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Response to the Comments of the Reviewer #1 
In this manuscript, the authors investigate evaporative emissions from in-use light-

duty gasoline vehicles under China’s latest regulatory standards. They quantify and 
compare emission characteristics—including emission factors, chemical 
composition, and total hydroxyl radical reactivity (kOH)—across three processes 
(HSL, DBL24h, and DBL48h) for vehicles compliant with the China VI and China 
V standards. The study identifies key reactive volatile organic compound (VOC) 
species contributing to atmospheric photochemical processes. 

The methodology of this paper is innovative, through the collection of on-site 
observation data, combined with mass spectrometry and other qualitative and 
quantitative methods, the study integrates the use of online and offline techniques, 
making the analysis more comprehensive. This study fills the gap of evaporative 
emission data under the new emission standard, provides a high-precision scientific 
basis for the control of motor vehicle evaporative emission, and has an important 
reference value for motor vehicle pollution control policy. The manuscript deserves 
to be published in the journal after the authors address the concerns below. 
Response: We appreciate the great efforts and elaborate work of the reviewers. Based 
on the comments, we have made corresponding revisions. In the following, the 
reviewer's comments are marked in italics, and the revisions made to the manuscript 
are in blue standard form. Lastly, we would like to thank you again for your constructive 
comments. 

------------------------------------------------------------------------------------------ 
Specific comments: 

The authors note significant discrepancies in evaporative emission components 
and emission factors across different studies, attributing these differences primarily 
to the number of species measured (P4, Lines 105–112). However, the discussion 
lacks further analysis of other potential influencing factors such as vehicle operation 
conditions, fuel formulation, temperature variations, or carbon canister aging. It is 
recommended to include a more comprehensive discussion of these aspects in this 
section. 
Response: We appreciate your comment and apologize for the problem in our 
description. In the revision, we have added analysis and discussion. The following 
revised content is in the third paragraph of the section 1 in the manuscript. 

The chemical composition of VOCs emitted by vehicle evaporation mainly consists 
of alkanes, alkenes, aromatics and oxygenated VOCs (OVOCs) (Man et al., 2020; Liu 
et al., 2022). However, there are significant differences in chemical composition 
understanding in different studies. For example, some studies suggest that the 
proportion of alkanes in the DBL process reaches 68.5 - 91.6% (China IV and T2), 
while others suggest it was 55.3% and 51.1% (China IV and V). This difference was 
mainly due to the different number of species being focused on, with the former testing 
57 VOCs and the latter testing 115 VOCs, measuring the number of species directly 
affects the understanding of the composition of emission components (Yue et al., 2017; 
Zi et al., 2023).  In the study of evaporative emissions, measurement procedures 
corresponding to national standards are usually used to ensure consistency in 



