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We would like to thank the referee for the constructive comments and suggestions made to 
improve the manuscript. Our responses are given below. 
 
 
The manuscript describes a reconstruction of chemical composition of refractory material (RM). 
RM is defined as the mass remaining  in aerosol after passing a  thermodenuder (TD) heated to 
300_C. The reconstruction is achieved by comparing RM mass estimated using two methods. The 
first method combines black carbon and TD‐DMPS measurements and uses an assumed particle 
density  to  arrive  refractory  mass  concentration  (RMC).  The  second  method  combines  black 
carbon  (BC) measurements with  an  estimate  of  refractory  organic material,  which  is  derived 
from LVOA  factor  in AMS measurements  assuming  that  a  fixed  fraction  of  LVOA  is  refractory. 
The authors argue that RM measured with the TD system is composed practically completely of 
BC and refractory organics. 
 
There are several major issues that need to be addressed before this manuscript can be accepted 
for publication. 
 
The purpose of the presented work and its general usefulness is unclear. The definition of RM is 
strictly method‐specific. A different TD temperature or a  longer residence  time will produce a 
different  amount  of material  that  remains  in  particles  after  passing  the  TD.  Thus,  the  results 
presented  in  this  paper  are  limited  only  to  TD  systems  that  are  operated  at  the  same 
temperature and residence time.  
 
 
Response: We fully understand the point of view of the referee. However, what he/she criticize 
in terms of “strictly method-specific” it is a common issue for any thermodenuder 
measurement, i.e. not exclusively specific to our work. Every TD measurement needs to opt 
for a specific temperature, residence time etc and the justifications for these parameters might 
differ from case to case. For this reason the working temperature was explicitly mentioned in 
the title of the manuscript as a reference value in order to provide an explicit definition of the 
term “non-volatility” used later on in the manuscript. We also noticeably mentioned 
intercomparison issues of TD measurements in the ACPD manuscript page 26994 line 10-14 
(“[…] Although direct comparisons between the different TD measurement can be strongly 
influenced by the residence time of the particle inside the heated section (An et al., 2007), the 
previous works are in good agreement and confirm that a large fraction of the HULIS are not 
evaporated even after being heated at high temperatures […]”).  
 
Furthermore, we have to apologize for a mistake regarding residence times reporting in the 
manuscript. Based on the heated part of the thermodenuder (500 mm length and 20 mm 
internal diameter), the real residence times were 3.8 to 3.1 seconds for a flow rate of 2.5 and 
3 l/min respectively. It will be corrected. 

 
To provide a solid answer to whether the residence time in the thermodenuder might be 
appropriate for our purposes, we conducted a new experiment using our thermodenuder in 
question in February and March 2014. (This was, by the way, also requested by the second 
referee.) In this experiment, two technically identical mobility particle size spectrometers 
were set up at the research station Leipzig-TROPOS (Germany, urban background), each 
equipped with a technically identical thermodenuder upstream of the size spectrometer. The 



temperature in both thermodenuders was set to 300°C, as during the long-term measurements 
in Melpitz. The flow rate passing through one thermodenuder was kept constant, at 3.0 l/min 
while it ranged between 1 and 10 l/min in the second thermodenuder. Results of this 
sensitivity test reveal that no remarkable effect of thermodenuder flow rate could be seen on 
the remaining aerosol volume concentration, at least for our range of flow rate settings (1-10 
l/min). We therefore see no indication that the residence time in the thermodenuder (3.1 s at 
Q = 3 l/min) would be insufficient to evaporate all particulate volatile material at 300°C. The 
results of this sensitivity test are relevant enough to be included as an Appendix in the 
manuscript and can be found in detail in our answer to the second referee. 
 

As mentioned in the introduction of the manuscript, several studies emphasized that even after 
heating at high temperatures; a remaining organic fraction was measured (e.g. Wu et al., 
2009; Huffman et al., 2009; Huffman et al., 2008; Faulhaber et al., 2009). This clearly 
indicates that a certain part of the particulate organic matter is made of non-volatile 
compounds. Although, only few direct measurements of non-volatile chemical composition 
have been made up to now, there are already a lot of thermodenuder measurements following 
change on aerosol number size distribution. For example, long term measurements made at 
the research station of Melpitz (continuously since 2002) as well as at six stations of the 
German Ultrafine Aerosol Network (GUAN, Birmili et al., 2009) since 2008 use the same type 
of thermodenuder working at a constant temperature of 300°C. Therefore, and as mentioned 
in the conclusion, our results might be extremely helpful to better understand and analyze 
such a dataset.  

The following sentence will be added in the conclusion: “Nevertheless, our results clearly 
indicate that 300°C non-volatile organic matter might represent an important part of the non-
volatile fraction of the atmospheric particles investigated in this work. Considering the 
limitation of our approach (i.e. proper mass balance closure of the ambient PM1 and a minor 
contribution of dust and sea-salt to the total PM1 mass), our findings could be used to 
extrapolate the maximum expected non-volatile organic mass concentration from similar 
setup measurements such as for the long term measurements at Melpitz and within the GUAN 
network”. 

Finally, our work also emphasized a large source of uncertainties resulting from the diameter 
shrink of super-µm particles to sub-µm size range that can strongly contribute to the 
overestimation of the non-volatile mass fraction of the particles. The influence of this artefact 
and the possible solutions to resolve it are also discussed and included in the section 3.4.1 
and the conclusion of our manuscript (“[…] These results highlight the potential cross-
sensitivity of partially volatile coarse mode particles on sub-µm volatility measurements, as 
long as these particles are not removed from the sample, e.g., by a pre-impactor. It might be 
desirable in the future to extend the V-TDMPS with an aerodynamic particles sizer (APS), or 
alternatively remove particles by a pre-impactor .”) 

