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Response to reviewer 3 

General comments: 
This manuscript reported datasets of carbon isotopes (13C and 14C) of OC and EC in a major 
inland city of China, Xi’an, during one-year sampling, which were used to study the source 
apportionment of carbonaceous aerosols by combining 13C and 14C with Bayesian Markov chain 
Monte Carlo (MCMC) scheme. The data and methodology are reliable and novel. This paper shed 

some new light on the source apportionment of carbonaceous aerosols by distinguishing coal and 
liquid fossil fuel contributions to EC, C3 and C4 plant to biomass burning. The paper is relatively 

well-written, and it should be acceptable for publication after some moderate to major revision. 

Response: We appreciate the constructive suggestion. We carefully considered all the comments 
of the reviewer in the revised manuscript. 

Major points: 1. Be clear re mean or median values of source contribution, E.g., P1/L23, the 45% 

and 31% are median values in Figure 4. Need to be consistent in the manuscript.  

Response: We agree with the reviewers that the mean or median values of source contribution is 

not clear enough to readers. Throughout the manuscript, the average with one standard deviation 
is used to represent the best estimate and uncertainties of radiocarbon results, respectively, as 

stated in Sect. 2.5: Source apportionment methodology using 14C (page 8 line 1–2). Thus, we used 
the average and one standard deviation for fbb(EC), ffossil(EC), fnf(OC), ffossil(OC), ECbb, ECfossil, 
OCnf and OCfossil throughout the manuscript.  

For EC source apportionment results derived from the MCMC model (Sect 2.6), the median was 
used to represent the best estimate of the contribution of any particular source to EC. 
Uncertainties of this best estimate are expressed as inter-quartile range and 95 % range of 

corresponding PDF, as stated on page 14 line 19–20: “The median was used to represent the best 
estimate of the contribution of any particular source to EC. Uncertainties of this best estimate are 

expressed as inter-quartile range and 95 % range of corresponding PDF.” 

The revision in the abstract lines (page 1, line 22): 

 “relative contributions from coal combustion and liquid fossil fuel combustion are 
estimated as 45 % (median; 29–58 %, interquartile range) and 31 % (18–46 %) in 

winter” 

The revised texts show that (page 14 line 21–23): 

 “For both MCMC4 and MCMC3, the MCMC-derived fraction of biomass burning EC 
(fbb, median with interquartile range calculated by Eq. (7)) is similar to that obtained 
from radiocarbon data (fbb(EC), average with one standard deviation by Eq. (3)) as both 
of them are well-constrained by F14C. ” 

The revised caption of Fig. S9: 
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Figure S9. Comparison between the MCMC-derived fraction of biomass burning EC 
(fbb derived from MCMC4) and that obtained from radiocarbon data (14C-based fbb(EC)). 
Average and one standard deviation is shown for fbb(EC), median with interquartile 
range is shown for fbb . fbb derived from MCMC3 is also very similar to fbb(EC).”  

Also, we checked the rest of the manuscript with care. When the MCMC results are discussed, 
the median with the interquartile range is clearly stated (e.g., page 15, line 4–5; page 18, line 25; 
Table 2; Fig. 5). We believe that after revision, the mean and median of the source apportion 
results is clear.  

2. The flow of introduction is not well organized, and some part of the 14C introduction should be 
moved to the method part. I suggest re-organization and strengthening of the scientific objectives 
of this study in the introduction. In addition, you need to explain why we need to further 

distinguish the coal and fuel combustion in EC but not OC? Fossil sources contribute averagely 
46% to OC based on your results, so it is important.  

Response: We improved the introduction according to the comments and suggestions by the 
reviewer (page 2, line 2–23). The question regarding the 14C introduction is addressed in the 

response of question 8. The objectives of this study are re-organized in the introduction (page 4, 
line 14–20). 

We did not further distinguish the coal and liquid fossil fuel combustion in fossil OC, because OC 
is chemically reactive, and δ13C of OC can be affected by atmospheric processing (Kirillova et al., 

2013). The revised texts show (page 4, line 1–3): 
 

 “The interpretation of the stable carbon isotope signature for OC source apportionment 
is more difficult, because OC is chemically reactive and δ13C signatures of OC are not 
only determined by the source signatures but also influenced by atmospheric 
processing.” 

 
3. Provide more clear details of blank/contamination evaluation for 14C analysis, instrumental 

analytical precision and mention of source markers (S2) in the method part. 
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Response: The revised manuscript adds the following (page 7, line 5–9) in the method part: 

“The differences between measured and nominal F14C values are used to correct the 
sample values (de Rooij et al., 2010; Dusek et al., 2014) for contamination during 
graphitization and AMS measurement (Supplemental S3). The modern carbon 
contamination is between 0.35 and 0.50 µg C, and the fossil carbon contamination is 
around 2 µg C for sample bigger than 100 μgC” 

The detailed calculation of modern and fossil contamination is added in the supplemental material 

(Supplemental S3): 

“S3 Determination of modern and fossil contamination for radiocarbon 
measurement 
F14C of aerosols samples was corrected for contamination that occurred during 

graphitization and AMS measurement.  For AMS measurements, samples are usually 
analyzed together with varying amounts of reference material covering the range of 

sample mass. Two such materials with known 14C content are used: the oxalic acid 
OXII calibration material (F14C = 1.3406) and a 14C-free CO2 gas (F14C = 0).  
Contamination during the graphitization and AMS measurement results into the 
differences between measured and nominal F14C values. The magnitude of these 
deviations can be used to quantify the contamination with fossil carbon (F14CF = 0) and 
modern carbon (F14CM = 1), which in turn are used for correcting the sample values (de 

Rooij et al., 2010). 

The contamination with fossil carbon and modern carbon is quantified using isotope 
mass balance (Dusek et al., 2014): 

FଵସC୫ ∙ M୫ = FଵସCୱ୲ ∙ Mୱ୲ + FଵସC୊ ∙ M୊ + FଵସC୑ ∙ M୑.                           (S1) 

Mm and Mst stand for the experimentally determined mass and the mass of reference 
materials either the oxalic acid OXII calibration material (F14C = 1.3406) or a 14C-free 

CO2 gas (F14C = 0) with a unit of μgC, respectively. F14Cm and F14Cst represent the 
experimentally determined F14C measured by AMS and nominal F14C of reference 
materials (Table S9). 

The relationships among all masses are described as Eq. (S2):  

M୫ = Mୱ୲ + M୊ + M୑,                                                              (S2) 

where MM is calculated using Eq. (S1) by substituting FଵସCୱ୲ = 0 for a 14C-free CO2 
gas as: 

 MM= F14Cm·Mm.                                                                    (S3) 

Substitute FଵସCୱ୲ = 1.3406 for OXII and the derived MM from Eq. (S3), MF is derived 

by combining Eq. (S1) and Eq. (S2) as: 

M୊ = ((1.3406 − FଵସC୫) ∙ M୫ − (1.3406 − 1) ∙ M୑)/1.3406.                     (S4) 
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MM and MF is calculated by applying Eq. (S3) and Eq. (S4), and they are mass 
dependent.  The modern carbon contamination (MM) is between 0.35 and 0.50 µg C, 

and the fossil carbon contamination (MF) is around 2 µg C for sample bigger than 100 
μgC.” 