measurement methods. However, the fuel formulation is also a factor that affects the 
chemical composition of evaporative emissions. For example, the use of ethanol 
gasoline has increased the contribution of low-carbon species(Li et al., 2024). In 
addition, in the testing of China VI vehicles, there is a significant difference in the 
contribution results of OVOCs, through comparison, it was found that there are 
significant differences in fuel formulation and vehicle condition (Liu et al., 2022; Zi et 
al., 2023). In the study of gasoline evaporation, branched chain alkenes (BC-alkenes) 
were considered as important OH radical reactive species in gasoline evaporation (Wu 
et al., 2015). In addition, emissions of BC-alkenes have also been observed in oil sands 
facilities, such as 2-methyl-2-butene and 2-methyl-1-butene (Li et al., 2017). 
Measurement of BC-alkenes emissions was also noted in early studies on evaporative 
emissions (Liu et al., 2008; Lu et al., 2003; Zhang et al., 2013). However, there are 
currently few measurements of this species in research on vehicles in China VI and V. 
At present, GC-MS/FID (Gas Chromatography-Mass Spectrometry/Flame Ionization 
Detection) is commonly used for measuring VOCs, with reference gases such as PAMS 
(Photochemical Assessment Monitoring Stations) and TO-15 (Toxic Organics-15) (Liu 
et al., 2022; Zi et al., 2023; Yue et al., 2017). However, there is still insufficient attention 
paid to the measurement of BC-alkenes, which directly affects the understanding of the 
evaporation and emission characteristics of China VI and V vehicles. Therefore, 
improvements can be made in the measurement method by determining the 
measurement species based on the characteristics of evaporative emission sources, and 
obtaining a more comprehensive VOCs emission source profiles. Moreover, in terms 
of emission factors, the DBL24 emissions of in-use vehicle and new vehicle in China 
V were 5.27 g/test and 0.81 g/test, respectively, indicating that in use vehicles may have 
significantly increased emissions due to aging vehicle configurations (Liu et al., 2022). 
However, previous study has also suggested that the in-use vehicle of China V (DBL24) 
was 0.55 g/test (Yue et al., 2020). This significant difference in chemical composition 
and emission factors also lead to inconsistent understanding of evaporative emissions. 
Improvements can be made in measurement techniques and experimental procedures, 
such as adding measurement methods, customizing experimental fuel formulation, and 
selecting test vehicles, to ensure a complete and accurate understanding of evaporation 
emissions. Therefore, further research is needed on the composition of chemical 
components and emission factors, especially on the China VI vehicles after the revision 
of evaporative emission standards, which are still relatively rare compared to vehicle 
research in China V and before. 
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compound emissions from oil sands facilities in Alberta, Canada, Proc. Natl. Acad. Sci., 
114, E3756-E3765, 10.1073/pnas.1617862114, 2017.  
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2013.  
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------------------------------------------------------------------------------------------ 
The study highlights the critical role of branched-chain alkenes (BC-alkenes) in 

accounting for missing OH reactivity, emphasizing the need for their inclusion in 
chemical analysis. However, the Introduction section does not mention this rationale. 
It is suggested to include a relevant discussion in the Introduction to better justify the 
novelty and significance of the study. 
Response: We appreciate your comment and have added the relevant discussion 
content. The following revised content is in the third paragraph of the section 1 in the 
manuscript. 

In the study of gasoline evaporation, branched chain alkenes (BC-alkenes) were 



considered as important OH radical reactive species in gasoline evaporation (Wu et al., 
2015). In addition, emissions of BC-alkenes have also been observed in oil sands 
facilities, such as 2-methyl-2-butene and 2-methyl-1-butene (Li et al., 2017). 
Measurement of BC-alkenes emissions was also noted in early studies on evaporative 
emissions (Liu et al., 2008; Lu et al., 2003; Zhang et al., 2013). However, there are 
currently few measurements of this species in research on vehicles in China VI and V. 
At present, GC-MS/FID (Gas Chromatography-Mass Spectrometry/Flame Ionization 
Detection) is commonly used for measuring VOCs, with reference gases such as PAMS 
(Photochemical Assessment Monitoring Stations) and TO-15 (Toxic Organics-15) (Liu 
et al., 2022; Zi et al., 2023; Yue et al., 2017). However, there is still insufficient attention 
paid to the measurement of BC-alkenes, which directly affects the understanding of the 
evaporation and emission characteristics of China VI and V vehicles. Therefore, 
improvements can be made in the measurement method by determining the 
measurement species based on the characteristics of evaporative emission sources, and 
obtaining a more comprehensive VOCs emission source profiles. 
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vehicles, Atmos. Environ., 312, 120024, 
https://doi.org/10.1016/j.atmosenv.2023.120024, 2023. 

------------------------------------------------------------------------------------------ 
In the methodology, the China VI test procedure includes the carbon canister 