 
 
The purpose of reconstructing composition of RM, though not explicitly stated, appears 
to be to derive the amount of LVOA from measurements of RM with a TD system if BC 
concentration is known. For example, if 1 ug/m3 of RM is measured with a TD and there 
is  0.3  μg/m3  of  BC,  then,  according  to  the  authors,  there  should  be  0.7  μg/m3  of 
refractory organics. If one uses a mass fraction remaining (MFR) for LVOA of 50%, the 
LVOA concentration can be estimated to be 1.4 μg/m3. This could be useful if one does 
not  have  an  AMS  available.  However,  as  the  authors  point  out  in  the manuscript,  the 



MFR  of  LVOA  could  vary  by more  than  a  factor  of  1.5  (30%  vs.  52%).  Thus,  such  an 
estimate of  LVOA  is bound  to be highly uncertain,  especially  if  one  takes  into account 
uncertainties in measurements of BC, particle density, etc., in addition to the uncertainty 
in MFR.  
 
Response: The referee suggested an interesting approach. However, it was absolutely not 
considered in our manuscript. As mentioned by the referee, such indirect estimation of the 
ambient LV-OOA concentration would strongly depend on the value of the LV-OOA mass 
fraction remaining. Moreover, LV-OOA concentration estimated following this approach 
cannot be used to estimate either total organic mass or help to identify source composition of 
the rest of the organic.  
 
 
If  I have misunderstood the authors and the purpose  is the opposite,  i.e.,  to derive the 
amount  of  RM  from  the  AMS  measurements,  then  it  is  not  clear  how  useful  this 
information  is.  The  authors  seem  to  equate  the  observed MFR  at  300_C with  aerosol 
volatility  (see,  for  example,  the  abstract where  the  authors  state  that  the  aerosol was 
more  volatile  in  summer  than  in  winter).  The  TD  temperature  used  in  this  study, 
however, is more suitable to characterize aerosol stability, not volatility. As the authors 
correctly point out, many  inorganic molecules decompose at  temperatures  lower  than 
200_C. The same is true for organic compounds. The TD temperature used in this study 
is sufficient to break most common organic bonds, see figure 3 in Epstein et al. (Environ. 
Sci.  Technol.  2010,  44,  743–748).  Organic  RM measured  in  this  study  most  probably 
consists  of  decomposition  products  of  high  molecular  weight  compounds  (many  of 
which are admittedly LVOA). The amount of these decomposition products does not say 
much about aerosol volatility or the amount of low volatility compounds.  
 
Response: This is an important semantic point. Thermodenuder and V-TDMPS or V-SMPS 
are usually used to assess the aerosol volatility (e.g. Huffman et al., 2008; Wu et al., 2009; 
Wehner et al., 2002; Wehner et al., 2004; Philippin et al., 2004). 
 
In previous work, Wu et al. (2009) compared the mass spectrum of humic and fulvic acids 
considered as surrogate for LV-OOA at ambient and 300°C. Although some modifications of 
the mass spectra were stated and attributed to the loss of water molecules and a small 
decarboxylation, the structure of the mass spectra was preserved and could still be compared 
to the ambient one. This was confirmed by Huffman et al. (2009) who successfully compared 
PMF results from ambient and coupled ambient-TD measurements and concluded that “any 
degradation of the mass spectra as a result of passage through the TD is compensated by the 
enhanced contrast between the different factors”. Therefore, it appears to be accurate to use 
the ambient LVOOA mass concentration derived by PMF to estimate the non-volatile fraction 
when its remaining mass fraction at a defined temperature is known.  

The text of the section 3.2.3 will be changed as follow: „Previous field measurements, using 
coupled TD-AMS set-up (Huffman et al., 2009) demonstrated that similar factor analysis 
components and time series results were observed when comparing ambient only PMF results 
with joint ambient-TD results. Therefore, it seems to be possible to extrapolate the non-
volatile fraction at a specific temperature from the ambient PMF factors when their MFR at 
this temperature are known. […]. Additionally, changes of the mass spectra of the fulvic and 
humic acids at 300°C compared to the ambient mass spectra were attributed to the loss of 
water molecule and decarboxylation.” 
 



 
The argument that RM is composed of only BC and refractory organics appears to be based 
on a comparison of two estimates, of which one uses a rather arbitrary assumption that the 
density of RM is 1.6 g/cm3, while the other depends on the assumed fraction of RM produced 
by LVOA. The density of graphitic material is 2.2-2.3 g/cm3; that of crustal material is 
similar. Thus, it is not clear why the value of 1.6 g/cm3 was chosen. If this value was chosen 
due to the presence of organic material in RM, it must then depend on the mass fraction of 
organics. This fraction varies not only with location but also with time due to varying 
contributions of different aerosol sources. As the authors show, even at one measurement 
location the refractory fraction of LVOA is not constant and can change by a factor of 1.5. 
The mass closure thus becomes subject to an arbitrary choice of parameters. Even if the 
conclusions presented by the authors are correct, their general applicability is questionable.  
 
Response: The referee mentioned here several of points that will be answered separately. 
- Firstly, as already mentioned, only a small contribution of crustal material and sea-salt 
(both non-detected by AMS) might be expected on the PM1 size range based on mass balance 
estimation (see Fig. 1 on the manuscript) and filter measurements. As mentioned in section 
3.4.1, sea-salt contribution was only observed on some specific days of the winter period in 
the super µm fraction that was not considered in our study (out of the scan range of the 
TDMPS). 
 
-We agree that particle density depends on the aerosol chemical composition as it was done 
for ambient measurements. However, since no direct measurement of the non-volatile 
chemical composition was made, it was not possible to use a similar approach for 
thermodenuder measurements. For this reason a constant value was used. The uncertainty 
due to the fixed density used on the estimation of the V-TDMPS non-volatile mass 
concentration was already included in the manuscript (p27000 l. 1: “Another source of 
uncertainty is the appropriate estimation of the refractory aerosol density. A constant value of 
1.6 g cm-3 was used, thus, changes of the density value will influence the present results.”).  
The sentence will be changed to better considered time and chemical dependency. 
“Another source of uncertainty is the appropriate estimation of the non-volatile aerosol 
density which depends on the chemical composition of the non-volatile aerosol as previously 
seen for ambient measurements. Here a constant density value of 1.6 g cm3 was used, thus, 
changes of the density value will influence the present results. Due to the uncertainty of the 
BC density and the real chemical composition of the non-volatile aerosol, an uncertainty of 
10% can be reasonably expected. Considering the 10% of the V-TDMPS, a global uncertainty 
of 20% for the V-TDMPS mass concentration is estimated.” 
 