For OC and EC analysis the precision is determined as follows: 

We repeat the analysis of samples, and the differences between the replicated analysis for the 
same sample (n=10) are smaller than 5% for TC, 5% for OC, and 10% for EC, respectively. This 
description is added in the Sect. 2.2 (page 5, line 15–16). 

Following the reviewer’s suggestion, we add briefly the measurement of source markers in the 
Sect. 2.2 as part of the methodology (page 5, line 17–19) and change the title to “2.2 Organic 

carbon (OC), elemental carbon (EC) and source markers measurement”. S2 is kept in the 
supplemental material for details on the measurements. 

4. The result section needs to be better structured and written. There are many parts, specially, 

sections 3.4 and 3.5, should be moved to discussion; and formulas could be moved to methods 
part.  

Response: We have moved the sections 3.4 and 3.5 to the discussion following the reviewer’s 
suggestion. In the revised manuscript, they are Sect. 4.3 and Sect. 4.4, respectively. The order of 

figures in the main text and supplemental material is adapted accordingly. 

However, if the reviewer allows, we prefer to leave the formulas in the result and discussion 

section. In the Sect 4.3 (the original Sect. 3.4) and Sect 4.4 (the original Sect. 3.5), we detailed the 
way to model concentrations and sources of primary OC using those formulas and tried to explain 

the differences between the observed and modelled OC concentrations and sources. We hope that 
it would enhance the clarity and flow of this manuscript by leaving the equations in the part 
where they are need to know. This can also save the readers some time by avoiding going back to 
the method part, because those equations to model concentrations and sources of primary OC are 

not familiar to everyone. Further, there are equations used for illustrating the concept but not for 
calculation, for example: 

Observed OC conentrations − OC୮୰୧,ୣ  = OC୭,୬୤ + SOCୡ୭ୟ୪ + SOC୪୧୯.୤୭ୱୱ୧୪,    (12) 

PS: we think the section of “Sect. 3.4 δ13C/F14C-based statistical source apportionment of EC” 
and “Sect. 3.5 Estimating mass concentrations and sources of primary OC” (Sect. 4.3 and 4.4 

of the revised manuscript) are results of this study. If we move these two sections to the 
discussion part, then the result section is very short and the discussion section is very long.  If the 
reviewer agrees, we would like to move the two sections back the the result section. 

5. There are many comparisons without in depth discussion in the discussion section. And 

comparison among different methods and different climate event seems not reasonable in 4.3.  

Response: We did the whole year measurement in Xi’an for the year 2008/2009.  In this study, 

we selected samples with varying PM2.5 mass and carbonaceous aerosols for 14C analysis. The 
selected samples cover periods of low, medium and high PM2.5 concentrations to get samples 
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representative of the various pollution conditions that did occur in each season (see details in Sect. 
2.1 and Supplemental S1 for sample selection).  Here we only compare the winter season due to 

the limited source apportionment results for EC in Xi’an. For Xi’an, we see from this study (Fig. 
1(a), except the Chinese New Year eve, which is not included in the comparison) but also some 
studies in preparation that the 14C values do not change very much between polluted days and 
clean days. In addition, two months (the intensive campaign by Wang et al. (2016)) almost cover 
the whole winter (in total, 3 months). Thus, we think that it makes sense to compare the results 
from this study with the two cited paper. 

Further, we address this question by answering the following questions 32 and 33 from the 
reviewer. 

(a) 32. P15/L16-20 I don’t think it’s reasonable to directly compare results of different methods, 
e.g., you got contribution of biomass burning to EC by MCMC4 with 4 sources while Zhang et al. 

(2015) got the fraction by 2 sources. Furthermore, taking into account of the error bar, the 
fraction fossil (76%)/ biomass (24%) of this study are the same to Zhang et al. (2015). Finally, 
Zhang et al. (2015) studied samples during the extreme winter haze episode of 2013. 

Response: For the 4 sources solved by MCMC4, we did a posteriori combination of PDF of 

burning C3 and C3 plant, and named the combined PDF as biomass burning and denote the 
biomass burning contribution to EC as fbb (Sect. 4.3.2). As addressed in Question 1, we compared 
the MCMC-derived fbb with the 14C-derived fbb(EC) i.e. two sources similar to Zhang et al. (2015), 
and found they were very similar to each other (Fig. S9), as both of them are well-constrained by 

F14C(EC) (page 14, line 21–23 in the revised text): 

“For both MCMC4 and MCMC3, the MCMC-derived fraction of biomass burning EC 

(fbb, median with interquartile range calculated by Eq. (7)) is similar to that obtained 
from radiocarbon data (fbb(EC), median with one standard deviation by Eq. (3)) as both 

of them are well-constrained by F14C (Table 2, Table S5, Table S7, Fig. S9).” 

Thus, we think it is reasonable to compare the fbb derived by MCMC4 with that from 14C-derived 

fraction of biomass burning and fossil fuel burning in EC by Zhang et al. (2015). 

We agree with the reviewer that taking into account of the error bar, the fraction fossil (76%) and 

biomass burning (24%) in EC of this study are the same to Zhang et al. (2015). The revised text 
shows that (page 18, line 27–29): 

“Taken into account of the uncertainties, comparable contributions were also reported at 
the same sampling site for winter 2012/2013 based on 14C measurements (22 ± 3 %, 

Zhang et al., 2015a) and positive matrix factorization (PMF) receptor model simulation 
(20.1 ± 7.9 %, Wang et al., 2016) (Fig. 8).” 

We noted that this study and Zhang et al. (2015) with different sampling focus. We conducted the 
campaign aiming at being representative for a year, and Zhang et al. (2015a) focus on the extreme 

winter haze. In this study, we selected samples with varying PM2.5 mass and carbonaceous 
aerosols for 14C analysis. The selected samples cover periods of low, medium and high PM2.5 
concentrations to get samples representative of the various pollution conditions that did occur in 
each season. And we compare the sources of EC in winter from this study with Zhang et al. 
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(2015a). We think that this comparison is reasonable, because for Xi’an, we see from this study 
(see Fig. 1(a), except the Chinese New Year eve, which is not included in the comparison) but 

also some studies in preparation that the 14C values do not change very much between polluted 
days and clean days. We add the following clarification to the manuscript: 

“The contributions from biomass burning to EC was 24 % (median; interquartile range 
22–26 %) in winter 2008/2009 (Fig. 8, Table 2) with no considerable change in 14C 
values between polluted days and clean days (Fig. 1(a), except the Chinese New Year 
eve).” (page 18, line 25–27) 

(b) 33. P15/L23-28 The same question as above. Because the PMF model didn’t use 14C, is this 
reasonable for comparison? 

Response: In our opinion it is reasonable to compare two different state of the art methods, 
provided that the uncertainty analysis for each is carefully done. If this was not possible, we 
would not be able, or justified to draw general conclusions from either method.   