loading step after the first refueling. Was this adjustment intended to simulate the 
initial adsorption state of the canister following long-term vehicle parking? Please 
clarify the rationale behind this modification and its potential influence on test 
results. 
Response: We appreciate your comment and supplemented the description of this 
section. As you asked, loading the carbon canister after refueling also reflects to some 
extent the long-term parking situation of the vehicle. We believe that there are several 
considerations for this preprocessing, which aims to reflect the evaluation of the control 
level of vehicle evaporative emissions and the actual emission results. The first process 
of draining, refueling, and soaking the vehicle is mainly to eliminate the influence of 
existing oil (unknown source) in the vehicle and reduce its impact on the experimental 
results. By driving and performing operations such as draining and refueling again, the 
impact of this situation can be eliminated, allowing the vehicle's fuel to be replaced 
with customized gasoline. Exclude the impact caused by differences in oil products. 
The evaporative emissions of vehicles are mainly controlled by the adsorption capacity 
of carbon canister. Loading and breakdown the carbon canister, while experiencing high 
temperature soaking, can be considered as the vehicle having been parked for a long 
time, causing the carbon canister to lose its adsorption capacity. The driving of the 
vehicle can cause the desorption of hydrocarbons adsorbed in the carbon canister, 
allowing the canister to regain its adsorption capacity. Therefore, through a unified 
driving cycle, the carbon canister adsorption capacity of the vehicle can be activated 
before conducting evaporative emission testing, which can better reflect the actual 
situation of the vehicle and also help to compare the emission results of different 
vehicles. This is also the reason why this study uses a unified vehicle testing method 
for evaporative emissions. Therefore, the following revised content is in the first 
paragraph of the section 2.1 in the manuscript. 

After the vehicle undergoes various processes, such as draining gasoline, refueling, 
pre-treatment driving, draining gasoline and refueling again, carbon canister loading, 
and high-temperature driving, etc. The carbon canister of the vehicle's evaporative 
emission system is loaded and breakdown, and the vehicle is soaking in high 
temperature. After the evaporative emission control system fails, it undergoes a unified 
driving cycle, activating the carbon canister's adsorption capacity. At this point, it can 
reflect the actual situation of the vehicle's ability to control evaporative emissions. 
Based on this state, conducting evaporative emission testing can obtain the true 
evaporative emission results of the vehicle. After the vehicle is driven at high 
temperatures, HSL, DBL24 and DBL48 (emissions on the second day after parking) 
measurement are conducted in the SHED. 

------------------------------------------------------------------------------------------ 
The study emphasizes that BC-alkenes contribute 25.7–39% to OH reactivity (P23, 

Lines 520–523). However, Section 2.2 only mentions the use of seven BC-alkene 



standards for calibration (Line 212), without providing validation details. This could 
lead to potential over- or underestimation of highly reactive species. It is 
recommended to include (in the Methods or Supplementary Materials) the standard 
curve parameters, repeatability test results, and recovery rates from spiked blank 
matrices, as well as discussion on possible interferences and how they were mitigated. 
Response: We appreciate your comment and relevant descriptions were added to the 
method. The following revised content is in the fourth paragraph of the section 2.2 in 
the manuscript. 

Before each sample measurement, a nitrogen sample will be measured to ensure 
equipment stability before conducting sample testing. The quantitative curve of GC-
MS/FID was performed using a customized mixed standard gas of 116 VOCs 
components. Set five concentration gradients were set during calibration, namely 0.5, 
1, 2, 4 and 8 ppb, and repeat each concentration gradient twice. The R2 of calibration 
curve was 0.98 or above. The VOCs species were shown in Table S3. For species with 
overlapping OVOCs components and VOCUS-Eiger measurements, use VOCUS-
Eiger measurement results. We have customized 7 BC-alkenes, isobutene, 3-methyl-1-
butene, 2-methyl-1-butene, 2-methyl-2-butene, 4-methyl-1-pentene, 2-methyl-1-
pentene and 2-methyl-2-pentene. Characteristic ion fragments were considered in the 
measurement, peak retention times were identified and these fragments were added to 
the GC-MS/FID measurement method to obtain calibration data, thereby achieving 
quantitative determination of the sample concentration (Table S4). The establishment 
of the standard curve is consistent with the 116 VOCs component method mentioned 
above. The R2 of the calibration curve can reach 0.99. Considering the measurement of 
isoprene in 116 VOCs components, a total of 8 BC-alkenes were quantitatively 
measured in this study. 

------------------------------------------------------------------------------------------ 
Figures 4 and 7 present source profile information, but due to the high number of 

species displayed, it is difficult to identify key components. It is suggested to simplify 
the figures by grouping similar compounds and highlighting the top 10 individual 
species, or breaking the figures into subpanels with a clearer focus on critical 
contributors. 
Response: We appreciate your comment and have made revised to Figures 4 and 7 
based on your suggestions. In order to better display the key species in the source 
profiles, we have plotted the key 10 individual species in the source profiles and Figures 
4 and 7 with complete source profiles data were included in the supplementary materials 
(Figures S4 and S5). 



