
Author Responses to Reviewer #2 

The Reviewer comments are in black italic font and the Author responses are in blue font. 

Schum et al. present a unique dataset collected on Pico Mountain Observatory to study the 
physiochemical properties of aerosol in the remote marine free troposphere. They analyzed three aerosol 
samples that had elevated organic carbon concentration, and attributed the differences in their molecular 
and physical characteristics to emission sources as well as their transport pathways. They observed a 
lower O/C ratio in two samples that they believed were likely from biomass burning plumes that were 
transported mostly in the free troposphere, and the aerosols were in a solid state that resisted oxidation. 
Before this work is published in ACP, the authors need to provide careful clarification and further 
discussion of several important aspects in this manuscript. Please find the comments below. 
 
We thank the reviewer for their helpful comments. We made several changes to both the main paper and 
the supplemental information. In particular, we made major revisions to section 3.5.  
 
Major comments 
1. The O/C values for PMO-1 and PMO-3 are surprisingly low for particles that had been transported for 
7-10 days. In Section 2.3, the authors pointed out that “losses of highly water soluble, low molecular 
weight organic compounds are expected”. Highly water soluble compounds are presumably quite polar 
and thus should have higher O/C. Authors need to address how the SPE artifacts affect the overall sample 
O/C. The same issue applies to the artifacts of water extraction that the water-soluble compounds in the 
samples were preferably collected for the subsequent analysis. Please provide a discussion of possible 
bias, what is roughly the fraction that had been extracted versus not-extracted, and how it might affect the 
results of the analysis. 
 
We thank the reviewer for this comment. The sample preparation step is necessary because electrospray 
ionization (ESI) is used to study complex organic matter. The soft ionization method is susceptible to salt 
adducts that can complicate the mass spectra. Furthermore, low molecular weight (MW) compounds can 
be analyzed using other analytical techniques (e.g., gradient anion chromatography is suitable for several 
common low MW organic anions).  
 
As suggested by the reviewer, the loss of low MW compounds with high O/C values does likely 
correspond to a decrease in the total water-soluble organic carbon O/C value. The magnitude of this 
depends on how the O/C value is determined. An overall larger difference is associated with relative 
abundance weighted O/C values (RA-weighted or O/Cw). On the other hand, a negligible difference is 
associated with arithmetic mean values (due to the very high number of identified molecular formulas). 
For this reason, a majority of the values reported in the discussion paper were arithmetic mean values. For 
a more complete comparison of arithmetic mean values of O/C from several studies, we refer the reviewer 
to Table 3 from Dzepina et al. (2015) shown below. 
 



 
 
After consideration of all of the comments (including those of Reviewer 1 and the editor), we opted to 
instead focus on the RA-weighted values consistently throughout the manuscript. These values do help 
distinguish important trends in the data (e.g., Fig. 2 and 4). However, we note both here, and in the 
manuscript (lines 327-328), that the RA is not expected to directly correspond to the analyte 
concentrations because the ionization efficiencies depend on several factors such polarity, surface 
activity, and pH (Cech and Enke, 2001). 
 
We estimated the impact of the missing low MW species on the overall O/C using the five highest mass 
concentrations (oxalate, acetate, lactate, formate, and malonate) as measured using ion chromatography. 
The measured mass concentrations were converted to their percent abundance relative to the total organic 
mass (estimated using an OM/OC conversion of 2 (El-Zanan et al., 2005)). The total ion abundance 
identified using ultrahigh resolution FT-ICR MS was assumed to represent as little as 50% of the total 
WSOC. Then the individual low MW compound mass fractions were used to estimate their abundance 
relative to the sum of the total abundance of species identified by FT-ICR MS. These abundance values 
were then used to estimate the weighted average O/C value for each of the samples. The following table 
was added to the Supplement (Table SM4). 
 
 
 
 
 
 
 
 
 
  



Table SM4. Estimated average O/C values when the ions are considered. The table contains the results for 3 
assumptions of the organic mass fraction represented by the FT-ICR MS identified species (100%, 70%, 
50%). The numbers in parentheses show the percent change in average O/C from the O/C without ions 
considered. 

