Itemized Response to Editor’s Comments
Ms. Ref. No.: ACP-2021-1016
Title: Measurement report: Intra- and interannual variability and source apportionment of  volatile organic compounds during 2018–2020 in Zhengzhou, central China

 
1.Was the figure in the original revised manuscript erroneous and not fitting the text?
Response: Yes. Figure 4 in the original revised manuscript was erroneous due to our carelessness.

2.Why is the figure different: is just the updated PMF as suggested by the referee?
Response: Yes. The inconsistency in Fig.4 is given by a different PMF run. During the review process, referees  put forward many opinions on this study, especially for the PMF factor identification (see below). In the original revised manuscript, the factors were constrained by using the tool of toggle constraint in the PMF model with a reasonable dQ value. The constrained results with the new factor profile are more relevant to the local source profiles and emission inventory. Consequently, Section 3.1 was rewritten, however, Figure 4 was not updated meanwhile due to our carelessness. Therefore, we apply for updating Figure 4 during proofreading.

[image: ]
Fig.4 Source profiles and contribution percentages during the observation period by PMF model (bar is a mixing ratio and dot is a percentage)

The comments of reviewers on the PMF results and the corresponding modifications are listed below. 
1. Section 2.2 is quite stingy of details and should be enriched. I would suggest to mention the work of Belis et al. (Atmospheric Environment X, 5, 2020, 100053) regarding performances of receptor models and mention if specific constraints were used in the PMF run and how measurement uncertainties were taken into account and what is the total variable used.
Response: Thanks for your suggestions. We have corrected it. The description of PMF has been updated.
“In this study, analysis of the source of the VOCs was performed using the EPA PMF 5.0 model, which is a receptor model used widely for source apportionment (Gao et al., 2018; Yadav et al., 2019). Detailed information regarding this method is available in the user manual (Norris et al., 2014) and other related literature (Song et al., 2019a, 2019b). Two input files are required for PMF: the concentration values and the uncertainty values of the individual VOC species. The uncertainty is calculated using Eq. (1) when the species concentration value is higher than its method detection limit (MDL), or using Eq. (2) when the concentration is less than or equal to the MDL:
Unc =,	          (1)
Unc = ,                   (2)
where c is the concentration of the individual VOC species, and EF is the error fraction, which was set to 10% of the VOC concentration (Yuan et al., 2012).
Owing to the complexity of the chemical reactions, not all of the VOC species were used in the PMF analysis. Based on previous work, this study adopted the following principles for the selection of the VOC species. (1) Species with more than 25% of data missing or below the MDLs were rejected, which follows the methodology of previous studies (Zhou et al., 2019). (2) Species with short atmospheric lifetimes were excluded because they rapidly react away in the atmosphere. (3) Species that represent source tracers of emission sources were retained (e.g., in the case of isoprene). Eventually, 27 VOC species were selected for source apportionment analysis. VOC species were grouped into strong, weak and bad according to their signal/noise ratio (S/N), and there were 23 and 4 species grouped into strong and weak, respectively. It should be noted that the volumetric concentration (ppbv) of the individual VOC species was converted to mass concentration (μg m−3) before being input into the PMF model.
Choosing the optimal number of factors in the model is important. The number of factors depends on Q (ture)/Q (robust) and Q/Qexpected (Qexp). In theory, Q (ture)/Q (robust) < 1.5 and a value close to 1 is considered reasonable (Ulbrich et al., 2009), and the rate of change of Q/Qexp should be stable and the ratio should be close to 1 (Baudic et al., 2016; Hui et al., 2019). In this study, the numbers of factors used for the PMF analysis were tested from three to eight, and the optimum six-factor solution with Q/Qexp = 0.94, (Q (ture)/Q (robust) = 1.0) was selected. Additionally, Fpeak values from −1 to 1 with 0.1 intervals were used in the model, and Fpeak = -0.2 was established as the best solution (as shown in Fig. S1).”

2. In supplementary material, and related to the previous point. It is mentioned principal component analysis on this dataset but there is not trace of it in the paper. In addition, it should be explained how the number of factors was chosen because Figure 1 with a constantly decreasing Q/Qe does not seem to allow this identification by itself.