For EC source apportionment, it is noted that the quartile ranges for 2008/2009 values from 

MCMC4 (this study) overlaps ranges for 2012/2013 values (average ± SD) from the PMF model 
by Wang et al. (2016). Compared to the uncertainties of radiocarbon measurements, the 
uncertainties of PMF results are always larger, making the overlapped ranges very likely. But this 

will not change our conclusion that the source contributions of fossil EC are likely to have 
changed from 2008/2009 to 2013/2014, with decreasing contributions from coal burning and 

increasing contributions from motor vehicles. Figure S14 and Figure S15 shows the probability 
density functions (PDF) of the relative source contributions to EC from coal combustion and 
vehicle emissions, respectively. Results from this study for the year 2008/2009 are shown in grey 
(this is also shown in the original Fig. S8), and from Wang et al. (2016) for the year 2012/2014 
shown in yellow. For the PDF by Wang et al. (2016), we assume normal distribution as their 
source apportionment results are not known and given in the form of average ± SD. As shown in 

Fig. S14 and Fig. S15, though with some overlaps, the PDF of the relative source contribution of 
coal combustion (vehicle emissions) does clearly shift to the lower side (higher side) from the 

year 2008/2009 to 2012/2013. Those discussions are added to the revised manuscript ((page 18 
line 25–27; page 19, line 7–14).). Figure S14 and Figure S15 is added to the supplemental 
material. 

We also have some additional observation data to support the conclusion as discussed in Sect. 4.6. 

The decreased contributions of coal combustion are also evidenced from the declined enrichment 
factor of As and Pb, indicators of coal combustion. Increasing vehicular emissions is supported 
by the increasing level of NO2, an indicator for the contribution of vehicular emissions. (page 19, 
line 25–28; 29–31) 
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Figure S14. Probability density functions (PDF) of the relative source contributions of coal 

combustion to EC in winter in the year 2008/2009 (this study, shown in grey; this is also shown 
in Fig. S8) and 2012/2013 by Wang et al. (2016), shown in yellow. 

 

  

Figure S15. Probability density functions (PDF) of the relative source contributions of vehicle 
emissions to EC in winter in the year 2008/2009 (this study, shown in grey; this is also shown in 
Fig. S8) and 2012/2013 by Wang et al. (2016), shown in yellow. 

6. The Conclusion part was too long. I suggest summarizing the key points. 

Response: thank you for this comment. The conclusion was shortened and the key points were 

summarized in the revision of the manuscript (page 20, page 21) 
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Minor points and suggestions: 

7. Introduction: P2/L1-10 This part didn’t emphasize the importance of carbonaceous aerosol 

very well. And the structure and description are very similar to the second paragraph of the 
introduction from Zhang et al., (2015a, Atmos. Chem. Phys). Need to revise.  

Response: Thank you for spotting this. We re-write this part in the revised manuscript (page 2, 
line 2–23). 

8. P2/L16: The definition and expression of fraction modern is not explicit. “The 14C content” is 
not a ratio as “fraction modern”. I don’t think the standard need normalize for fractionation to 
13C=-25‰. You can refer to Stuiver and Polach (1977) and modify this sentence. I also suggest 
move this “14C result report” part to the Methods part.  

Response: Thank you for pointing this out. The revised manuscript shows that “The 14C/12C ratio  
of an aerosol sample is reported as fraction modern (F14C)” (page 2, line 26). 

Isotope fractionations occurs for 13C and 14C during the sample pre-treatment and measurements. 
To correct the isotope fractionations, samples are normalized to δ13C = -25 ‰ with respect to 
VPDB, and the standards are normalized in the same way (Mook and van der Plicht, 1999; 
Reimer et al., 2004). δ13C = -25 ‰ is chosen for normalization for isotope fractionations because 
it is a representative average of the majority of organic samples in nature. The only exception is 
that, due to the historical reasons, the old Oxalic Acid standard (OX1) is normalized to its own 

δ13C= -19‰.  
We report the 14C results of our aerosol samples as fraction modern (F14C), following the 

nomenclature of Reimer et al. (2004). We read the Stuiver and Polach (1977) very carefully and 
find that F14C is referred to as ASN/AON in Stuiver and Polach (1977), where the subscript “N” 
denotes normalization for isotope fractionation for samples and standards as shown in Table 1 in 
Stuiver and Polach (1977). We also note that ASN/AON in Stuiver and Polach (1977) are 
normalized to δ13C= -19‰ of OX1. We think this citation is very helpful for readers to 
understand the 14C data reporting, and we add the new citation in the revised text (page 2, line 28). 

We moved the “14C result part” from the method part to the introduction part, following one 
reivewer’s comment in the preliminary review. In the revised manuscript, we clarify the 

definition of F14C by explaining it in more detail (page 2 line 26–31; page 3 line 1–3). Further, we 
introduce the assumptions on F14C for contemporary sources (page 3, line 5–13) to facilitate the 

reader and also the writing of the following sections, following the comments by the reviewer 2. 
We think it probably better to leave the F14C definition and assumptions on F14C for 
contemporary sources in the introduction, if possible. We believe by doing this, the readers can 
better understand why 14C is a very useful tool in the aerosol source apportionment and how.  

9. P2/L25 Clarify which kind of 14C studies only have two datasets: seasonal variations? TC or 
other? For example, Zhang et al. (2015b, EST) also reported annual and seasonal variations of EC 
in Beijing.  
Response: This is an oversight.  The revised manuscript adds the Y. Zhang et al.(2015b) and 

shows that: 
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“Despite a fair number of 14C studies in China in recent years, only a few 14C datasets 
so far reported annual results and seasonal variations of OC and EC (Y. Zhang et al., 

2014a, 2015b, 2017)” (page 3 line 17–18) 
 
10. P2/L27-30 It’s better to introduce 13C first and introduce 14C as a novel tool. The 13C values of 
distinct sources you listed overlap with each other.  

Response: We agree with the reviewer than the 14C is a novel tool and can constrain fossil and 
biomass burning contribution to EC very well. But in this study, we can only separate fossil EC 
into EC from coal combustion and EC from vehicular emission by complementing 14C with 13C. 
Using 14C alone can not separate the fossil EC into EC from coal combustion and liquid fossil 

fuel combustion. 

In the introduction session, we introduce how the dual-carbon isotope-based (14C&13C) 

constrains on EC sources: 

“EC from fossil sources (e.g., coal combustion, liquid fossil fuel burning) can be first 

separated from biomass burning by F14C of EC. Further, δ13C of EC allows separation 
of fossil sources into coal and liquid fossil fuel burning (Andersson et al., 2015; 

Winiger et al., 2015, 2016), due to their different source signatures.” (page 3 line 29–32) 

The order of this description is the same of Eq. (7)–(9) for MCMC model in Sect. 2.6. Thus, we 

prefer to introduce F14C first followed by 13C, if the reviewer allows.  

It is noted that 13C source signatures are not that well distinct and they have some overlaps. If it is 

ok with the reviewer, we will put the deeper discussion into the methods section 2.6, where we 
introduce the use of 13C data for source apportionment and can further elaborate on the 

consequences of the overlapping signatures.  