 

Sample	
RA	Weighted	O/C	
without	Ions	(100%)	

Ions	and	RA	Weighted	
O/C	(100%)	

Ions	and	RA	Weighted	
O/C	(70%)	

Ions	and	RA	Weighted	
O/C	(50%)	

PMO-1	 0.48	 0.53	(10.42%)	 0.55	(14.58%)	 0.58	(20.83%)	

PMO-2	 0.57	 0.70	(22.81%)	 0.75	(31.58%)	 0.81	(42.11%)	

PMO-3	 0.45	 0.52	(15.56%)	 0.54	(20.00%)	 0.57	(26.67%)	

 
 
PMO-2 is still by far the most oxidized sample overall. PMO-1 and PMO-3 were still somewhat un-
oxidized relative to our pre-conceived expectations based on transport time (Bougiatioti et al., 2014; 
Aiken et al., 2008). Oxalate is by far the most abundant organic ion and has the highest O/C, thus it yields 
the largest impact. Note that these O/C values are likely the upper limit of the average high MW O/C for 
these samples. The ionization preferences associated with negative mode ESI favor more highly oxidized 
higher molecular weight species, thus high MW molecular species detected by other ionization methods 
would likely only decrease the O/C. 
 
To clarify the impact of the missing anions on the average O/C, the following has been added (see lines 
164-171): “The procedural loss of ionic low MW compounds such as oxalate can lead to an 
underprediction of the organic aerosol O/C and overprediction of the average glass transition 
temperatures (Tg). To investigate this, we used the concentrations of the prominent organic anions 
measured with ion chromatography to estimate the abundance of these compound relative to the 
compounds detected by FT-ICR MS. The low MW corrected average O/C values correlated with 
the trends of the original O/C values, however the significance of impacts varies with the measured 
analyte concentrations and the assumptions associated with the uncertain mass fraction of the 
molecular formula composition (Table SM4). When low MW organic anions were included in the 
estimated average dry Tg values, they dropped by ≤ 2.5 %, which was deemed relatively 
insignificant (Table SM5).” 

 
A description of the estimation method and data discussed above were added to the Supplement (Page 5).  
 
2. The authors use the method developed by DeRieux et al. to estimate particle phase state and heavily 
rely on the result to explain their findings. However, the authors use this method without further comment 
and discussion, especially regarding its uncertainty. Solid, semisolid and liquid state are qualitative 
descriptions which do not provide much insight into diffusion time-scale of water or organic molecules 
into/out of particles. Diffusion is a key process that determines the evolution of particle composition, and 
the connection of phase state and diffusivity involves multiple-step estimations with large uncertainties, 
as shown in a couple of studies [1][2]. Is it possible that the uncertainty of the method is large enough 
that it changes the major conclusions of this paper? The authors need to provide a much more 
comprehensive discussion of these issues. 
 
We thank the reviewer for this comment.  



This work expands the understanding of the long-range transported aerosol collected at the Pico Mountain 
Observatory (PMO) presented in previous studies (Dzepina et al., 2015, China et al., 2015; China et al. 
2017; Zhang et al., 2015; Zhang et al., 2017). As described, the site is located in the North Atlantic free 
troposphere on the Azores archipelago, and as such, it is quite remote. Additionally, the site is uniquely 
well-suited for the observation of long range transported aerosol due to the low marine boundary layer 
which is frequently below the site (See also Image 1 in the Supplement for a photo of the site and the 
mountain). Specifically, this paper attempts to advance the interpretation of pollution events arriving from 
North America using the detailed molecular chemistry.  

We agree that diffusion is a key process in determining the evolution of particle compositions; however 
according to the FLEXPART retroplumes, the aerosol have been aloft for several days and the 
compositions that we measured are mostly low volatility compounds (Fig. 6 of manuscript). Our intent 
was not to provide exact predictions of diffusion or viscosity for the aerosol collected during the sampling 
periods (predictions for which our available sample and measurements would not be appropriate), but to 
provide an estimate of the most probable phase state for the organic aerosol during transport using the 
GFS meteorological fields (specifically ambient T and RH) associated with the FLEXPART retroplumes 
for a few upwind days. We then used the ratio of glass transition temperatures (Tg) to the ambient 
temperature (Tg/T) coupled with chemical markers to assist in the interpretation of our observations of the 
samples.  