-It is absolutely true that providing an estimation of the BC density is quite difficult. As 
mentioned on the manuscript, a BC density of 1.77 g cm-3 was considered to determine the 
ambient particle density in order to convert TDMPS volume concentration into mass 
concentration (Equation 1, from Salcedo et al., 2006). Density of BC is not so well defined in 
the literature compared to the density of, for example, ammonium sulfate or ammonium 
nitrate. The density of the BC depends on the type of BC and the form of the particles 
(aggregate, linear structure, shape…). The reported density values in the literature range 
from more than 2 g cm-3 for pure graphite (Gysel et al., 2011) to lower values of 1 g cm-3 
(Hitzenberger et al., 1999). Moreover, recent studies reported values corresponding mainly to 
the value used in our manuscript. For example, Kondo et al. (2011) reported a density of 1.72 
g cm-3 for fullerene soot, and a density of 1.85 g cm-3 was measured for the amorphous 
graphite (Kiselev et al., 2010). Park et al. (2004) demonstrated that after removing the 
volatile fraction, diesel soot particles have a density of 1.77 g cm-3 independent of the particle 



size in opposition to fresh diesel exhaust particles which have a size dependent density 
varying from 1.27 to 1.78 g cm-3 in a size range of 50 to 220 nm (mobility diameter). Based on 
these different values, a density of 1.77 g cm-3 for BC seems to be a relevant value for ambient 
BC to us. The previous discussion will be added in the supplementary information. 
 
- We do not agree with the referee in that the change on the estimation of the LV-OOA mass 
fraction remaining reflects an uncertainty of 50%. Although similar PMF factor can be 
identified for 2 different measurement periods at the same location, it does not imply that the 
mass spectra of these two factors are ever 100% identical. Some variations on the mass 
spectra can result to changes of the initial sources (e.g. different biomass burning conditions) 
and/or different aging processes. Since the AMS and PMF cannot really describe the 
chemical composition of the organic aerosols, the better way to highlight these variations is 
to follow their oxidation level. Ng et al. (2010) summarized the changes in the oxidation level 
of different PMF factors obtained during several field campaigns over the northern 
hemisphere in a triangle space. The less oxygenated compounds are falling in the bottom of 
the triangle while during aging processes the OA tend to reach the top of the triangle space. 
Comparing factor analysis results of 25 AMS measurements across Europe, Crippa et al. 
(2014) provided an excellent demonstration of the diversity of the LV-OOA factor (Fig. SI-4 in 
Crippa et al., 2014). These differences between similarly identified factors might also lead to 
changes in the physical properties of the factors like hygroscopicity and volatility (Jimenez et 
al., 2009). Consequently, to better answer this question, the two LV-OOA mass spectra were 
compared in the Ng’s triangle space. Results show that during winter, the LV-OOA was 
slightly more oxygenated than during summer which is in agreement with the idea that 
volatility of organic aerosol decrease with increase in the oxidation level (Jimenez et al., 
2009). Consequently, changes of the volatility properties of the LV-OOA have to be 
considered as principally resulting from the differences in chemical composition (illustrated 
by the oxidation level of the factor) rather than related to solely uncertainties on the 
determination of the LV-OOA volatility. 

 

The manuscript will be changed as follow: 

“Differences in the volatility properties of the two LV-OOA factors may result from the 
difference in their oxidation states. To check this hypothesis, mass spectra differences were 
highlighted and plotted in Figure 7, f44 (the fraction of m/z44 to total organic mass spectra) 
vs. f43 (the fraction of m/z 43 to total organic mass spectra) in the triangular space presented 
by Ng et al. (2010). This triangle plot represents a simple and practical approach to compare 
different organic factors with different oxidation levels since they will fall in different area of 
the triangle. The less oxidized factors (e.g. HOA) are usually present in the bottom of the 
triangle whereas the most oxidized factors (e.g. LV-OOA) are usually present in the upper 
part of the triangle. The top part of the triangle tend to suggest that SOA oxidation level 
become more and more similar after long aging processes (Ng et al., 2010). Comparing the 
position of each LV-OOA factor highlights that winter LV-OOA was located slightly above 
the summer LV-OOA indicating that winter LV-OAA was more oxygenated than the one in 
summer. This small difference in term of oxidation state might explain the observed change in 



the volatility properties of the two LV-OOA factors and the fact that the less volatile factor 
(winter time, MFR 52%) is also the one with the highest oxidation level.” 

 

 

 

Figure 7: f44 vs. f43 of each LV-OOA factors in the triangle space determined by Ng et al. 
(2010). The green points referred to the average values (+/- standard deviation) of factors 
used by Ng et al. (2010). Red triangle and numbers referred to different examples of LV-OOA 
factors (1: Hersey et al., 2011, 2: Lanz et al., 2007, 3: Ulbrich et al., 2009, 4: Robinson et al., 
2011, 5: Crippa et al., 2013) illustrating the individual variability of LV-OOA. 

 

Additionally, the sentence in the abstract was modified to: “Our results suggest that LV-OOA 
was more volatile in summer (May-June 2008) than in winter (February/March 2009) which 
was linked to a difference in oxidation levels (lower in summer).” 