The source endmembers for δ13C are less well-constrained than for F14C, as δ13C varies with fuel 

types and combustion conditions. For example, δ13C values for liquid fossil fuel combustion 
overlaps with δ13C values for both coal and C3 plant combustion. In this study, to account for the 

variability of the isotope signatures of δ13C and F14C from the different sources, the Bayesian 
Markov chain Monte Carlo techniques (MCMC) were used as explained in the Method section. 
Uncertainties of both source endmembers for each source and the measured ambient δ13CEC and 
F14C(EC) are propagated. These serve as input of MCMC to estimate the source contributions to 

EC. The MCMC results are the posterior probability density functions (PDF) for the relative 
contributions from the sources (Fig. S7, Fig. S8).  The PDF of the relative source contributions of 

liquid fossil fuel combustion (vehicle) and coal combustion is skewed. By contrast, the PDF of 
the relative source contributions of biomass burning is symmetric as it is well-constrained by 

F14C (Fig. S8(a)). In this study, the median with its interquartile range was used to give the 
estimates of the contribution of any particular source to EC throughout the manuscript (e.g., 
Table 2, Sect. 4.3.2). 

This point is clarified in the Method Sect. 2.6 by adding the following (page 8 line 14-22): 
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“δ13Cbb, δ13Cliq.fossil and δ13Ccoal are the δ13C signature emitted from biomass burning, 
liquid fossil fuel combustion and coal combustion, respectively. The means and the 

standard deviations for δ13Cbb (-26.7 ± 1.8 ‰ for C3 plants, and -16.4 ± 1.4 ‰ for corn 
stalk), δ13Cliq.fossil (-25.5 ± 1.3 ‰) and δ13Ccoal (-23.4 ± 1.3 ‰) are presented in Table S1 
(Andersson et al., 2015 and reference therein; Sect. 4.3.1), and serves as input of 
MCMC. The source endmembers for δ13C are less well-constrained than for F14C, as 
δ13C varies with fuel types and combustion conditions. For example, the range of 
possible δ13C values for liquid fossil fuel combustion overlaps to a small extent with the 

range for coal combustion, although liquid fossil fuels are usually more depleted than 
coal. The MCMC technique takes into account the variability in the source-signatures 

of F14C and δ13C (Table S1), where δ13C introduces a larger uncertainty than F14C. 
Uncertainties of both source endmembers for each source and the measured ambient 
δ13CEC and F14C(EC) are propagated.”  

11. P3/L7: same question as above.  

Response:  This is addressed as above. We also changed the sentence in the Introduction 

section “Further, δ13C of EC allows separation of fossil sources into coal and liquid fossil 
fuel burning (Andersson et al., 2015; Winiger et al., 2015, 2016), as they have their distinct 

source signatures” to： 

“Further, δ13C of EC allows separation of fossil sources into coal and liquid fossil fuel 

burning (Andersson et al., 2015; Winiger et al., 2015, 2016), due to their different 
source signatures. Typical δ13C values for EC from previous studies are summarized in 

Table S1.” (page 3 line 30-32). 

12. P3/L9-13 You need to provide 13C numbers for example to make readers to remember the 
trend between different processes. 

Response: How depleted the SOA is dependent on the extent of how much the precursors is 
reacted. As stated in the draft manuscript: “During formation of secondary organic aerosol (SOA), 
molecules depleted in heavy isotopes are expected to react faster, leading to SOA depleted in 13C 
compared to its gaseous precursors, if the precursor is only partially reacted (Anderson et al., 
2004; Irei et al., 2006; Fisseha et al., 2009).” 
To the best of our knowledge, the δ13C values for the SOA from different processes have not been 

well studied. So, we can not really give the exact 13C numbers for the different processes. But we 
agree with the reviewer that some examples of δ13C values for the SOA would be useful to 

readers. We add: 

“For example, Irei et al. (2006) found that the δ13C values of particulate SOA formed by 

OH radical-induced reactions of toluene ranged from -32.2‰ to -32.9 ‰, on average 
5.8‰ lighter than those of parent toluene, when 7–29% toluene was reacted.” (page 4 

line 5–7) 

“For example, Bosch et al. (2014) observed the more enriched δ13C signature of water-

soluble OC (-20.8 ± 0.7 ‰) than EC (-25.8 ± 0.3 ‰) at a receptor station for the South 
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Asian outflow, due to aging of OC during the long-range transport of aerosols.” (page 4 
line 9–11) 

Methods: 

13. P4/L1 replace “pre-fired” with “pre-baked”  

Response: Done (page 4 line 30) 

14. P4/L3 what’s the standard for season’s classification? Reference? How can you classify 
autumn to middle day?  

Response: We classify the seasons based on the meteorological characteristics and the residential 

heating period in Xi’an, China. The official residential heating period starts from 15 November to 
14 March next year and can be slightly changed with the temperature. The autumn is classified to 
the middle day of November as it was the last day before the winter heating.  

The classification of seasons in this study is also consistent with earlier studies in Xi’an, China 
(Han et al., 2016; T. Zhang et al., 2014). The citations are added in the revised manuscript (page 5 
line 2–3). 

15. P4/L15 instrumental analytical precision? Do you have field blank?  

Response: The question on the instrumental analytical precision is addressed in the response of 

Question 3. 

Unfortunately, no field blank was collected during this sampling campaign. From more recent 

sampling campaigns we know that the typical TC on the field blank is usually smaller than 1μg 
cm-2 with little EC, which is often below the detection level. This is much smaller than the TC 
loading on the collected samples ranging 20 μg cm-2 to 300 μg cm-2 with an average of 113 μg 
cm-2. We can not conduct the blank correction, but this will only change the concentrations of OC 

slightly and even less for EC. 

16. P5/L9-13 and L21-25 The whole blank/contamination should include all blank produced 
during experimental process and it is very important to know if the contamination is modern or 
fossil for 14C analysis. For combustion process, are the stds modern and fossil? Give the mass and 

F14C value of the stds. Also, provide the F14C value of combustion contamination. For 14C 
analysis, give the mass and F14C value of contamination you got in this study. Did you have F14C 

value of blank filter? Provide which blank you used to correct your 14C data.  

Response: Thank you for this comment.  

(a). the contamination introduced by the combustion process 

For combustion processes, two sets of standard material: the oxalic acid HOxII and anthracite 
with known 14C contents (F14C = 1.3406 and F14C = 0, respectively) were combusted using ACS 
and used for quality control. The standard materials were put on the filter holder directly before 

heating in the oven in O2 at 650°C for 10 minutes.  
The F14C deviations between the nominal values and measured values are attributed to the 

contamination introduced by the combustion process. The deviations are used to estimate the 
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contamination by applying Eq. (S1)–(S4) where the actual contamination can be divided into two 
components: fossil contamination (MF in μg C) with F14CF = 0 and modern contamination (MM in 

μg C) with F14CM =1 (Dusek et al. 2014). The measured F14C and mass of the standards for 
quality control of the combustion process is shown in Table S9 in the revised manuscript. 
Measurements of the anthracite standard (F14C=0) yield  modern contamination MM of 0.2–1.2 μg 
C per extraction. Measurements of OX II standard yield fossil contamination MF of 0.62–1.47 μg 
C per extraction.  
We can conclude that the ACS system in fact introduced some contamination to the extracted 

samples but the contamination is not very large: (1) the measured F14C of the standards are 
deviating the nominal value only by less than 0.02 (the absolute values); (2). compared with our 

sampling size of 117 μg C (57–157 μg C; mean (min-max)) OC per extraction, 131 μg C (58–267 
μg C) EC per extraction, the modern and fossil contamination is relatively small.  
 
