your insightful comment. We fully understand your suggestion 244 

regarding the use of diagnostic ratios (e.g., Mg2+/Na+, Cl⁻/Na⁺, and SO4
2-/NO3⁻) to support source 245 

identification across particle sizes. However, the primary objective of this study was to investigate 246 

the formation mechanisms and size distribution of secondary organic aerosols (SOA), with a 247 

particular focus on water-soluble organic carbon (WSOC). Therefore, the PMF analysis was 248 

conducted using variables closely related to SOA, such as WSOC, WSOO, and selected organic 249 

fragments from the ACSM, to ensure the interpretability of SOA-related factors. 250 

This approach follows the methodology successfully applied in our previous work (e.g., He et 251 

al., 2022; Huang et al., 2020; Wei et al., 2024), where robust and meaningful SOA source 252 

apportionment was achieved using a limited number of representative variables. While diagnostic 253 

ratios and additional species may indeed help in identifying other aerosol sources such as sea salt 254 

or anthropogenic sulfate, including too many variables could increase model uncertainty and reduce 255 

the clarity of SOA-related factors. We appreciate your suggestion and will consider incorporating 256 

such diagnostic indicators in future studies that aim to provide more comprehensive source 257 

apportionment. 258 

 259 

2. Please provide the robustness assessment of the Positive Matrix Factorization (PMF) results, 260 

including bootstrap mapping and displacement tests, and clarify how the three-factor solution 261 

was determined (in the manuscript). 262 

Response:  263 

We appreciate the reviewer’s suggestion. In response, we have clarified the rationale for 264 

selecting the three-factor solution in the revised manuscript. The revised sentence(line 158-160) 265 

now reads: “The three-factor solution was considered the most reasonable based on the clarity of 266 

factor profiles and the residual distribution. Further details are provided in the Supplement.” 267 
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We have provided a detailed robustness assessment of the PMF results in the revised 268 

Supplementary Information, including both bootstrap and displacement tests. As shown in the newly 269 

added Table S1 and described in Supplementary Text S1(Lines 50-53 in the revised SI), “All three 270 

factors were successfully mapped in 100% of the bootstrap (BS) runs, and no factor swaps were 271 

observed in the displacement (DISP) test. The absence of swaps indicates that the PMF results are 272 

sufficiently robust (Table S1).” These additions have been included to enhance the credibility and 273 

reproducibility of our factor identification. 274 

Table S1. Diagnostic parameters of BS and DISP error estimates of three factors of source analytic 275 

results of PMF model  276 

diagnostics Diagnostic parameters 3 factors 

BS diagnostics 
% BS mapping 100% 

% Unmapped 0 

DISP diagnostics 

Error Code 0 

Largest Decrease in Q 0 

%dQ <0.1% 

Swaps by Factor 0 

Finally, in response to your suggestion that “the text should undergo a careful review for 277 

grammar and fluency, with particular attention to punctuation and spaces,” we have thoroughly 278 

proofread and revised the manuscript to address these issues and enhance the overall clarity and 279 

language quality. 280 

  281 
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