 Response: Sorry for the mistake. We have corrected it. The description has been corrected to “Choosing the optimal number of factors in the model is important. The number of factors depends on Q (ture)/Q (robust) and Q/Qexpected (Qexp). In theory, Q (ture)/Q (robust) < 1.5 and a value close to 1 is considered reasonable (Ulbrich et al., 2009), and the rate of change of Q/Qexp should be stable and the ratio should be close to 1 (Baudic et al., 2016; Hui et al., 2019). In this study, the numbers of factors used for the PMF analysis were tested from three to eight, and the optimum six-factor solution with Q/Qexp = 0.94, (Q (ture)/Q (robust) = 1.0) was selected. Additionally, Fpeak values from −1 to 1 with 0.1 intervals were used in the model, and Fpeak = -0.2 was established as the best solution (as shown in Fig. S1)”.
[image: ][image: ]
Fig. S1 The Q/Qexp and Q (ture)/Q (robust) ratios in different solutions (a); the Q/Qexp ratio for different Fpeak value solutions (b).
3. The authors have focused their measurements on compounds that come only from primary emissions and have no secondary photochemical sources. This can be justified for a PMF study, where the focus is source apportionment. The advantage of that approach is that when OVOCs are excluded the PMF will not form several different factors for photochemically formed compounds. Neither will it form factors for air masses with different photochemical age as was seen in some PMF source apportionment studies from China which included OVOCs. The disadvantage of leaving out OVOCS is that it makes no sense at all to talk about ozone formation potential or OH reactivity when the most reactive ozone precursors are missing. These things can only be discussed when the most important contributors, the OVOCs, are included in the study. Hence with the present data it is better to focus the objective around identifying sources and comparing the pie charts of the total VOCs and of individual compounds with different emission inventories.
Response: Thanks for your suggestions. Comparisons with emission inventory studies were supplemented.
[bookmark: bbib46]This study compared the annual average relative contributions of different sources with results from published emission inventory studies. In the VOCs anthropogenic emission inventories established by Lu et al. (2020), 8 categories were classified in VOCs sources, including stationary combustion, on-road mobile source, non-road mobile source, industrial process, solvent use source, fuel oil storage and transportation, biomass burning, and others. Vehicle exhaust made the most abundant source of anthropogenic VOCs in both EI and PMF, accounting for 29.7% and 36.9%, respectively. The differences were observed between the result of EI and PMF, primarily because most of the vehicles considered were in urban areas. The contribution of industrial sources and solvent-use sources as the second and third largest sources in both EI and PMF. However, the contribution of those two sources obtained from PMF results was lower than that of the EI. The relative contribution of the combustion sources resolved from PMF was higher than that in the EI, accounting for 9.4% and 4.3%, respectively. Large differences are primarily because of the uncertainties of activity data obtained from statistical information. The residential energy consumption and emissions were poorly recorded in comparison with other sources (Chen et al., 2016; Tao et al., 2018), leading to higher uncertainties in emission estimations. Thus, it is necessary to estimate emissions of residential fossil fuel combustion through scientific approaches.
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Fig.S6 Contribution of each source calculated using PMF and EI.
4. My second major concern is with the PMF factor identification which is quite unconvincing for some of the factors and not supported by source samples. Pallavi et al. 2019 (Atmos. Chem. Phys., 19, 15467–15482, 2019 https://doi.org/10.5194/acp-19-15467-2019) showed that factor profiles can be contrasted with samples collected near a source or directly at the tailpipe to validate factor profiles and justify factor identification. For factors for which this should be easy such as vehicular exhaust and coal/biomass burning source profiles should be recorded and plotted together with factor profiles to avoid blaming the wrong sources.