In this study, we did not correct the contamination introduced during the combustion process, 

because the contamination introduced from the combustion processes is small compared with our 
sample size. and the combined F14C lies around 0.3 to 0.4 close to the range of the values for EC 

an somewhat below the values for OC, which cause relatively small correction in F14C. To 
determine the actual contamination introduced during the combustion process, a series of blanks 

and standards made by ACS system covering the mass range of our sample size must be used for 
the mass-dependent correction.  
 
 (b) contamination introduced by graphitization and AMS measurements  

The method to estimate contamination is detailed in Supplemental S3 in the revised manuscript. 
The measure F14C and mass of standards are given in Table S9 in the revised manuscript. In the 

main text, we add: 

“The differences between measured and nominal F14C values are used to correct the 

sample values (de Rooij et al., 2010; Dusek et al., 2014) for contamination during 
graphitization and AMS measurement (Supplemental S3). The modern carbon 
contamination is between 0.35 and 0.50 µg C, and the fossil carbon contamination is 
around 2 µg C for sample bigger than 100 μgC.” 
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Table S9. The measured F14C values and masses of the standards with their nominal F14C values. 

Standards 
 

nominal F14C measured F14C 
(F14Cm) 

measured mass 
(Mm, μgC) 

Combustion 
processesa 

OXII 1.3406 1.327 ± 0.022 65 

OXII 1.3406 1.321 ± 0.012 117 

anthracite 0 0.020 ± 0.001 51 

anthracite 0 0.002 ± 0.001 75 

anthracite 0 0.004 ± 0.001 219 

anthracite 0 0.005 ± 0.001 254      

Graphitization and 
14C 
measurementsb 

14C-free CO2 gas  0 0.008 ± 0.001 42 
14C-free CO2 gas  0 0.004 ± 0.000 81 
14C-free CO2 gas  0 0.005 ± 0.000 91 
14C-free CO2 gas  0 0.004 ± 0.000 123 
14C-free CO2 gas  0 0.003 ± 0.000 162 
14C-free CO2 gas  0 0.002 ± 0.000 186 
14C-free CO2 gas  0 0.003 ± 0.000 287 

OXII 1.3406 1.268 ± 0.013 45 

OXII 1.3406 1.270 ± 0.012 81 

OXII 1.3406 1.280 ± 0.011 96 

OXII 1.3406 1.305 ± 0.010 128 

OXII 1.3406 1.337 ± 0.010 162 

OXII 1.3406 1.306 ± 0.006 214 

OXII 1.3406 1.311 ± 0.005 321 
a For combustion processes, two sets of standard material: the oxalic acid HOxII and anthracite 
with known 14C contents (F14C = 1.3406 and F14C = 0, respectively) were combusted using ACS 
and used for quality control; 
b Varying amounts of reference materials covering the range of sample mass are graphitized and 
analyzed together with samples in the same wheel of AMS, to correct contamination during 
graphitization and AMS measurement. 

(c) blank filter 

As addressed in the question 15, unfortunately, no field blank was collected during this sampling 
campaign. Typical TC on the field blank is usually smaller than 1μg cm-2 with little EC. This is 

much smaller than the TC loading on the collected samples ranging 20 μg cm-2 to 300 μg cm-2 
with an average of 113 μg cm-2. We can not conduct the blank correction, but this will only 
change the concentrations and F14C of OC slightly and even less for EC. 

We measured the OC of one field blank filter for another sampling campaign in Xi’an, China. 
This OC field blank was analyzed by pooling several extracts of the same filter. The F14C of the 
OC on the field blank filter (F14COC,blank) was 0.553 ± 0.003. The F14COC,blank is close to the 
ambient F14C of OC (F14COC) values for this study, with an average of 0.567 ranging from 0.330 
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to 0.696. The blank correction will therefore not shift the ambient F14COC in this study strongly. It 
is relatively common in the literature that 14C measurements of aerosol filter samples are not 

blank corrected, either because the blank values are too small to be measured for 14C, or because 
the correction would be very small compared to the relatively larger carbon amounts that need to 
be sampled for 14C analysis (e.g., Szudat et al., 2004; 2006). A recent study of Dusek et al. (2017) 
found that the blank correction for F14C was very small and only slightly change F14C values of 
ambient samples. 
In summary, both the measurements of the blank filter (from a different campaign, but conducted 

by the same group in the same location, with similar sampling setup) and the combustion 
standards show that the blank correction would shift the measured 14C only by an insignificant 

amount, the correction was therefore omitted.   

17. P6/L18 Is the “fbb” the same as “fbb” at L1?  

Response: Thank you for this comment. Eq. (7) at L18 can be formulated as: F14C(EC)=F14Cbb ×fbb, 
because F14Cliq.fossil and F14Ccoal is zero due to the long-time decay. The “fbb” in Eq. (7) at L18 is by 

definition the same as 14C-based “fbb(EC)” in Eq. (3) at L1, as both of them are calculated by 
dividing F14C(EC) with F14C of biomass burning (F14Cbb). However, we use different symbols, 

because in the first case, fbb(EC) is estimated by a Monte Carlo simulation, based on 14C 
measurements alone, and in the second case fbb is estimated by the full 4 source MCMC model.  

The main difference is that the we use average to represent the best estimate for 14C-derived 
“fbb(EC)” in Eq. (3), and use median to represent the best estimate for fbb  ( Eq. (7) at L18) derived 
from the MCMC. The median is used to represent the best estimate of the contribution of any 
particular source to EC derived from the MCMC, because the probability density functions (PDF) 

of the relative source contributions of liquid fossil fuel combustion (vehicle) and coal combustion 
is skewed. By contrast, the PDF of the relative source contributions of biomass burning is 

symmetric as it is well-constrained by F14C (Fig. S8(a)). Thus the MCMC-derived fbb (median) is 
very similar to that fbb(EC) (median), as shown in Fig. S9. This is clarified in the manuscript and 

the revised text shows that: 

“For both MCMC4 and MCMC3, the MCMC-derived fraction of biomass burning EC 

(fbb, median with interquartile range calculated by Eq. (7)) is similar to that obtained 
from radiocarbon data (fbb(EC), median with one standard deviation by Eq. (3)) as both 
of them are well-constrained by F14C (Table 2, Table S5, Table S6, Fig. S9).” (page 14 
line 21–23) 

In addition, the caption of Figure S9 is revised to clarify the similarity between fbb and 
fbb(EC): 

“Figure S9. Comparison between the MCMC-derived fraction of biomass burning EC 
(fbb derived from MCMC4) and that obtained from radiocarbon data (14C-based fbb(EC)). 
Average and one standard deviation is shown for fbb(EC), median with interquartile 
range is shown for fbb . fbb derived from MCMC3 is also very similar to fbb(EC).” 

  



15 
 

Results:   

18. P7/L10 The number of seasonal samples in Table S2 is not the same as in the sampling part, 

need to clarify this inconsistency. 