 
 
The authors argue that a good correlation between the two estimates indicates that their 
hypothesis  is  correct,  i.e.,  that  the  refractory  material  consists  of  BC  and  refractory 
organics. However,  there could be other components  in RM that  correlate  tightly with 
either BC or refractory organics. If this is the case (and the authors do not provide any 
proof  that  it  is  improbable),  a  good  correlation  between  the  two  estimates would  be 
preserved, but RM would contain other material in addition to BC and organics.  
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Response: We agree with this point. However, possible contribution of unconsidered non-
volatile material was mentioned and discussed in the ACPD manuscript for example at the 
end of section 3.2.2 (“It can be thought that other inorganic compounds, such as chloride, 
sodium, calcium, potassium, or magnesium remain in the particulate phase at 300°C”) as 
well as later on section 3.4.2. (“Therefore, the presence of non-detected compounds like 
crustal material and/or sea-salts has to be considered. As previously mentioned, the 
contribution of non-measured inorganic ions represents 13% of the total PM2.5 mass 
concentration in May/June 2008 and 4% of the total PM1 mass concentration in 
February/March 2009. Additionally, identified species of daily PM1 filter explain on average 
80 ± 12% of the total filter mass in February/March 2009. Consequently, it is reasonable to 
consider that chemical particle composition was usually fully explained and that, finally, the 
non-considered compounds might have a small influence on the reconstruction of the 
refractory fraction within the uncertainties of the measurements. However, as mentioned 
earlier for the ambient mass closure, uncertainties on the MAAP and AMS measurements 
have also to be considered here).” 
 
Therefore, our non-volatile OA mass concentrations corresponds more to the maximum 
refractory organics mass concentration that might be expected. It will be mentioned in the 
conclusion as follow: “Since contribution of undetected and non-volatile compounds (e.g. 
dust, other inorganic ions) cannot be completely excluded, the present non-volatile OA values 
have to be considered as the upper limit that might be expected for each period." 
 
 
 
The  authors  contradict  their  hypothesis  when  they  discuss  marine‐influenced  air 
masses.  If  there  was  indeed  a  significant  contribution  of  marine  aerosol  to  the  fine 
fraction, then there should also be a significant contribution of sodium chloride and/or 
sodium sulfate. The argument that sodium hydrate is volatile is not tenable, because the 
only  part  that  volatilizes  is  water,  while  sodium  sulfate  remains  in  the  particles  (its 
melting and boiling points are above 1000_C). Sodium sulfate comprises about 44% of 
sodium  decahydrate mass.  Thus,  if  there was  a  significant  contribution  of marine  air, 
there  should  be  a  significant  contribution  of  sodium  salts  to  RM.  The  argument  that 
there was a significant processing of marine aerosol and (probably) a large contribution 
of highly oxygenated organics is also tenuous – why would this secondary organics differ 
from other aged air masses that are not marine‐influenced?  
 
Response: There seems to be a misunderstanding here on different particles size ranges (PM1 
and PM2.5). As mentioned in the manuscript during winter campaign, chloride, sodium, 
calcium, potassium and magnesium all together represent around 4% of the total PM1 mass. 
Consequently for the winter period, no significant marine particles can be expected in the 
submicron size range (PM1). The marine aerosols mentioned in the manuscript and by the 
referee are located in the range 1-2.5µm, as demonstrated by impactor measurements 
presented in supplementary information which is outside of the scanning range of the V-
TDMPS (< 800 nm). The discussion on the influence of marine air mass to the volatility 
measurements was made in order to explain the observed increase of the volume 
concentration for non-volatile particles mostly larger than 400 nm. The presence of these 
non-volatile particles was related to periods with the highest super-µm concentrations that 
typically happened under marine air masses influence during the winter time. These particles 
represent an important source of artefact for our volatility measurements since 1- there is no 
size cutting before the TD and consequently the entire PM10 size range particles were 
introduced inside the TD and 2- the volume/mass fraction remaining is calculated as the ratio 



between volatility-TDMPS to ambient-TDMPS measurements with for each case has an upper 
size cutting of 800 nm. Consequently, when ambient particle larger than 800 nm (i.e. typically 
in our example marine particles) shrink to below 800 nm after passage through the TD, they 
will be counted by the V-TDMPS measurements and NOT by the ambient TDMPS leading to a 
strong overestimation of the volume fraction remaining as show in Fig. 2. In order to better 
consider this artefact for future volatility measurements; recommendations were explicitly 
made to the community for future V-TDMPS measurements. 
 
- We thank the referee for her/his comment regarding the sodium sulfate volatility, this will be 
corrected. 
 
- No on-line measurements of neither the volatility nor the absolute organic chemical 
composition of the super-µm particles was made and the discussion on the organic acids 
(p26997 l. 13 and following) was only made based on available literature to illustrate which 
compounds could be expected from the non-volatile super-µm aged marine particles. Several 
studies demonstrated that in the presence of sea-salt, organic acids could be present as 
sodium salts. Our laboratory measurements of succinic acids and disodium succinic acid 
highlight a huge difference in term of volatility between these two forms of succinic acid (the 
first one is semi-volatile and fully evaporated at 65°C while the second one present a MFR of 
40% after passing the thermodenuder at 300°C) (Wu et al., 2009). This point appears to be 
important to emphasize since it can provide some idea on the non-volatile organic fraction of 
the super-µm particles and also suggests that volatility of organic compounds might be 
strongly influence by the sea-salt content of the particles. However, we are convinced that this 
is only some possible explanation and suggestion, and that more studies on the link between 
aerosol volatility and chemical composition in marine areas are needed. 
 
The sentence was modified as follow: “Although a strong influence of the super-µm particles 
on the V-TDMPS measurements was clearly identify, it is not possible to provide a clear 
picture of the chemical composition of this non-volatile fraction, and to confirm or reject the 
presence of sodium salts in the resulting super-µm non-volatile fraction. This is because; no 
direct measurements of either super-µm particles or the aerosol chemical composition 
downstream of the TD were performed. The previous discussion based on laboratory 
volatility measurements and literature values indicates that the volatility of the marine 
particles can largely differ from those of continental origin.” 
 