 
Figure 4. Weight percentage of HSL, DBL24 and DBL48 key species in the source 
profiles for evaporative emissions; the complete source profiles information is shown 
in Figure S4 of the supplementary materials. 

 
Figure 7. OH reactivity percentage of HSL, DBL24 and DBL48 key species in the 
source profiles for evaporative emissions; the complete source profiles information is 
shown in Figure 4 of the supplementary materials. 



------------------------------------------------------------------------------------------ 
In the hot soak loss (HSL) test, China VI vehicles were tested at 38 °C after high-

temperature driving, whereas China V vehicles were tested at ambient temperatures 
(23–31 °C). As temperature is a key variable, could this difference confound 
comparisons between standards? High temperatures promote the volatilization of 
high-boiling-point VOCs (e.g., aromatics), possibly resulting in a systematic 
overestimation of China VI emissions and underestimation for China V. (P13, Lines 
320–334) 
Response: We appreciate your comment. As you mentioned, different temperature 
settings can lead to differences in evaporative emissions. Due to the modification of the 
testing temperature setting in the China VI and V standards, we have given particular 
consideration to the impact of this factor in the experimental design. So, when this study 
was conducted, the testing procedures for implementing the China VI emission 
standards for China VI and V vehicles were targeted. Through a unified testing process 
(China VI), it can more accurately reflect the differences in evaporative emissions of 
vehicles at different emission stages. The China VI standard has improved the 
temperature setting for testing compared to China V, and the representativeness of 
measurement results has also been improved compared to actual environmental 
conditions (Rodríguez et al., 2019). On this basis, as a comparison, we also chose the 
same vehicle (vehicle G) and also conducted evaporative emission results for different 
testing procedures. Therefore, the following revised content is in the third paragraph of 
the section 3.1 in the manuscript. 

Higher ambient temperatures promote evaporative emissions (Huang et al., 2022). 
The China VI testing method shows a significant improvement in the temperature 
setting of the testing program compared to the China V testing method. In order to 
demonstrate the differences in results between different testing methods, the same 
vehicle (vehicle G) was selected and a comparison was made between the China VI and 
China V testing methods. Using vehicle G (China Ⅵ test method) for testing, the THC 
of HSL was 1.5 times higher than the corresponding G' (China Ⅴ test method) values 
(Figure S3). The testing procedure of China Ⅴ has a temperature setting of 23 ℃ - 31 ℃ 
(test setting at 25 ℃) in the HSL, which may not reflect the actual environmental 
conditions. By contrast, the 38 ℃ set by China Ⅵ HSL is closer to the environmental 
characteristics of the summer high temperature weather and also enhances the 
representativeness of the test results (Rodríguez et al., 2019). 
References: 
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from different fuel types in China, Sci. Total Environ., 813, 152661, 
https://doi.org/10.1016/j.scitotenv.2021.152661, 2022.  

Rodríguez, F.;Bernard, Y.;Dornoff, J.;Mock, P.: Recommendations for post-Euro 6 
standards for light-duty vehicles in the European Union, The International Council on 
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------------------------------------------------------------------------------------------ 
Section 3.2 establishes source profiles for China V/VI vehicles (Figure 4) and 



suggests their applicability in source apportionment and emission inventory 
improvement (Lines 682–684). However, all measurements were based on a single 
gasoline type (China VI 95# gasoline, Table S1) and a limited number of vehicles (9 
sedans/SUVs). Please clarify the applicability scope of these profiles and suggest 
boundaries for their use in the Conclusions section. 
Response: We appreciate your comment and the description of this part was added in 
the conclusion section. The following revised content is in the second paragraph of the 
section 4 in the manuscript. 