Response: Thank you for pointing this out. This is a mistake in the number of the samples. The 

sampling campaign in Xi’an was conducted for 13 months from 5 July 2008 to 8 August 2009 
following every-sixth-day sampling schedule. In total, 65 PM2.5 samples were collected during the 

13 months as shown in the Table S2 in the draft manuscript. 
However, this study focuses on the yearly cycle, and it will be confusing that there are two “July” 

and two “August” in a year cycle if we use the 65 samples collected the 13 months. Thus, at the 
end, we decide to use the 58 PM2.5 samples collected from 5 July 2008 to 27 June 2009 to 
represent the one-year cycle. 

The revised Table S1 shows there are 58 PM2.5 samples in total, with 13 in spring, 15 in summer, 
12 in autumn, and 18 in winter. We also check the mass concentrations in Table S2, and the mass 
concentrations of PM2.5, OC and EC are the average and standard deviation calculated from the 

58 samples collected from 5 July 2008 to 27 June 2009 with the season classification rules stated 
in the method Sect. 2.1.  

19. P8/L20 unify the decimal place to one in the whole manuscript.  

Response: Thank you for this comment. The decimal place is unified to one for δ13C values 
throughout the manuscript. 

20. P8/L30 Is it possible that combustion of a mixture of C4 and C3 plants or liquid fuel will 
results in the 13CEC values of around -24‰. 

Response: To investigate if the mixture of C4 and C3 plants or liquid fossil fuel combustion can 
result in the δ13CEC values in winter (around -24‰), we run an additional adjusted simulation.  In 
this simulation we assume that coal combustion does not contribute to EC at all in winter, even 
though coal combustion for heating is known as an important contributor to EC in winter 

(contributing around 45% to EC, see Sect. 4.3 and Fig. 5). That is, liquid fossil fuel combustion is 
the only fossil source of EC: 

𝑓୤୭ୱୱ୧୪(EC) = 𝑓୪୧୯.୤୭ୱୱ୧୪   (R1) 

where ffossil(EC) is the relative contribution of fossil fuel to EC. Biomass burning contribution to 

EC (fbb(EC)) includes contribution from burning C3 (fbb_C3) and C4 plant (fbb_C4): 

𝑓ୠୠ(EC) = 𝑓ୠୠ_ియ
+ 𝑓ୠୠ_ిర

(R2) 

Further, from the results of MCMC4, we know that C4 plant burning contribute more than that of 
C3 plant to EC in winter (Fig. S10b; Table S8), that is, 

𝑓ୠୠ_ిర
> 𝑓ୠୠ_ియ

(R3) 

Based on the δ13C source signature for EC from burning C4 plant (δ13Cbb_C4 = -16.4 ± 1.4 ‰; 

mean ± standard deviation), C3 plant (δ13Cbb_C3 =-26.7 ± 1.8 ‰) and liquid fossil fuel (δ13Cliq.fossil 

= -25.5 ± 1.3 ‰), the Eq.(R1)–(R2) and the constraints of Eq.(R3), δ13C of EC due to burning C4 
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plant, C3 plant and liquid fossil fuel can be estimated (δ13CEC,e; the subscript “e” denotes 
“estimated”) by Eq.(R4): 

δଵଷC ୉େ,ୣ = δଵଷCୠୠ_ియ
× 𝑓ୠୠ_ియ

+ δଵଷCୠୠ_ిర
× 𝑓ୠୠ_ిర

+ δଵଷC୪୧୯.୤୭ୱୱ୧୪ × 𝑓୪୧୯.୤୭ୱୱ୧୪ (R4) 

A Monte Carlo simulation with 10,000 individual calculations was conducted to estimate 
propagated uncertainties. For each individual calculation, δ13Cbb_C4, δ13Cbb_C3, δ13Cliq.fossil , 
fliq.fossil(=ffossil(EC)) and fbb(EC)  are randomly chosen from a normal distribution symmetric 
around the mean with the standard deviation. Mean and standard deviation of fliq.fossil(=ffossil(EC)) 
and fbb(EC) are derived from the radiocarbon measurements and F14C of biomass burning, and are 
given in Table S4. In this way 10,000 different estimation of δ13CEC,e can be calculated. The 
median was used to represent the best estimate of the contribution of any particular source to EC. 
Uncertainties of this best estimate are expressed as inter-quartile range (25th-75th) of the 10,000 
estimated δ13CEC,e. 

Figure R1(A) shows the observed δ13CEC and the estimated δ13CEC,e  values in winter. The 
observed δ13CEC in winter is shown as the filled black squares. The modelled δ13CEC.e is shown as 
the median (blue squares) with interquartile range (25th-75th percentile, blue horizontal bars). Five 
from six observed δ13CEC values in winter are either outside the interquartile range of the 
estimated δ13CEC,e   or on the higher/lower end of the range. This makes the assumption of no coal 
combustion contribution to EC very unlikely, at least for the 3 sample with high ffossil(EC). 

Further, the conclusion will not change if no constraint of 𝑓ୠୠ_ిర
> 𝑓ୠୠ_ియ

 applys (Fig. R1(B)). 
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Figure R1. Two-dimensional isotope-based source characterization plot of EC in winter, with the 
assumption that no coal burning in winter contributed to EC. The observed δ13CEC in winter is 
shown as the filled black squares. The estimated δ13CEC.e with (A) and without (B) the constraint 
of fbb_C4> fbb_C3 is shown as the median (blue squares) with interquartile range (25th-75th percentile, 
blue horizontal bars). The fraction fossil in EC (ffossil(EC) was calculated using radiocarbon data. 
The expected δ13C and 14C endmember ranges for C3 plant burning, and liquid fossil fuel 
combustion are shown as green and black bars, respectively, within the 14C-based endmember 
ranges for non-fossil (dark green rectangle, bottom) and fossil fuel combustion (grey rectangle, 
top). The δ13C signatures of C4 plants burning is -16.4 ± 1.4 ‰ (mean ± standard deviation) is 
indicated in the plot but not shown on x-axis. The δ13C signatures of C3 plants (green rectangle) 
and liquid fossil (e.g., oil, diesel, and gasoline, black rectangle) are indicated as mean ± standard 
deviation in Table S1.  
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21. P9/L26 what do the grey and dark green rectangle mean in Figure 3?  

Response: we add the description of the grey and dark green rectangle in the caption of the Fig. 4 

(the Fig. 3 in the draft manuscript): 
“The expected δ13C and 14C endmember ranges for biomass burning emissions, liquid 

fossil fuel combustion, and coal combustion are shown as green, black and brown bars, 
respectively, within the 14C-based endmember ranges for non-fossil (dark green 
rectangle, bottom) and fossil fuel combustion (grey rectangle, top).” 

22. P10/L1 Sections 3.4.1 is not real results of this study  

Response: In the revised manuscript, we move the Sect. 3.4 to the discussion section following 
the reviewer’s suggestion.  The original Sect. 3.4.1 is Sect. 4.3.1 in the revised manuscript. We 

think the Sect. 4.3.1 is not a problem now in the discussion section. 

23. P10/L10 Provide the four-source calculation formula in 3.4.2 section and change the name 

MCMC3” in 2.6 section.  

Response: Sect 2.6 provides the principle of the MCMC, where fbb in Eq. (7)–(9) represents the 
relative contributions of biomass burning to EC. fbb represents the relative contributions of C3 
plant burning for MCMC3 and represented the sum contribution of C3 and C4 plant burning to 
EC for MCMC4, respectively.  