 
 
The  calculated  MFR  is,  as  the  authors  admit,  overestimated  if  the  same  upper  size 
integration  limit  (800 nm)  is used  to  calculate  integrated volume of both original  and 
thermodenuded aerosol. The authors thus propose to use a rather arbitrary boundary of 
400  nm.  A  better  method  of  correcting  for  the  contribution  of  large  particles  is  to 
calculate a new upper boundary for TD aerosol as dup =MFR1/3 800, then integrate TD 
size distribution to dup, calculate new MFR, and repeat these steps until changes in MFR 
become negligible with each additional  iteration step (Stanier  et al., 2004, Aerosol Sci. 
Technol.,  38,  215–228).  The  authors  should  recalculate  all  the  MFR  data  using  that 
method and reanalyze the data. 
 
Response: We thank the referee for the interesting suggestion. The upper size cutting of 400 
nm for the volatility measurements was not arbitrary selected. As mention in section 3.4.1 and 
in Figures 6 and 7, during both measurements periods, mean ambient particle size 
distribution showed a maximum below 400 nm. After passage through the thermodenuder, 



these particles will shrink to smaller size range. However, mean thermodenuder size 
distribution present a systematic increase of the aerosol concentration for particles larger 
than 400 nm. Since this size range (400 – 800 nm) was not present in ambient measurements, 
such an effect might result from either a diameter shrink of particles with diameter larger 
than 800 nm after passing the thermodenuder, or the presence of externally mixed particles 
made of pure non-volatile material.  
Since super-µm particles were not measured in the ambient mode by the TDMPS (upper size 
range of 800 nm) counting of such particles by the V-TDMPS will lead to an overestimation 
of the non-volatile fraction.  
As proposed by the referee, we investigated the upper size range of the volatility 
measurements based on the equation 2 of Stanier et al. (2004). A mean upper size range of 
385+/- 40 nm and 441 +/- 77 nm was found for the summer and winter campaigns, 
respectively, which were in agreement with our estimation. The non-volatile volume 
concentration was recalculated for every sampling point according to the corresponding 
upper size range and our results were corrected according to the new estimation of the non-
volatile fraction. The resulting non-volatile volume concentrations differ in average by less 
than 1% for the summer period and by 8% for the winter one.  
 

The following description of this new approach will be included in the manuscript: “Since 
this artefact is strongly depending on the ambient super-µm particles concentration, a time 
dependent estimation of this contribution has to be made. Therefore, estimation of the upper 
size range of the TD measurements was made derived from the approach proposed by Stanier 
et al. (2004) for hygroscopicity measurements (equation 2).  

 

                (2) 

 

where, dmax represents the upper size range considered for the V-TDMPS measurements; 
d800= 800 nm the upper size range of the ambient TDMPS and VFR800 is the volume fraction 
remaining calculated using the entire V-TDMPS size range previously described. The time 
series of the dmax value of each campaign is included in Figure 6. A mean upper size range of 
385+/- 40 nm and 441 +/- 77 nm was found for the summer and winter campaigns 
respectively, in agreement with our estimation of an upper size cutting of 400 nm. According 
to that, the NVMC was recalculated using the obtained time dependent upper size range 
(Figures 3 to 6). ” 
 
 
 
 
 
Minor comments and corrections: 
 
p.26986, l.25: change “transmission” to “transport” 
 
Response: We disagree with the referee comment here. The official denomination of EMEP is 
“Co-operative programme for monitoring and evaluation of the long-range transmissions of 
air pollutants in Europe” as can be seen on the official website of the programme 
(www.emep.int)  
 
 



p.26992, l.2: remove “as” 
 
Response: removed 
 
 
 
p.26996, l.9-12: One cannot make such a conclusion using the presented data. As Figure 7 
shows, dV/dLogD of RM at any size larger than about 200 nm (and probably at smaller sizes 
too) is smaller than that of the original aerosol. If the aerosol is externally mixed with respect 
to RM, the measured RM size distribution would remain the same after the TD, but the 
volatile material would evaporate. The authors do not have enough evidence to prove 
otherwise. 
 
Response: The referee is right in commenting that we lack some essential information, 
notably on particle external mixture. We agree that the increase in non-volatile volume size 
distribution above 400 nm in Fig. 7 could, in principle, be explained by two rather different 
mechanisms: 1) say, there is a drastic change in external particle mixture at around 400 nm, 
with particles between 400 and 800 nm (and maybe even further above that diameter) 
containing a significantly higher fraction of entirely non-volatile particles. This would explain 
such an increase in non-volatile volume with increasing size. One could imagine such an 
effect to be caused by the presence of refractory dust particles, for example, in the sample 
aerosol. Option 2) would be the hypothesis that we outlined the shrinking of partially volatile 
particles with initial diameters bigger than 800 nm into the size range measurable by the V-
TDMPS instrument. 
For us, the reason to believe in hypothesis 2) is the conspicuous coincidence of the rather few 
episodes when the effect was observable, with the clear presence of maritime air masses that 
carried a measurable excess in chemical compounds pointing towards coarse particle sea 
spray as measured by Berner impactor measurements presented in supplementary 
information. Based on the existing long-term experience with chemical composition 
measurements at Melpitz, it appears extremely unlikely to us that it would be exactly those 
maritime air masses that would contain drastically enhanced fractions of entirely non-volatile 
particles, such as mineral dust or carbonaceous in sub-µm particles. (Indeed, the experience 
of long-term measurements at Melpitz tells that maritime airs contain rather low fractions of 
dust or carbonaceous particles). 
With hindsight, our conclusion was probably formulated with too little reflection in the text. 
We will therefore better explain our hypothesis in the revised version of the text, meanwhile 
pointing out that there is a certain deal of speculation involved. We believe that this effect, 
which we identified in the data is of strong relevance for the interpretation of long-term time 
series of the non-volatile particle volume, and thus prefer to keep the corresponding 
discussion within the revised manuscript. 
 