At present, we do not have enough information to predict the diffusion of species in the aerosol particles. 
Insufficient knowledge on the composition of aerosol particles and a lack of available methods to 
accurately measure viscosity for ambient samples at low concentrations limit the possibility to estimate 
diffusion, as described in a recent review by Reid et al. (2018). Therefore, we used general literature ideas 
about phase state and its impact on diffusion and viscosity to support the hypothesis that phase state limits 
the atmospheric oxidation of organic aerosol, which is consistent with several other studies (Shrivastava 
et al. 2017, Berkemeier et al., 2014, Lignell et al., 2014, Zelenyuk et al., 2017). Research reported in Ye 
et al. (2016), has shown that low volatility compounds resist diffusion even at high RH.  

To be more accurate and avoid confusion, we removed the classification of molecular species as “solid”, 
“semi-solid”, and “liquid”, and instead show only the estimated Tg. We also focused our discussion on the 
uncertainties in the Tg estimates with respect to the DeRieux et al. (2018) defined error and the range of 
meteorological conditions extracted from FLEXPART. In fact, the range of ambient conditions presents a 
larger range of estimated Tg values. As such, Figure 7 from the revised manuscript has revised and an 
additional version of the plot which demonstrates the distribution of Tg values using just the mean RH for 
the RH dependent Tg was added to the supplement (Fig. S17).  

 

 

 



 

Figure 7. Panels a-c contain the ambient conditions extracted from the GFS analysis along the FLEXPART 
modeled path weighted by the residence time for PMO-1, PMO-2, and PMO-3, respectively. The line 
represents the mean value and the shading represents one standard deviation of values. Panels d-f contain the 
boxplot distributions of the relative humidity dependent Tg values for molecular formulas using the 
maximum, mean, and minimum RH for PMO-1, PMO-2, and PMO-3, respectively. The Tg values for the full 
composition of each sample were calculated using the maximum, mean, and minimum RH and then all three 
sets of data are combined and plotted as a single distribution for each time period. The open circles represent 
the abundance and Boyer-Kauzmann estimated Tg for the acid forms of the three most abundant low MW 
organic ions, the bars around the circles represent the range of possible Tg values for those compounds when 
the range of RH is considered. The red line demonstrates the ambient temperature at each time point, as 
extracted from GFS. The centerline of the boxplot represents the median, the top and bottom of the “box” 
represent the third and first quartiles, respectively. The “whiskers” represent Q3 + 1.5* interquartile range 
(IQR, Q3-Q1) (maximum), and Q1 – 1.5*(IQR) (minimum). 

 

 

Figure S17. Boxplots showing the distributions of the relative humidity dependent Tg values for each sample 
over the last five days of transport. The open circles represent the Boyer-Kauzmann estimated Tg values for 
the acid forms of the three most abundant low MW organic ions not observed in FT-ICR mass spectra. The 
symbols are scaled by their ambient concentration. The red line represents the mean ambient temperature 
from the GFS analysis. The samples PMO-1, PMO-2, and PMO-3 are shown in panels (a), (b), and (c), 
respectively. The centerline of the boxplot represents the median, the top and bottom of the “box” represent 
the third and first quartiles, respectively. The “whiskers” represent Q3 + 1.5* interquartile range (IQR, Q3-
Q1) (maximum) and Q1 – 1.5*(IQR) (minimum). 

  



According to DeRieux et al. 2018, the estimation of Tg has an error of ±21 K when considering only a 
single compound. They also mention that when considered as a group, the error decreases substantially, 
owing largely to some species being overestimated and some being underestimated, leading to the final 
result being reasonably accurate. In order to test the limit of the potential error, we added and subtracted 
21 K from all the estimated Tg values and replotted the distributions as presented in the manuscript.  

As expected, the range of Tg values increased. However, despite this increase, the majority of the Tg 
distribution was still below the ambient temperature for PMO-2. Figure S18 (below) illustrates the results 
of these tests. However, to have the equation under or overestimate the Tg of all formulas by the 
maximum reported error and the same extent with the same direction is highly unlikely and so it seems 
likely that our results are robust. Furthermore, an individual molecular formula represents a mixture of 
isomers with slightly different Tg values, thereby potentially decreasing the error consistent with the 
description by DeRieux et al. (2018). For example, ultrahigh resolution MS/MS work by LeClair et al. 
(2012) has shown that most molecular formulas have more functional group losses (neutral losses of 
hydroxyl, carboxyl, etc.) than could be expected from a single isomer of a molecule. This has also been 
observed in the MS/MS analysis of PMO-1 which is the subject of a forthcoming paper.  