This study conducted measurements of VOCs components in evaporative emissions 
from in-use vehicles with different emission standards (two evaporative emission 
standards in the current fleet) and vehicle conditions (normal emissions and high 
emissions states) using customized China VI stage gasoline. In the chemical 
composition, n-butane (3.2 - 26.1%), isopentane (6.2 - 13.5%), n-pentane (3.6 - 8.4%), 
toluene (6.1 - 16.0%), m/p-xylene (2.5 - 10.7%), MTBE (5.3 - 7.4%) and 4-methyl-2-
pentanone (0.4 - 5.8%) were the main contributors. For BC-alkenes and L-alkenes, 2-
methyl-2-butene (1.6 - 4.3%), 2-methyl-1-butene (0.7 - 2.0%), and trans-2-pentene (1.6 
- 3.4%) were found to be the main components. Simultaneously obtained the source 
profiles corresponding to high emission vehicles caused by high mileage and abnormal 
carbon canister. The supplementary measurement of BC-alkenes has also expanded the 
current understanding of the source profiles evaporative emissions from China VI and 
China V vehicles. In the analysis of evaporative emission tracer ratio, the n-
pentane/ethane and MTBE/B ratio serve as a diagnostic marker to identify evaporative 
emissions and other vehicle-related sources. The established evaporative emission 
source profiles and the proposed tracer species ratio in this study can serve as important 
references for VOCs source apportionment in atmospheric ambient, and further identify 
the contribution characteristics of evaporative emissions based on vehicle emission 
sources. It also contributes to the improvement of evaporative emission inventories and 
the establishment of emission reduction governance systems based on key species. 
  



Response to the Comments of the Reviewer #2 
This manuscript reports the VOCs and OH reactivity characteristics of vehicle 

evaporative emissions. The study selected two main emission standard stages from 
the Chinese vehicle fleet as test objects, which can to some extent reflect the important 
characteristics of evaporative emissions from Chinese vehicle fleet. The team also 
improved the measurement method and used direct measurement of OH total 
reactivity to measure evaporative emissions. The research results are relatively rare 
and have high scientific significance. Anyway, some revisions need to be made before 
acceptance. 
Response: We appreciate your comments and great efforts on this manuscript. Based 
on your comments, we have made corresponding revisions. In the response, the 
reviewer's comments are marked in italics, and the revisions made to the manuscript 
are in blue standard form. Lastly, we would like to thank you again for your constructive 
comments. 

------------------------------------------------------------------------------------------ 
Major comments: 
In the research methodology, the author only selected gasoline vehicles in two 
emission standard stages, China VI and China V. Why were measurements not 
conducted on previous emission standard vehicles, such as China IV and China III, 
according to the China Mobile Source Environmental Management Annual Report 
(2024), these vehicles still have a high contribution to the emission of air pollutants. 
Response: We appreciate your comment and this issue was indeed within the scope of 
our experimental design considerations. Based on your suggestion, we have made 
modifications to the description in the methodology. The following revised content is 
in the first paragraph of the section 2.1 in the manuscript. 

In the emission standards of China V and previous stages, the implementation of 
emission limits is consistent (2 g/test), and the testing methods from China III to China 
V were also the same. According to statistical data, hydrocarbons emitted by vehicles 
in the stages of China III to China V are the main source of emissions for gasoline 
vehicles (Ministry of Ecology and Environment, 2022, 2024). Therefore, in the 
experimental design of this study, China V vehicles were used as the vehicles for the 
previous stage of emission standards for testing, in order to compare with China VI 
emission stage vehicles. 

References: 
Ministry of Ecology and Environment: China Mobile Source Environmental 

Management Annual Report, 2022. 
Ministry of Ecology and Environment: China Mobile Source Environmental 

Management Annual Report, 2024. 
------------------------------------------------------------------------------------------ 

The description of the method in Section 2.3 is not clear enough and needs to be 
revised accordingly. The calculation method of emission factors of VOCs species is 
described. In this experiment, the evaporative emission test using VT-SHED should 
emphasize whether there is gas exchange during the measurement. In addition, the 
calculation process of THC should also be given here. The calculation formula can 



refer to the relevant standard (GB 18352.6-2016). 
Response: We appreciate your comment and have made revisions to the issues in the 
manuscript. The following revised content is in the first paragraph of the section 2.3 in 
the manuscript. 