The text will be modified to:”The non-volatile particles bigger than 400 nm might results 
either to a drastic change in external particle mixture with particles between 400 and 800 nm 
containing a significantly higher fraction of entirely non-volatile particles or to the shrinking 
of partially volatile particles with initial diameters bigger than 800 nm into the size range 
measurable by the V-TDMPS instrument. Presence of such particle was related to few 
episodes identify as corresponding to marine air masses (figure SI-3). Comparing the 5-
stages Berner impactor samples performed for these specific days to the ones obtained during 
other air masses influence (Figure SI-4), emphasize the presence of a large coarse mode 
fraction during marine air masses (Figure SI-4). It is therefore our conclusion that the high 
value of measured NVMC can be influenced by marine super-µm particles which shrink 



during passage through the TD and move into the sub-µm measurement range of the TDMPS. 
However, in absence of direct measurement of the mixing state of the particle, we cannot 
completely exclude a minor influence of the mixing state of the particles. In some sense, this is 
a measurement artifact because these particles can only be detected by the TDMPS 
downstream of the thermodenuder, not upstream.”  
 
 
p.26996, l.13: remove “principally” 
 
Response: removed 
 
 
 
p.26997, l.4: replace “more under continental” with “under stronger continental” 
 
Response: replaced 
 
 
 
p.26998, l.2‐3: I do not think that a change in VFR from 11 
 
Response: It seems that a part of the comment is missing. However, we supposed that this 
comment was related to the change on the upper size cutting of the TD measurement to the 
mean VFR. In order to improve this point, the sentence will be revised as follow: 
“The corrected results reveal that in average the VFR is still under the uncertainties of values 
obtained using the entire V-TDMPS size range (VFR(dmax) = 8±2% and 12±7% for 2008 and 
2009, respectively).This indicates that during some specific periods, the upper size range of 
the V-TDMPS plays an important role in the estimation of the VFR. This is confirming our 
hypothesis that during such period, the presence of an artefact coming from shrinking of the 
super-µm particles to sub-µm size range when crossing the TD must be considered.” 
 
 
p.26998, l.9: replace “in averaged for” with “on average” 
 
Response: replaced 
 
 
 
p.26998, l.23‐24: Here the authors say that 13% and 4% refer to “the total mass”, while 
the same numbers were attributed to “the total inorganic mass” on p.26993, l.1. Which 
one  is  correct?  It  should be also noted  that  the  total mass of  crustal material  is  larger 
than the mass of ions due to the presence of oxygen in oxides of metals and carbonates. 
Since  the  authors  refer  to  ions,  I  assume  filters  were  analyzed  using  ion 
chromatography.  If  this  is  the case, water‐insoluble compounds would not be detected 
during the analysis. 
 
Response: We thank the referee to point out this error. We effectively referred to the total 
inorganic mass and not the total mass. Moreover, the unconsidered ions (chloride, sodium, 
calcium, potassium and magnesium) represent on average during the sampling periods 2.5% 
of the measured PM1mass for winter time and 1.8% of the measured PM2.5 mass for the 
summer time which are confirming their low contribution to the mass balance of the non-



volatile PM1.Consequently, sentence on p26998, l.23-24 will be changed to “The contribution 
of non-considered water soluble inorganic ions (e.g. other water soluble ions like Ca2+, Na+, 
Mg2+ and K+) represents on averaged, 1.8% of the measured PM2.5 mass concentration in 
May/June 2008 and 2.5% of the measured PM1 mass in February/March 2009”. 
 
The sentence p26993 l.1 will also be changed to “Specifically, chloride, sodium, calcium, 
potassium and magnesium accounted for around 8% of the total identified inorganic PM2.5 
concentration and for around 4% of the identified inorganic PM1 mass”. 
 

It is also true that all of our off-line ions measurements referred only to the water soluble ions 
and consequently non-water soluble ions are part of the non-explained fraction of the filter. It 
will be explicitly mentioned in the description of the off-line measurements as follow “Filters 
were weighted for the total particle mass and water soluble inorganic cations and anions as 
well as OC and EC were determined. Details on the different analytical methods and results 
for these two specific periods can be found in Spindler et al. (2010). Water insoluble ions, 
dust and metals were not measured and consequently contribute to the non-explained mass 
fraction of filters. On averaged, a mass recovery of around 82% was obtained for the PM1 
filters during winter time and 62% for the PM2.5 filters during summer time. The lower 
recoveries value of the PM2.5 filters compared to the PM1 might be attributed to a larger 
contribution of crustal materials in the PM2.5 size range compared to the one in PM1” 
 
 
 
p.26998, l.15: replace “in opposite” with “in contrast” 
 
Response: replaced 
 
 
 
p.26999, l.19: “change of” 
 
Response: corrected 
 
 
 
p.26999, l.23: “upper size cut” 
 
Response: corrected 
 
 
 
p.26999, l.25: replace “is depending” with “depends” 
 
Response: replaced 
 
 
 
p.27000, l.3: remove “consequently,” 
 
Response: removed 
 



 
 
p.27000, l.13: replace “supplied” with “supplemented” 
 
Response: replaced 
 
 
 
p.27000, l.14: replace “might be” with “are” 
 
Response: replaced 
 
 
 
p.27001, l.6: replace “on oxidation states” with “of oxidation state” 
 
Response: corrected 
 
 
 
p.27001, l.9: replace “on” with “of” 
 
Response: replaced 
 
 
 
p.27001, l.14: Remove the last sentence because there is nothing in the manuscript that 
supports it. 
 
Response: removed 
 
 
 
Figure 5 caption: “the measured RMC” is confusing because it is not directly measured, it 
is  estimated  using  an  assumed  density.  I  suggest  using  RMCBC,AMS  and  RMCDMPS 
instead  of  “RMCest”  and  “RMCmeas”  throughout,  because  both  parameters  are  partly 
based on measurements and estimates. The estimate based on the DMPS should not be 
referred to as “measured” in other parts of the manuscript either. 
 
Response: The nomenclature was changed to NVMCchem and NVMCV-TDMPS instead of RMCest 
and RMCmeas.  
 
 
 
Reference 

An, W. J., Pathak, R. K., Lee, B. H., and Pandis, S. N.: Aerosol volatility measurement using 
an improved thermodenuder: Application to secondary organic aerosol, J. Aerosol Sci., 38, 
305-314, doi 10.1016/j.jaerosci.2006.12.002, 2007. 
 