Response: Thanks for your suggestions. As shown in Fig. S5, the source profiles derived from the PMF analysis were compared with their sources attributed to the source profiles. The data of the source profiles were derived from a local tunnel experiment and a review of the most recent literature. The source profiles for solvent use correlated most strongly between the two methods (R = 0.84). A study by Jin et al. (2022) identified that low-carbon alkanes (e.g., ethane, propane, and isopentane), alkenes (e.g., ethylene, propene, and 1-butene), and aromatics (e.g., benzene, toluene, and m/p-xylene) were the main groups in the tunnel study, and that vehicle emissions agreed well between this factor and the source profiles (R = 0.59). Different profiles of combustion sources were investigated, and the correlation between the results of NG combustion and the PMF factor was strongest (R = 0.57). The above results are to be expected because Zhengzhou has gradually phased out coal-fired boilers and replaced them with gas boilers in recent years. As for industrial sources, the correlation between the two methods was 0.43. The C2-C3 hydrocarbons accounted for a high proportion in factor 1, whereas the content of aromatics was lower. Industrial production of nonmetallic mineral products in Zhengzhou is reasonably well developed, which leads to large emissions of ethane and propane. The main contributing source of aromatic hydrocarbons is rubber and plastics. However, the scale of the enterprises involved in their production is far lower than that in the Pearl River Delta; consequently, the emission of aromatic hydrocarbons is lower in Zhengzhou. 
[image: ]
Fig.S5 The comparison between source profiles derived from the PMF against their attributed sources from the source profiles (bar is associated with PMF and dot is associated with source profiles).
[bookmark: bbib3][bookmark: bbib16][bookmark: bbib44][bookmark: bbib65]5. Among the factors reported, the following factors are likely to be correctly identified: “Biogenic”, “LPG/CNG” and “Vehicular exhaust”. Based on the source fingerprints published by Hakkim et al. 2021 ATMOSPHERIC ENVIRONMENT: X 11 (2021) 100118 this “vehicular exhaust” fingerprint is plausible for a fleet comprising of a mixture of LPG, CNG and conventional petrol/diesel vehicles. It may be best evaluated against a traffic junction sample since it doesn’t carry the signature of any specific tail pipe exhaust.
Response: Sorry for the mistake. The vehicle exhaust source was rewritten. Factor 3 was was identified by high percentages of C2-C6 alkanes (i.e., ethane (37.8%), propane (46.9%), iso-butanes (40.9%), n-butanes (38.5%), n-pentane (26.0%), iso-pentane (31.6%), ), C2-C4 alkanes (i.e.,ethylene (31.4%), propylene (38.4%) and 1-butene (67.4%)) and C6-C8 aromatics (i.e., benzene (21.4%), toluene (30.7%) and m/p-xylene (25.6%)). These components are considered to be typical products of incomplete combustion processes (Baudic et al., 2016; Gaimoz et al., 2011; Liu et al., 2008a; Song et al., 2018). It is reported that i-pentane were usually originated from gasoline evaporation (Mo et al. 2017), and 2-methylpentane and 3-methylpentane are tracers of gasoline vehicle exhausts (Tsai et al., 2003; Liu et al., 2008; Song et al., 2018). A ratio of T/B was 2.0 in this profile, which further confirmed the effect of vehicular emissions (Yao et al. 2021). In addition, the source correlated significantly with CO and NO2 (p<0.01), but not with SO2 (p>0.05). Therefore, source 3 was identified as vehicle exhaust.
6. Factor 5 cannot be a solid fuel combustion source as solid fuel combustion always produces a set of aromatic hydrocarbons (Benzene, toluene, xylenes) and some other compounds e.g. several alkanes and alkenes at the same time. A source with large quantities of few very specific compounds (ethane, benzene, acetylene in this case) is typically industrial in nature. Benzene and acetylene are the only two compounds that have significantly higher emission factors in any type of flaming combustion with very high combustion efficiency while ethane and the small quantities of other hydrocarbons such as propane in the source profile could be unburned fuel leaking. So, it appears to me that this source profile is from a very specific source that is burning almost pure ethane gas. If there is petrochemical industry around then this could be a gas flare. It is very unlikely that the source is combusting coal of solid biofuel. Solid fuels like coal and biomass burning usually emit a larger set of aromatic hydrocarbons including C8 and C9 aromatics, and larger quantities of alkenes such as ethene and propene. If the authors want to make a case that this is coal burning or solid biofuel burning, they would have to collect source samples to show the source profile. However, many authors have published source profiles for a wide range of combustion in different kind of devices in China. E.g. Yan et al. 2016 Atmospheric Environment Volume 143, 261-269 published source profiles from power plants fired with different types of coal and biomass. Alkenes dominate the emission profiles followed by alkanes and aromatics. Wang et al. 2013 Front. Environ. Sci. Eng. 2013, 7(1): 66–76 showed that alkenes and carbonyls dominated emissions when solid fuels such as coal or biomass briquettes used in residential stoves. Yang et al. 2020 published emission factors for coal and oil boilers Journal of Environmental Sciences Volume 92, June 2020, Pages 245-255. Overall, this factor is incompatible with solid or even liquid fuel and must be caused by some kind of gas burner unless it is the same source as the “industrial source” getting split into two different sources to account for different combustion efficiencies in different parts of the industrial process cycle.