To make the potential error due to the estimation clear the following has been added to the manuscript 
(Lines 213-217): “DeRieux et al. (2018) reported an uncertainty of ± 21 K for the prediction of any 
single compound, but the uncertainty is expected to decrease when a mixture of compounds is 
considered. Nonetheless, we assumed an uncertainty range of ± 21 K on Tg and found that it did not 
significantly change the Tg trends presented in Section 3.5. Further discussion the uncertainty on Tg 
is provided in the Supplement.”  

 

 

Figure S18. Relative humidity dependent Tg distribution box plots with ± 21 K uncertainty (DeRieux et al., 
2018) applied. Panels (a), (b), and (c) show the distributions for PMO-1, PMO-2, and PMO-3, respectively. 
Three distributions were calculated for each sample, one with 21 K added to the dry Tg, one with 21 K 
subtracted from the dry Tg, and one with the original Tg values. The three data sets were combined here. The 
inclusion of the ± 21 K uncertainty does not significantly impact the range of observations. The centerline of 
the boxplot represents the median, the top and bottom of the “box” represent the third and first quartile 
respectively. The “whiskers” represent Q3 + 1.5* interquartile range (IQR, Q3-Q1) (maximum) and Q1 – 
1.5*(IQR) (minimum). 
 

Minor comments 
1. In line 20, “This suggests that biomass burning emissions injected into the free troposphere are longer-
lived than emissions in the boundary layer." The term "longer lived" is vaguely used here, as well as in a 
couple places in the main text. Do the authors mean the particles from biomass burning have lower 
oxidation state, or the authors are referring to the chemical life time of the compounds from biomass 
burning that were transported in the free troposphere? 



 

The intent was to indicate that aerosol in the free troposphere appear to be more resistant to removal, due 
in part to the ambient conditions. In this case, we specifically contrast this finding to previously reported 
lifetimes of biomass burning brown carbon species, which were predicted to have a lifetime of ~1 day 
within the boundary layer (Forrister et al., 2016; Laing et al., 2016). To clarify, we changed “long lived” 
to “persistent”, everywhere as appropriate in the manuscript. 

 

2. In Section 3.1, chloride is presented in Table 1 but not discussed in the main text. Some studies show 
that biomass burning can produce chlorine-containing particles [3][4]. 
 
We thank the reviewer for this interesting observation. To reflect this, we added the following to Section 
3.1 (lines 250-251) of the paper: “Chloride was also present in PMO-1 and PMO-3, which has been 
shown in some studies to be a minor product of biomass burning, depending on the fuel burned 
(Levin et al., 2010; Liu et al., 2017).” 
 
3. In Figure 1 (c), the air mass spent a couple of days over Europe, and based on (f), the height of the air 
mass was quite low during those days. Could there be any influence from emissions from Europe on the 
sample? 
 
We thank the reviewer for this comment. First, the altitude profile plots were inadvertently misplaced, so 
the altitude of the airmass over Europe was not as low as shown there. We corrected this as soon as we 
realized the mistake during the discussion. We also corrected the plot in the final manuscript and added 
additional retroplumes with 12 hour time differences. Looking at the correct plots, the altitude was still 
somewhat low and the RH increased indicating potential influence from Europe. However, the molecular 
species identified in PMO-3 were much more similar to the more strongly influenced biomass burning 
sample (PMO-1) than they were to the anthropogenic, albeit North American, influenced sample (PMO-
2). There is the possibility of European influence roughly 5 days before reaching the PMO, shown by the 
spike in altitude and RH during that time period, but it does not seem to be a major component based on 
the chemical comparisons of the three samples. Additionally, the source apportionment modeling did not 
predict European influence for that sample.  
 
4. In Section 3.2, regarding the CO source apportionment in Figure S1, what is the uncertainty 
associated with the CO modeling? 
 
We add a few sentences in Section 2.4 (highlighted in bold below) to discuss the uncertainty and features 
associated with the FLEXPART CO simulations. We would like to point out that the FLEXPART CO tracer 
does not reproduce the actual CO concentration at the site because FLEXPART only simulates the transport 
of emissions but not the chemistry or deposition. FLEXPART CO was set to have a cutoff lifetime of 20 
days in the model, but in reality, the CO lifetime varies from weeks to months depending on the location 
and atmospheric conditions. In this work, FLEXPART CO simulations were used as an indicator to show 
the relative contributions from anthropogenic and biomass burning emissions rather than an estimate of CO 
concentrations at Pico.  