Birmili, W., Weinhold, K., Nordmann, S., Wiedensohler, A., Spindler, G., Müller, K., 
Herrmann, H., Gnauk, T., Pitz, M., Cyrys, J., Flentje, H., Nickel, C., Kuhlbusch, T. A. J., and 
Löschau, G.: Atmospheric aerosol measurements in the German Ultrafine Aerosol Network 
(GUAN): Part 1 - soot and particle number size distribution, Gefahrst. Reinh. Luft., 69, 137-
145, 2009. 
 
Crippa, M., DeCarlo, P. F., Slowik, J. G., Mohr, C., Heringa, M. F., Chirico, R., Poulain, L., 
Freutel, F., Sciare, J., Cozic, J., Di Marco, C. F., Elsasser, M., Nicolas, J. B., Marchand, N., 
Abidi, E., Wiedensohler, A., Drewnick, F., Schneider, J., Borrmann, S., Nemitz, E., 
Zimmermann, R., Jaffrezo, J. L., Prévôt, A. S. H., and Baltensperger, U.: Wintertime aerosol 
chemical composition and source apportionment of the organic fraction in the metropolitan 
area of Paris, Atmos. Chem. Phys., 13, 961-981, doi 10.5194/acp-13-961-2013, 2013. 
 
Crippa, M., Canonaco, F., Lanz, V. A., Äijälä, M., Allan, J. D., Carbone, S., Capes, G., 
Ceburnis, D., Dall'Osto, M., Day, D. A., DeCarlo, P. F., Ehn, M., Eriksson, A., Freney, E., 
Hildebrandt Ruiz, L., Hillamo, R., Jimenez, J. L., Junninen, H., Kiendler-Scharr, A., 
Kortelainen, A. M., Kulmala, M., Laaksonen, A., Mensah, A. A., Mohr, C., Nemitz, E., 
O'Dowd, C., Ovadnevaite, J., Pandis, S. N., Petäjä, T., Poulain, L., Saarikoski, S., Sellegri, K., 
Swietlicki, E., Tiitta, P., Worsnop, D. R., Baltensperger, U., and Prévôt, A. S. H.: Organic 
aerosol components derived from 25 AMS data sets across Europe using a consistent ME-2 
based source apportionment approach, Atmos. Chem. Phys., 14, 6159-6176, doi:10.5194/acp-
14-6159-2014, 2014. 
 
Faulhaber, A. E., Thomas, B. M., Jimenez, J. L., Jayne, J. T., Worsnop, D. R., and Ziemann, 
P. J.: Characterization of a thermodenuder-particle beam mass spectrometer system for the 
study of organic aerosol volatility and composition, Atmos. Meas. Tech., 2, 15-31, 2009. 
 
Gysel, M., Laborde, M., Olfert, J. S., Subramanian, R., and Grohn, A. J.: Effective density of 
Aquadag and fullerene soot black carbon reference materials used for SP2 calibration, Atmos. 
Meas. Tech., 4, 2851-2858, doi 10.5194/amt-4-2851-2011, 2011. 
 
Hersey, S. P., Craven, J. S., Schilling, K. A., Metcalf, A. R., Sorooshian, A., Chan, M. N., 
Flagan, R. C., and Seinfeld, J. H.: The Pasadena Aerosol Characterization Observatory 
(PACO): chemical and physical analysis of the Western Los Angeles basin aerosol, Atmos. 
Chem. Phys., 11, 7417-7443, DOI 10.5194/acp-11-7417-2011, 2011. 
 
Hitzenberger, R., Jennings, S. G., Larson, S. M., Dillner, A., Cachier, H., Galambos, Z., Rouc, 
A., and Spain, T. G.: Intercomparison of measurement methods for black carbon aerosols, 
Atmos. Environ., 33, 2823-2833, 1999. 
 
Huffman, J. A., Ziemann, P. J., Jayne, J. T., Worsnop, D. R., and Jimenez, J. L.: Development 
and characterization of a fast-stepping/scanning thermodenuder for chemically-resolved 
aerosol volatility measurements, Aerosol Sci. Technol., 42, 395-407, 
doi:10.1080/02786820802104981, 2008. 
 
Huffman, J. A., Docherty, K. S., Aiken, A. C., Cubison, M. J., Ulbrich, I. M., DeCarlo, P. F., 
Sueper, D., Jayne, J. T., Worsnop, D. R., Ziemann, P. J., and Jimenez, J. L.: Chemically-
resolved aerosol volatility measurements from two megacity field studies, Atmos. Chem. 
Phys., 9, 7161-7182, 2009. 
 



Jimenez, J. L., Canagaratna, M. R., Donahue, N. M., Prevot, A. S. H., Zhang, Q., Kroll, J. H., 
DeCarlo, P. F., Allan, J. D., Coe, H., Ng, N. L., Aiken, A. C., Docherty, K. S., Ulbrich, I. M., 
Grieshop, A. P., Robinson, A. L., Duplissy, J., Smith, J. D., Wilson, K. R., Lanz, V. A., 
Hueglin, C., Sun, Y. L., Tian, J., Laaksonen, A., Raatikainen, T., Rautiainen, J., Vaattovaara, 
P., Ehn, M., Kulmala, M., Tomlinson, J. M., Collins, D. R., Cubison, M. J., E, Dunlea, J., 
Huffman, J. A., Onasch, T. B., Alfarra, M. R., Williams, P. I., Bower, K., Kondo, Y., 
Schneider, J., Drewnick, F., Borrmann, S., Weimer, S., Demerjian, K., Salcedo, D., Cottrell, 
L., Griffin, R., Takami, A., Miyoshi, T., Hatakeyama, S., Shimono, A., Sun, J. Y., Zhang, Y. 
M., Dzepina, K., Kimmel, J. R., Sueper, D., Jayne, J. T., Herndon, S. C., Trimborn, A. M., 
Williams, L. R., Wood, E. C., Middlebrook, A. M., Kolb, C. E., Baltensperger, U., and 
Worsnop, D. R.: Evolution of organic aerosols in the atmosphere, Science, 326, 1525-1529, 
doi 10.1126/science.1180353, 2009. 
 