The emission calculation of THC in the experiment was carried out by the SHED 
online measurement system, and its calculation method refers to the calculation process 
of THC in the China VI standard (GB 18352.6-2016). The description is as follows: 

𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑘𝑘 × 𝑉𝑉 × 104 × �𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇,𝑓𝑓×𝑃𝑃𝑓𝑓
𝑇𝑇𝑓𝑓

− 𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇,𝑖𝑖×𝑃𝑃𝑖𝑖
𝑇𝑇𝑖𝑖

� + 𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇,𝑜𝑜𝑜𝑜𝑜𝑜 − 𝑀𝑀𝑇𝑇𝑇𝑇𝑇𝑇,𝑖𝑖𝑖𝑖       (1) 

where EFTHC is the evaporative emission mass of THC, g; k is a constant, 1.2×
(12+H/C), in the HSL and DBL processes, H/C was set to 2.2 and 2.33, respectively; V 
is the corrected volume of SHED, m3; CTHC,f is the final concentration of THC within 
SHED, ppm; CTHC,i is the initial concentration of THC within SHED, ppm; Pf and Pi 
are the pressure at the end and start of the sampling process, kPa; Tf and Ti are the 
pressure at the end and start of the sampling process, K; MTHC,out and MTHC,in are the 
amounts of THC emitted and entering SHED during the experiment, respectively; there 
was no exchange of THC between SHED and the ambient atmosphere during this 
experiment. Based on this formula, the evaporation emission factors of HSL, DBL24, 
and DBL48 were calculated separately. In the evaporative emission process, the unit of 
HSL is g/h, and, the unit of DBL is g/d. 

------------------------------------------------------------------------------------------ 
In Section 3.1, in the analysis of emission factors, the measurement results of high 
emission vehicles (Vehicle I) are noted. This result is different from previous studies. 
It not only gives the emissions of normal vehicles, but also has abnormal vehicle 
results. This result has good novelty and scientific value. In this part, the results of 
high emission vehicles are included in the supplementary materials, which makes the 
important results not highlighted. It is suggested that the author adjust the content 
of this part to highlight the results of high emission vehicles. 
Response: We appreciate your comment. To highlight the situation of high emission 
vehicles, we have plotted the results of high emission vehicles in Figure 2. 



 
Figure 2. Evaporative emission factors of different vehicles and processes (Liu et al., 
2015; Zi et al., 2023). (a) China Ⅵ HSL; (b) China Ⅴ HSL; (c) China Ⅵ DBL24; (d) 
China Ⅴ DBL24; (e) China Ⅵ DBL48; (f) China Ⅴ DBL48; CCAC: carbon canister 
adsorption capacity; *: CACC data could not be obtained, please refer to section 2.1 for 
details; #: the data has been reduced by 10 times. 
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evaporation emissions: status and control strategy, Environ. Sci. Technol., 49, 14424-
14431, https://doi.org/10.1021/acs.est.5b04064, 2015.  
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vehicles, Atmos. Environ., 312, 120024, 
https://doi.org/10.1016/j.atmosenv.2023.120024, 2023.  

------------------------------------------------------------------------------------------ 
There are still some problems in the language description of the manuscript, and the 
author is suggested to modify the language. 
Response: We appreciate your comment and have made language revisions to the 
manuscript. 

------------------------------------------------------------------------------------------ 
Specific comments: 
L73 and L83: “Euro4” and “E4” writing need to be unified. 
Response: We appreciate your comment and will use “E4” uniformly in the manuscript 



revision. 
------------------------------------------------------------------------------------------ 

L98-101: there is ambiguity in the expression, whether it is pollutant emissions or 
vehicle population, and please provide the specific time of the data. 
Response: We appreciate your comment and have made revisions to this description. 
The following revised content is in the second paragraph of the section 1 in the 
manuscript. 

Moreover, the stock of gasoline vehicles accounts for 88.7% of the Chinese fleet in 
2018, while the stock of diesel vehicles accounts for 41.3% in the European Union in 
2015(Environment, 2019; Chossiere et al., 2018). 

References: 
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Country- and manufacturer-level attribution of air quality impacts due to excess NOx 
emissions from diesel passenger vehicles in Europe, Atmos. Environ., 189, 89-97, 
https://doi.org/10.1016/j.atmosenv.2018.06.047, 2018. 