This is explained as follows: 

“Results from a four-source (C3 biomass, C4 biomass, coal and liquid fossil fuel) 
MCMC4 model and a three-source (C3 biomass, coal and liquid fossil fuel) MCMC3 
model were compared to underscore the influence of C4 biomass on source 
apportionment. The results of the Bayesian calculations are the posterior probability 
density functions (PDF) for the relative contributions from the sources (Fig. S7, Fig. 
S8). For MCMC4, we did a posteriori combination of PDF for C3 biomass and C4 
biomass, and named the combined PDF as biomass burning, to better compare results 
with MCMC3. ” (page 14 line 11–16 in the revised manuscript). 

In the main text, we would prefer not to separate the “biomass” into “biomass from C3 
plants” and “biomass from C4 plants” to avoid distracting the readers, if possible. Because 
we tried to say that including C4 plants in calculation (MCMC4) does not affect the 
contribution of biomass burning to EC but affect the separation between contributions from 
coal burning and liquid fossil fuel combustion. Further, the relative fraction of C3 and C4 
plants in biomass burning is not the main purpose of this study. If we separate fbb into fbb_C3 
(contribution of C3 plant burning to EC) and fbb_C4 (contribution of C4 plant burning to EC) 
in the formulas for MCMC4, then there will be two more symbols but they are not used in 
the manuscript later on.  

 In addition, the MCMC3 does not include C4 plant burning, thus does not represent the real-
world conditions in Xi’an, China and leads to biased EC source apportionment as discussed 
on page 14 line 25–32, page 15 line 1–3. So, we would prefer to leave the title of Sect. 2.6 
and not to change the title of Sect. 2.6 to “MCMC3”. 

24. P10/L28 “5 times less than in summer” should use “lower than”  
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Response: Corrected (page 14 line 29). 

25. P10/L29-32 The proportion of liquid fossil fuel combustion in winter (more coal burning) 

lower than summer (more traffic emission) make sense, why is not your expectation?  

Response: Yes, the proportions are still according to expectations, but not the absolute values of 

EC. We expect that the absolute EC concentrations (μg m-3) from liquid fossil fuel combustion 
(ECliq.fossil) should be roughly constant all over the year, or even higher in winter due to 

unfavorable meteorological conditions. 

The total EC concentrations in winter were only 1.5 times higher than that in summer. To meet 

our expectation, that is, ECliq.fossil in winter should be roughly equal to or a bit higher than that in 
summer, the relative contributions of liquid fossil fuel combustion to EC (fliq.fossil) in winter  

should be 1.5 times (or less) lower than that in summer. But the MCMC3-derived contributions of 
liquid fossil fuel combustion to EC was only 14 % in winter, 5 times lower than in summer. This 
implies the absolute EC concentrations (μg m-3) from liquid fossil fuel combustion were much 
smaller in winter than in summer, which is inconsistent with our expectation that absolute EC 

concentrations from liquid fossil fuel combustion should be roughly constant all over the year, or 
even higher in winter due to unfavorable meteorological conditions (page 14 line 28–32; page 15 

line 1). 

26. P11/L16 mean or median?  

Response: It is mean values. ECbb (μg m-3) and ECfossil (μg m-3) of individual samples are 
calculated using Eq. (3) and Eq. (4), respectively. As stated in the method Sect 2.5, the average of 

ECbb (μg m-3) and ECfossil (μg m-3) derived from 10,000 individual calculations of a Monte Carlo 
simulation is used to represent the best estimate. 

The mean ECbb and ECfossil in the winter is calculated by averaging the ECbb and ECfossil of the 
selected winter samples for 14C analysis, respectively. The mean ECbb and ECfossil in the warm 

period is also calculated like this. 

27. P12/L14 Does the OCo, nf  mean observed non-fossil OC? 

Response: The OCo,nf  denotes other non-fossil OC except primary OC from biomass burning. We 
make this definition of OCo,nf  more clear in the revised text: 

“Observed OC mass concentrations that exceed OCpri,e can be explained by contribution 
from secondary OC from coal combustion (SOCcoal), and liquid fossil fuel usage 

(SOCliq.fossil) and by other non-fossil OC (OCo,nf). OCo,nf includes secondary OC from 
biomass burning and biogenic sources (SOCnf; SOC non-fossil), and primary OC from 
vegetative detritus, bioaerosols, resuspended soil organic matter, or cooking.” (page 16 
line 12–16) 

28. Discussion P13/L16 Add “Characteristics” in front of 4.1 title.  

Response：Thank you for this comment. Done (page 11 line 24). 

29. P13/L17 Clarify which ffossil (EC) you used in comparison, the MCMC4 or F14C? Because 

others use the F14C deduced values.  
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Response：Thank you for this comment. The ffossil(EC) used in comparison is calculated from 

F14C(EC). To clarify, the revised text shows: 
“The annual average ffossil(EC) derived from 14C data in Xi’an is 83 %.” (page 11 line 25) 

In addition, we try to make this more clear by adding the following note to Table 1 (page 29): 
“affossil (OC) and ffossil (EC) in this study is calculated from the F14C data (see details in 

Sect. 2.5).” 

30. P13/L25 should be 76% as shown in Figure 4.  

Response: As addressed in Question 29, the ffossil(EC) is calculated from F14C(EC). The averaged 
ffossil(EC) in winter is 76.6 % ± 5.4% as shown in Table S5, and round to 77% at P13/L25 in the 
draft manuscript.   

Due to the asymmetrical PDFs (Fig. S8), the individual median contributions of coal and liquid 
fossil fuel combustion (fcoal and fliq.fossil) do not add up to the median of the combined PDF for 
fossil fuel burning (slight difference) and we would like to avoid a discussion on that in the main 
manuscript, if possible. The ffossil(EC) (average) deduced from 14C data and from MCMC (the sum 
of fliq.fossil and fcoal, median) can be a slight difference from each other, but still very similar as the 

fbb(EC) and ffossil(EC) is well-constrained by F14C(EC). 

31. P15/L4-8 Discussion here is not very convincing. The contribution of biomass burning to EC 
is the lowest in summer, but the highest contribution of biomass burning to EC occurred in winter 
(most corn stalk burning in winter, Figures 4 and S5), why no significant correlation was found in 
winter?  

Response: Yes, no significant correlation was found in winter between F14C(EC) and K+/EC ratios 
and also not for F14C(EC) and levoglucosan/EC ratios (Fig. S5).  