Kiselev, A., Wennrich, C., Stratmann, F., Wex, H., Henning, S., Mentel, T. F., Kiendler-
Scharr, A., Schneider, J., Walter, S., and Lieberwirth, I.: Morphological characterization of 
soot aerosol particles during LACIS Experiment in November (LExNo), Journal of 
Geophysical Research-Atmospheres, 115, D11204, doi 10.1029/2009jd012635, 2010. 
 
Kondo, Y., Sahu, L., Moteki, N., Khan, F., Takegawa, N., Liu, X., Koike, M., and Miyakawa, 
T.: Consistency and Traceability of Black Carbon Measurements Made by Laser-Induced 
Incandescence, Thermal-Optical Transmittance, and Filter-Based Photo-Absorption 
Techniques, Aerosol Sci. Technol., 45, 295-312, doi 10.1080/02786826.2010.533215, 2011. 
 
Lanz, V. A., Alfarra, M. R., Baltensperger, U., Buchmann, B., Hueglin, C., and Prévôt, A. S. 
H.: Source apportionment of submicron organic aerosols at an urban site by factor analytical 
modelling of aerosol mass spectra, Atmos. Chem. Phys., 7, 1503-1522, 2007. 
 
Ng, N. L., Canagaratna, M. R., Zhang, Q., Jimenez, J. L., Tian, J., Ulbrich, I. M., Kroll, J. H., 
Docherty, K. S., Chhabra, P. S., Bahreini, R., Murphy, S. M., Seinfeld, J. H., Hildebrandt, L., 
Donahue, N. M., DeCarlo, P. F., Lanz, V. A., Prevot, A. S. H., Dinar, E., Rudich, Y., and 
Worsnop, D. R.: Organic aerosol components observed in Northern Hemispheric datasets 
from Aerosol Mass Spectrometry, Atmos. Chem. Phys., 10, 4625-4641, doi:10.5194/acp-10-
4625-2010, 2010. 
 
Park, K., Kittelson, D. B., Zachariah, M. R., and McMurry, P. H.: Measurement of inherent 
material density of nanoparticle agglomerates, Journal of Nanoparticle Research, 6, 267-272, 
2004. 
 
Philippin, S., Wiedensohler, A., and Stratmann, F.: Measurements of non-volatile fractions of 
pollution aerosols with an eight-tube volatility tandem differential mobility analyzer 
(VTDMA-8), J. Aerosol Sci., 35, 185-203, doi 10.1016/j.jaerosci.2003.07.004, 2004. 
 
Robinson, N. H., Hamilton, J. F., Allan, J. D., Langford, B., Oram, D. E., Chen, Q., Docherty, 
K., Farmer, D. K., Jimenez, J. L., Ward, M. W., Hewitt, C. N., Barley, M. H., Jenkin, M. E., 
Rickard, A. R., Martin, S. T., McFiggans, G., and Coe, H.: Evidence for a significant 
proportion of Secondary Organic Aerosol from isoprene above a maritime tropical forest, 
Atmos. Chem. Phys., 11, 1039-1050, doi 10.5194/acp-11-1039-2011, 2011. 
 
Salcedo, D., Onasch, T. B., Dzepina, K., Canagaratna, M. R., Zhang, Q., Huffman, J. A., 
DeCarlo, P. F., Jayne, J. T., Mortimer, P., Worsnop, D. R., Kolb, C. E., Johnson, K. S., 
Zuberi, B., Marr, L. C., Volkamer, R., Molina, L. T., Molina, M. J., Cardenas, B., Bernabe, R. 



M., Marquez, C., Gaffney, J. S., Marley, N. A., Laskin, A., Shutthanandan, V., Xie, Y., 
Brune, W., Lesher, R., Shirley, T., and Jimenez, J. L.: Characterization of ambient aerosols in 
Mexico City during the MCMA-2003 campaign with Aerosol Mass Spectrometry: results 
from the CENICA Supersite, Atmos. Chem. Phys., 6, 925 - 946, 2006. 
 
Spindler, G., Bruggemann, E., Gnauk, T., Gruner, A., Muller, K., and Herrmann, H.: A four-
year size-segregated characterization study of particles PM10, PM2.5 and PM1 depending on 
air mass origin at Melpitz, Atmos. Environ., 44, 164-173, 
doi:10.1016/j.atmosenv.2009.10.015, 2010. 
 
Stanier, C. O., Khlystov, A. Y., Chan, W. R., Mandiro, M., and Pandis, S. N.: A method for 
the in situ measurement of fine aerosol water content of ambient aerosols: The dry-ambient 
aerosol size spectrometer (DAASS), Aerosol Sci. Technol., 38, 215-228, doi 
10.1080/02786820390229525, 2004. 
 
Ulbrich, I. M., Canagaratna, M. R., Zhang, Q., Worsnop, D. R., and Jimenez, J. L.: 
Interpretation of organic components from Positive Matrix Factorization of aerosol mass 
spectrometric data, Atmos. Chem. Phys., 9, 2891-2918, 2009. 
 
Wehner, B., Philippin, S., and Wiedensohler, A.: Design and calibration of a thermodenuder 
with an improved heating unit to measure the size-dependent volatile fraction of aerosol 
particles, J. Aerosol Sci., 33, 1087-1093, 2002. 
 
Wehner, B., Philippin, S., Wiedensohler, A., Scheer, V., and Vogt, R.: Variability of non-
volatile fractions of atmospheric aerosol particles with traffic influence, Atmos. Environ., 38, 
6081-6090, doi 10.1016/j.atmosenv.2004.08.015, 2004. 
 
Wu, Z., Poulain, L., Wehner, B., Wiedensohler, A., and Herrmann, H.: Characterization of the 
volatile fraction of laboratory-generated aerosol particles by thermodenuder-Aerosol Mass 
Spectrometer coupling experiments, J. Aerosol Sci., 40, 603-612, 
doi:10.1016/j.jaerosci.2009.03.007, 2009. 
 
 