Response: Sorry for the mistake. This source was considered to be fuel burning. Different source profiles of combustion sources were investigated, and the correlation between the results of natural gas combustion and PMF factor is more correlated (R=0.57). The results are expected because Zhengzhou has gradually banned coal-fired boilers and replaced them with gas in recent years. 
· Factor 5 was distinguished by substantial amounts of acetylene (72%), which is a marker of combustion sources (Hui et al., 2021). Additionally, the source was also characterized by considerable amounts of benzene and C2-C3 hydrocarbons, which are representative species of incomplete combustion processes (Zheng et al., 2021). Meanwhile, the independent tracers (i.e., NO2, SO2, and CO) exhibited a correlation with this factor (R2 > 0.3, p < 0.01); therefore, source 5 was considered to be fuel burning. Factor 5 displayed high CPF values when the wind was from the east. This is possibly related to the heating companies located within 1.0 km to the east of the site. The diurnal variation of this factor was characterized by apparent increase at night, which could be related to the accumulation of pollutants associated with nighttime heating.
7. The factor identification of Factor 2 Solvent use may be correct but would have to be supported with source profiles. In fact, among all factor profiles in this study, this factor profile is probably the one most compatible with stack sample of coal / biomass fired power plants from Yan et al. 2016 Atmospheric Environment Volume 143, 261-269 or coal/oil fired boilers Yang et al. 2020 Journal of Environmental Sciences Volume 92, June 2020, Pages 245-255. Hence the authors would have to match the source profile against solvent source profiles e.g. from Lui et al. 2008 Atmospheric Environment Volume 42, Issue 25, August 2008, Pages 6247-6260 and the alternative source profiles (coal/biofuel) and would have to decide based on that analysis as well as the conditional probability plots (in which direction from the observational site is Zhengzhou thermal power plant located) in addition to the correlation with other combustion tracers currently used to affirm the identification.
Response: Thanks for your suggestions. This factor was rewritten. Factor 2 (F2) was characterized by high n-hexane (60.4%), n-octane (26.3%), methyl cyclohexane (20.4%), o-xylene (79.6%), m/p-xylene (61.7%), p- diethylbenzene (84.0%), o-xylene (79.0%), m-ethyl toluene (57.8%), o-ethyl toluene (29.2%), ethylbenzene (51.1%) and toluene (20.8%). These compounds are major components emitted from various solvents or industrial processes (Zhou et al. 2019, Wang et al. 2021). However, there are almost no tracers of ethane, ethene, acetylene, and benzene related to combustion sources, and this source appeared to exhibit poor correlations with gas tracers (R2<0.10). Therefore, F2 was identified as solvent use. And the source profiles for solvent use correlate most strongly between the two methods (R=0.84). The CPF plots of this factor suggested southeast was the dominant source directions. This may be because the large automobile manufacturers in southeast of urban area. 
The source profiles derived from the PMF analysis were compared with their sources attributed from the source profiles. The data of the source profiles were derived from a review of the most recent literature. The source profiles for solvent use correlated most strongly between the two methods (R = 0.84). “
To summarize, through the comments of reviewers, the content of PMF in the manuscript was modified and improved. However, Figure 4 was not updated at this time. Therefore, we apply for updating Figure 4.

3.Then, I get suspicious to the revised version, as this implies that only few figures were updated and not consistent with the submitted text.
Response: Sorry for the misunderstanding. We have checked all figures and texts in the revised version, and there are no such low-level errors in the article. 
[bookmark: _GoBack]
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