In winter, the biomass burned in the studied area are mixture of crop residues (e.g., wheat straw, 
corn stalk) and wood. The levoglucosan/K+ ratio for corn stalk burning and wheat straw burning 
is 0.21 ± 0.08 and 0.1 ± 0.0, respectively, much lower than those for wood burning (24.0 ± 1.8). 
No significant correlations between F14C(EC) and K+/EC ratios or between F14C(EC) and 

levoglucosan/EC ratios suggest a changing mixture of biomass subtype (e.g., C3 plant (wheat 
straw and wood), C4 plant (corn stalk)) with different levoglucosan/K+ ratios. A good correlation 

can only be expected, if one main type of biomass is burned. The revised manuscript shows: 

“No significant correlations of F14C(EC) with K+/EC or levoglucosan/EC were found in 

other seasons (Fig. S5), suggesting a changing mixture of biomass subtypes with 
different levoglucosan/K+ ratios. In this case the same amount of modern carbon 

contribution in EC (i.e., same F14C(EC)) can be associated with very different K+/EC and 
levoglucosan/EC ratios, depending on which type of biomass is dominating at a given 
time” (page 13 line 19–23) 

The correlations between F14C(EC) with K+ /EC ratios and F14C(EC) with levoglucosan/EC ratios are 
used to infer the reason for the variability of EC, rather the absolute EC. Because F14C(EC), K+ /EC 
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ratios and levoglucosan/EC ratios are all relative term. Discussion on P15/L4-8 in the draft 
manuscript was discussing the variability of EC in summer, not absolute EC concentrations. 

32. P15/L16-20 I don’t think it’s reasonable to directly compare results of different methods, e.g., 
you got contribution of biomass burning to EC by MCMC4 with 4 sources while Zhang et al. 

(2015) got the fraction by 2 sources. Furthermore, taking into account of the error bar, the 
fraction fossil (76%)/ biomass (24%) of this study are the same to Zhang et al. (2015). Finally, 
Zhang et al. (2015) studied samples during the extreme winter haze episode of 2013. 

Response: This is addressed in Question 5(a). 

33. P15/L23-28 The same question as above. Because the PMF model didn’t use 14C, is this 
reasonable for comparison? 

Response: This is addressed in Question 5(b). 

34. P16/L7 and Figure 7 clarify the relationship between vehicular emissions and liquid fossil 

fuel combustion somewhere before discussion. 

Response: In this study, liquid fossil fuel combustion and vehicular emission is used 

interchangeably. Because the δ13CEC signature of liquid fossil fuel combustion was compiled from 
literature where EC emitted from vehicles were collected and δ13CEC  was measured. We add the 

following clarification in the revised manuscript where the liquid fossil fuel combustion is 
mentioned for the first time in the result section: 

“Major EC sources in Xi’an include biomass burning, coal combustion, and liquid fossil 

fuel (e.g., diesel and gasoline) combustion (i.e., vehicular emissions) …” (page 10 line 
15–16) 

We repeat this clarification with notes in parentheses several times, for example: 
“This is also evident from our observation that δ13C values of the ambient aerosol fall 

within the range of C3 plants, coal and liquid fossil fuel combustion (i.e., vehicular 
emissions) (Fig. 2).” (page 10 line 20–21) 

35. P17/L3 Will the biogenic emission to OC result in lower 13C values than EC?  

Response:   Thank you for this comment. We agree with the reviewer that if biogenic emissions 

play an important role on OC, we can expect a bit different δ13COC from δ13CEC..  Typically, 
biogenic OC concentrations are estimated on the order of a few microgram per cubic meter (μg 
/m3), which is small compared to the observed TC in this study (Fig. 1 and Table S2). So 
probably primary and secondary biomass OC is responsible for most of the modern OC. And 
secondary OC in general might be responsible for more depleted δ13COC (e.g., Irei et al., 2006; 
Fisseha et al., 2009). However, results on δ13C of biogenic OC are sparse in the literature, and are 

so far inconclusive weather δ13C is enriched or depleted. From our data we cannot make a firm 
conclusion that biogenic OC (mainly secondary) is the main cause. 

36. Conclusions condense and summarize the key points of this study in this part. 

Response: This is addressed in the Question 5. 
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37. References Check carefully the papers of the same author, e.g., you have two Zhang et al. 
(2015a) and where is Zhang et al. (2014a)? I think in section 4.3, you refer to Zhang et al., (2015a, 

Atmos. Chem. Phys.,) 

Response: We check the references very carefully. There is one “Zhang and Cao, 2015a” and one 

“Zhang and Cao, 2015b” cited. And We find there is one “Zhang et al., 2015a” and one “Zhang et 
al., 2015b)” as follows: 

“Zhang, Y. L. and Cao, F.: Fine particulate matter (PM2.5) in China at a city level, Sci. 
Rep., 5, 14884, 2015a. (page 28 line 3) 
Zhang, Y. L. and Cao, F.: Is it time to tackle PM2.5 air pollutions in China from 
biomass-burning emissions?, Environ. Pollut. , 202, 217–219, 2015b. (page 28line 4–5) 

Zhang, Y. L., Huang, R. J., El Haddad, I., Ho, K. F., Cao, J. J., Han, Y., Zotter, P., 
Bozzetti, C., Daellenbach, K. R., Canonaco, F., Slowik, J. G., Salazar, G., Schwikowski, 

M., Schnelle-Kreis, J., Abbaszade, G., Zimmermann, R., Baltensperger, U., Prévôt, A. 
S. H., and Szidat, S.: Fossil vs. non-fossil sources of fine carbonaceous aerosols in four 
Chinese cities during the extreme winter haze episode of 2013, Atmos. Chem. Phys., 15, 
1299–1312, https://doi.org/10.5194/acp-15-1299-2015, 2015a. (page 28 line 12–16) 
Zhang, Y. L., Schnelle-Kreis, J., Abbaszade, G., Zimmermann, R., Zotter, P., Shen, R. 
R., Schäefer, K., Shao, L., Prévôt, A , and Szidat, S.: Source apportionment of 

elemental carbon in Beijing, China: insights from radiocarbon and organic marker 
measurements, Environ. Sci. Technol., 49, 8408–8415, 2015b.” (page 28 line 17–19)” 

 
Zhang et al. (2014a) is cited in the Sect. 2.1 and it is revised to “T. Zhang et al., 2014” to 
differentiate “Y. Zhang et al., 2014a” and “Y. Zhang et al., 2014b”: 

 “Details about the sampling site can be found elsewhere (Bandowe et al., 2014; T. 
Zhang et al., 2014).” (page 4 line 26) 

And in the reference list: 

 “Zhang, T., Cao, J.-J., Chow, J. C., Shen, Z.-X., Ho, K.-F., Ho, S. S. H., Liu, S.-X., 
Han, Y.-M., Watson, J. G., Wang, G.-H., and Huang, R.-J.: Characterization and 

seasonal variations of levoglucosan in fine particulate matter in Xi’an, China, J. Air 
Waste Manage., 64, 1317–1327, 10.1080/10962247.2014.944959, 2014.” (page 27 line 
41; page 28 line 1–2) 

In Sect. 4.6 (original Sect. 4.3), we refer to Zhang et al. (2015a, Atmos. Chem. Phys.)  
Except the citations pointed out by the reviewer, we find out more mistakes, and correct them all 
thoughtout the manuscript: 

(1) Zhang et al.,  2014b  (revised to “Y. Zhang et al., 2014a”) 
(2) Zhang et al.,  2014c  (revised to “Y. Zhang et al., 2014b”) 

(3) Liu et al., 2014a (revised to “G. Liu et al., 2014”) 
(4) Liu et al., 2014b (revised to “J. Liu et al., 2014”) 
(5) Huang et al., 2014a (revised to “R. Huang et al., 2014”) 
(6) Huang et al., 2014b (revised to “X. Huang et al., 2014”) 
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