Manuscript excerpt (Lines 191-207):  

“FLEXPART modeling was used to determine the sources, ages, and transport pathways of the aerosol 
samples collected at PMO. FLEXPART backward simulations (also called retroplumes) were driven by 
meteorology fields from the Global Forecast System (GFS) and its Final Analysis (FNL) with 3-hour 



temporal resolution, 1° horizontal resolution, and 26 vertical levels. The output was saved in a grid with a 
horizontal resolution of 1° latitude by 1° longitude, and eleven vertical levels from the surface to 15,000 
m a.s.l. For each simulation, 80 thousand air parcels were released from the receptor and 
transported backwards for 20 days to calculate a source-receptor relationship (in units of s kg-1, 
Seibert and Frank, 2004). FLEXPART retroplumes (upwind distributions of residence time) are then 
multiplied with CO emission inventories (kg s-1) from the Emissions Database for Global Atmospheric 
Research (EDGAR version 3.2 (Olivier and Berdowski, 2001)) and the Global Fire Assimilation System 
(Kaiser et al., 2012) to estimate the influence from anthropogenic and wildfire sources, respectively. The 
FLEXPART CO tracer calculated with this approach indicates the relative contributions from 
anthropogenic and biomass burning emissions. Since CO chemistry and dry deposition are not 
considered in the FLEXPART setup, the absolute FLEXPART CO value does not reproduce the 
actual CO concentrations at Pico. FLEXPART does not consider the background CO accumulated 
in the atmosphere. The difference between FLEXPART CO and the actual CO largely depends on 
these factors. In previous applications of this approach, FLEXPART CO was able to estimate the 
episodes of CO enhancement due to transport of emissions (e.g., Brown et al., 2009; Stohl et al., 
2007; Warneke et al., 2009). This modeling approach has been used in several PMO studies and 
successfully captured elevated CO periods (e.g., Dzepina et al., 2015; Zhang et al., 2014, 2017) and it 
is used here to assist in the interpretation of the chemical composition in this work”  

 
5. In Section 3.3, line 285-287, 78% of the formulas in PMO-2 are found to be common with sample from 
the boundary layer aerosol, and PMO-3 has similarity of 76%. Are 78% and 76% significantly different? 
This piece of information might not be a strong evidence to support the conclusion that PMO-2 was 
largely influenced by North America outflow transported within the boundary layer while PMO-3 was 
not. 
 
As mentioned in the manuscript, there are many species (especially CHO molecular formulas) that are 
present in all samples. In addition, PMO-3 does not have a large number of unique species relative to 
PMO-1 or PMO-2. This is largely due to the sampled air as shown in the retroplume being somewhat 
more diffuse with a less certain path of transport and also origin, than either PMO-1 or PMO-2. Despite 
the large percentage of common species between PMO-3 and the boundary layer sample from Storm Peak 
Laboratory (SPL), PMO-3 had much more in common with a previous free troposphere wildfire sample 
(91%) (September 24, 2012, Dzepina et al., 2015). This suggests PMO-3 is more similar to PMO-1 than 
PMO-2, but there is the potential for a non-negligible influence from the European boundary layer. The 
point of the percentages, was to show that PMO-1 and PMO-3 have more in common with free 
tropospheric wildfire aerosol, than they do with the continental boundary layer aerosol of somewhat 
mixed sources (SPL aerosol).  
 
To clarify, we revised the text (lines 313 – 318): “In fact, when we compared the molecular formula 
composition of the free tropospheric aerosol sample “9/24” from the study by Dzepina et al. (2015) 
to the free tropospheric samples in this study (PMO-1 and PMO-3), we observed that 86% and 
91% of the formulas are common. FLEXPART simulations from both studies suggested these 
samples were all affected by wildfire emissions, contributing to their similarity. In contrast, only 
75% of the formulas found in the boundary layer sample (PMO-2) were common with those in 
Dzepina et al. (2015). These comparisons are provided in Table S2.” 
 
6. In Figure 2, an obvious difference of the three spectra is the much higher fraction of high molecular 
weight materials in PMO-2. Little is discussed about the sources of the high molecular weight compounds 
in the text. Are they from oligomerization? In contrast, Lee et al. [5] observed abundant high molecular 
weight compounds from biomass burning in Canada using an aerosol mass spectrometer. 
 