Ministry of Ecology and Environment. China Mobile Source Environmental 
Management Annual Report, 2019. 

------------------------------------------------------------------------------------------ 
L115: “China IV/V” can provide specific explanations to express its meaning. 
Response: We appreciate your comment and have made revisions to this description. 
This “China IV/V” expression refers to the results of testing vehicles in the China IV 
and V. In the description modification of the introduction, we have made improvements 
to this section and have avoided the vague expression. 

------------------------------------------------------------------------------------------ 
L74, L86 and L117: the author's writing of numbers and units is not standardized, at 
least consistency should be achieved in the manuscript. Please also check other parts 
of the manuscript for similar descriptions. 
Response: We appreciate your comment and have made revisions to this description. 
At the same time, we also checked other similar descriptions in the manuscript and 
made unified modifications. 

------------------------------------------------------------------------------------------ 
In Section 2.1, L143-145: the author conducted experiments using customized 
experimental gasoline. What is the purpose of this experiment and can be highlighted. 
Response: We appreciate your comment and have made revisions to this description. 
The following revised content is in the first paragraph of the section 2.1 in the 
manuscript. 

This experiment compared different emission stages of vehicle models during testing, 
so by using a uniform gasoline in the experiment, the influence of emission results 
caused by differences in gasoline products can be avoided. 

------------------------------------------------------------------------------------------ 
In Section 3.1, second paragraph, it is noted that abnormal carbon canister can lead 
to higher THC emissions, which is a significant conclusion and implies an important 
regulatory target for vehicle evaporative emissions. Suggest the author to conduct in-
depth analysis, such as the proportion of this type of vehicle in the actual vehicle fleet. 



Response: We appreciate your comment and have made revisions to this description. 
The following revised content is in the second paragraph of the section 3.1 in the 
manuscript. 

As the evaporation control system of motor vehicles, the working state of the carbon 
canister determines the control efficiency of evaporation emissions. Previous research 
has shown that the qualification rate of evaporative emission control systems in fleets 
was tested, and it was found that the qualification rate of vehicles in the China V stage 
was between 44 - 75%, and other studies have also shown it to be 33.83% (Lu et al., 
2022; Zhang and Hua, 2024). This indicates that abnormal conditions in the evaporative 
emission control system are a common problem, and also suggests that in the 
management of VOCs in vehicles, this part of the vehicles should be a key focus of 
supervision. 

References: 
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evaporation control system based on light-duty gasoline vehicle, The Administration 
and Technique of Environmental Monitoring (Adm. Tech. Environ. Monit.), 34, 45-48, 
10.19501/j.cnki.1006-2009.2022.03.008, 2022.  

Zhang, Y.;Hua, C. Research on the leakage detection of the operational vehicles fuel 
evaporation system, Automobile Applied Technology (Automob. Appl. Technol.), 112-
115, 10.16638/j.cnki.1671-7988.2024.021.021, 2024.  

------------------------------------------------------------------------------------------ 
L396: the writing of “PAMS (Photo Assessment Monitoring Stations)” is incorrect 
and needs to be corrected. 
Response: We appreciate your comment and the description of PAMS (Photochemical 
Assessment Monitoring Stations) has been modified. 

------------------------------------------------------------------------------------------ 
L398-400: this sentence description and logical analysis are not reasonable. The 
author mainly describes the emission characteristics here, and the “high reactivity” 
mentioned here is ambiguous. 
Response: We appreciate your comment and have made revisions to this description. 
The following revised content is in the second paragraph of the section 3.2 in the 
manuscript. 

In this study, by increasing quantitative measurements of BC-alkenes, it was found 
that evaporative emissions exhibit distinct characteristics of BC-alkenes emissions, and 
their contribution levels were also close to those of L-alkenes. 

------------------------------------------------------------------------------------------ 
L440-441: the explanation and description here are not sufficient, and the author 
can emphasize the differences in component composition between DBL process 
emissions and gasoline headspace. 
Response: We appreciate your comment and have made revisions to this description. 
The following revised content is in the third paragraph of the section 3.2 in the 
manuscript. 

Although LC-alkanes was very important in gasoline headspace and evaporative 
emissions, there are still differences in the main species. At the same time, there was 



still significant differences compared to the HSL process, such as aromatics. Gasoline 
headspace is an important source of evaporative emissions, due to different emission 
processes, there are also significant differences in its compositions, which reflects the 
importance of conducting tests on different evaporative emission process. 

------------------------------------------------------------------------------------------ 
Line 562: in the title, the beginning letter of "Calculation" needs to be lowercase. It 
is suggested that the author also check other similar problems in the manuscript. 
Response: We appreciate your comment and the description of the manuscript has been 
revised. The following revised content is in the title of Figure 6 in the manuscript. 

Contribution characteristics of the OH reactivity calculation results of the 
evaporation emission components. 

------------------------------------------------------------------------------------------ 
L598 and L635: writing error, the first letter needs to be lowercase. 
Response: We appreciate your comment and the description of the manuscript has been 
revised. The following revised content is in the fourth and sixth paragraph of the section 
3.3 in the manuscript. 

Compare with DBL process, higher temperature of HSL is beneficial for the volatile 
emissions of large molecular species (such as aromatics) and can also increase the 
complexity of components. 

When the high emissions of vehicle (the kOH test for the DBL48 process of China V 
vehicle I failed, so the reactivity source profiles composition was not shown here) was 
caused by abnormal evaporative emission control system (carbon canister), the changes 
in reactive species will be different from the high emissions of vehicle D, and the impact 
of low-carbon species will be more significant. 

------------------------------------------------------------------------------------------ 
L607-609: additional references are needed. 
Response: We appreciate your comment and the description of the manuscript has been 
revised. The following revised content is in the fifth paragraph of the section 3.3 in the 
manuscript. 

As shown in Figure 5e, f and g, using the source profiles provided in the related 
research, focusing on 35 species, it was found that the missed reactivity would further 
expand (Liu et al., 2022). 

Reference: 
Liu, Y.;Zhong, C.;Peng, J.;Wang, T.;Wu, L.;Chen, Q.;Sun, L.;Sun, S.;Zou, C.;Zhao, 

J.;Song, P.;Tong, H.;Zhang, L.;Wang, W.;Mao, H. Evaporative emission from China 5 
and China 6 gasoline vehicles: Emission factors, profiles and future perspective, J. 
Cleaner Prod., 331, 129861, https://doi.org/10.1016/j.jclepro.2021.129861, 2022.  

------------------------------------------------------------------------------------------ 
The writing of figure titles in the manuscript is not standardized. In Figures S3 and 
S5, the initial letters of words are capitalized, which is inconsistent with the titles of 
other figures. 
Response: We appreciate your comment and the description of the manuscript has been 
revised. 

------------------------------------------------------------------------------------------ 



In Section 3.3, the author calculated the emission source profiles based on OH 
reactivity, and suggested supplementary the species classification and number of 
reactivity source profiles. 
Response: We appreciate your comment and the description of the manuscript has been 
revised. The following revised content is in the sixth paragraph of the section 3.3 in the 
manuscript. 

Forty-seven VOC species were selected, including 2 HC-alkanes, 8 LC-alkanes, 1 
cycloalkane, 9 L-alkenes, 7 BC-alkenes, 11 aromatics and 9 OVOCs, accounting for 
more than 95% of the kOHcal . 

------------------------------------------------------------------------------------------ 
In the conclusion of the Section 4, the first paragraph can supplement the relevant 
conclusions of high emission vehicles. 
Response: We appreciate your comment and the description of the manuscript has been 
revised. The following revised content is in the first paragraph of the section 4 in the 
manuscript. 

The comparative experiment of carbon canister working conditions shows that in the 
DBL24 and 48 emission process, the emissions of THC from abnormal conditions 
(1.987 g/d and 11.209 g/d) were significantly higher than those from normal working 
conditions (0.345 g/d and 0.326 g/d). The emissions of THC from high mileage vehicles 
can reach about 4 times the normal emissions. Under high emission conditions, the 
contribution of LC-alkanes will significantly increase. This conclusion also indicates 
that in the control of vehicle evaporative emissions, the regulation of high emission 
vehicles should be a key target for evaporative emission sources. 

 