Considering the percentage of species with a mass greater than 350, PMO-2 actually has the smallest 
percentage of its total formulas in that range both by number of formulas and percentage of total 
abundance. PMO-1 has 70% of its formulas above 350 and PMO-3 has 71% of it formulas in that range, 
and PMO-2 has 64% of the formulas in this range. In terms of percentage of total abundance, they make 
up 63% of PMO-1, 59% of PMO-2, and 65% of PMO-3. These numbers are admittedly similar, but 
PMO-1 and PMO-3 are more similar and are both somewhat higher than PMO-2. These results may 
support the observations made in Lee et al. (2016) regarding high molecular weight compounds from 
biomass burning in Canada.  
 
The main reason why those species (m/z > 350) stand out so much is due to their normalized relative 
abundance, where each measured intensity was normalized by the total ion intensity of the assigned 
molecular formulas in each sample. The implications of this increased O/C and subsequently, oxidation is 
the major focus of this paper and is discussed several times. The tall peaks that really stand out (norm. RA 
> 0.1) only make up 136 of 1349 masses above m/z 350 in PMO-2. Additionally, while analyzing the 
samples, we investigated the potential of SOA type oligomerization, and were unable to find any clear 
evidence, and thus did not include it in this manuscript. Also, interestingly, the fire studied by Lee et al. 
(2016) is likely the same fire that impacted the air mass that intercepted PMO on June 27-28, 2013 
(PMO-1), so the relative increase in higher molecular mass compounds is consistent between the two 
studies. 
 
7. In section 3.5, line 387, "Volatility can also play a role in the phase state". This expression is vague. 
Do the authors mean phase state depends on volatility? Or they both relate to structures of molecules in 
particles? Please make clarification. 
 
The sentence was replaced with the following (Lines 424-426): “In general, lower volatility typically 
inversely correlates with Tg (Shiraiwa et al., 2017) and viscosity. As such it was important to 
estimate the volatility of the PMO aerosol.”   
 
8. In section 3.5, line 392, "This highlights the correlation between O/C and volatility, where volatility is 
expected to decrease as O/C increases." What about fragmentation? 
 
Fragmentation can definitely contribute to both a decrease in O/C and an increase in volatility which 
requires other chemical changes in the compounds, namely a decrease in mass. The general mass ranges 
for all three samples is consistent and so fragmentation is unlikely to be the source of lower O/C in PMO-
1 or PMO-3. Fragmentation may have occurred in PMO-2, helping to contribute to the increased O/C 
value observed, but it does not change the observation that the predicted volatility for the high abundance 
species in PMO-2 was lower than for the high abundance species in PMO-1 or PMO-3, or that the high 
abundance species in PMO-2 were also those with elevated O/C. Furthermore, the estimation of volatility 
includes a term regarding the carbon and oxygen interactions (Donahue et al., 2011; Li et al., 2016) 
indicating a relationship between O/C and volatility. Also, studies have shown a relationship between 
O/C and volatility before (Ng et al., 2011).  
 
To address this, the following has been added (Lines 429-432): 
“This highlights the relationship between O/C and volatility, where volatility is expected to decrease 
as O/C increases when the mass range is constant (Ng et al., 2011); the relationship between oxygen 
and carbon and its effect on volatility is used by both Donahue et al. (2011) and (Li et al., 2016) to 
estimate volatility. Similarly, lower volatility is expected to lead to lower diffusivity in aerosol even 
at elevated RH as demonstrated by Ye et al. (2016).”  

 
 



9. Lastly, how generalizable are these findings in the paper in terms of predicting the oxidation state of 
aerosols having different transport pathways? 
 
We thank the reviewer for this interesting question. The idea of phase state having an impact is likely 
fairly generalizable because it has been shown in several studies to have an impact on the rate of chemical 
reaction in aerosol samples (Koop et al., 2011; Berkemeier et al., 2014; Lignell et al., 2014; Shrivastava et 
al., 2017; Zelenyuk et al., 2017). Thus, it is fair to say that aerosol traveling high in the atmosphere, 
effectively since emission, can be anticipated to have a relatively low oxidation state. However, more 
samples are needed to be studied using multiple ionization modes to get a more complete analysis of what 
is present in these samples.  

Regarding this question we added the following to the manuscript (lines 512-514): 

“More work is needed to better constrain the molecular composition of long range transported 
aerosol and the processes that affect it during transport. The presented results have broader 
implications for the aging of long range transported biomass burning organic aerosol rapidly 
convected to the free troposphere.” 
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