
Response to Referee #2 

RC- Reviewer’s Comments; AC – Authors’ Response Comments 

RC1: This paper estimated the relative contributions of main sources to ammonium and 

nitrate aerosols in a subtropical megacity of South China using stable N isotope analysis. 

They found that anthropogenic activities (e.g., coal combustion, biomass burning and 

vehicle exhaust) are important sources and should be considered seriously in future for 

the improvement of air quality. In my opinion, few studies simultaneously reported 15N 

signatures for both NH4
+ and NO3

- and I think this one-year dataset is valuable and 

probably will improve our knowledge on the sources of air pollution. I support its 

publication after some minor revisions. 

AC1: Thanks for your recognition of our work and for providing professional 

comments and valuable suggestions. These comments and suggestions are valuable and 

helpful for improving our manuscript. We have made revisions based on these 

comments (The detailed corrections are marked in the revised manuscript). If you have 

any further comments and suggestions, we will try our best to improve our manuscript. 

RC2: Line 66-68: The dominant source of atmospheric NH3 highly depends on the scale 

of study area. For example, the dominant emitter of NH3 in the whole China should be 

the agricultural source; while the dominant emitter may be the vehicular emission for a 

city site. Therefore, cautions need to be taken when you describe this sentence. 

AC2: Thanks for your professional comments. We agree with you that the dominant 

emitter of NH3 in the whole China should be the agricultural source; while the dominant 

emitter may be the vehicular emission for a city site. In addition, there is a potential 

impact of biomass burning in suburban areas on urban NH3. In general, biomass burning 

activity increases during autumn in Central China. Xiao et al. found that biomass 

burning contributed 34.5 ± 20.4%, 46.4 ± 21.4%, and 40.4 ± 17.4% to NH4
+ for three 

urban sites Nanchang, Wuhan, and Changsha, respectively, during autumn(Xiao et al., 

2020). The combustion sources in Lines 66-68 represent coal combustion, vehicle 

emission, and biomass burning. Now, we have rewritten this sentence, as shown in the 



marked revised manuscript lines 75-78: Biomass burning in the suburbs also has a 

potential impact on urban NH3(Xiao et al., 2020). As for urban NH3, combustion 

sources (including coal combustion, vehicles emission, and biomass burning) were 

gradually becoming dominant sources in recent years verified by δ15N-NHx 

(NH3+NH4
+)(Xiao et al., 2020; Pan et al., 2018). 

RC3: Line 122-126: Many δ15N-NH3 endmembers of sources were collected by passive 

samplers. Did you correct these values when you conducted the source apportionment? 

Also, the endmembers and source numbers are important parameters for δ15N-derived 

source apportionment model and I suggest you add these in the main manuscript. 

AC3: Thanks for your kind suggestion. We considered and corrected the difference of 

δ15N-NH3 values resulting by passive samplers. The δ15N-NH3 values collected by 

passive samplers were significantly lower than that of the active sampler, with a 

difference of 15.4 ± 3.5‰(Pan et al., 2020). The δ15N of NH3 from fertilizer, livestock, 

and urban waste collected by passive sampler(Chang et al., 2016; Felix et al., 2013; 

Bhattarai et al., 2020) were corrected using 15.4 ± 3.5‰ (Bhattarai et al., 2021; Pan et 

al., 2020). In addition, we have added the parameters of δ15N of NH3 from different 

sources, as shown in line 212 (Table 1 in marked manuscript). 

Referee#2_ Table 1 (Table 1 in manuscript). The estimation of δ15N-NH3 and δ15N-

NOx from various sources. 

Source δ15N-NH3(‰) References 

Biomass burning 17.5±7.8 (Kawashima and Kurahashi, 2011; Xiao et al., 2020) 

Coal combustion -2.5±6.4 (Felix et al., 2013; Pan et al., 2016) 

Urban traffic 6.6±2.1 (Walters et al., 2020) 

Fertilizer -28.3±5.8 
(Bhattarai et al., 2021; Chang et al., 2016; Felix et 

al., 2013; Bhattarai et al., 2020) 

Livestock -18.3±7.7 
(Bhattarai et al., 2021; Chang et al., 2016; Felix et 

al., 2013; Bhattarai et al., 2020) 

Urban waste -22.8±3.6 (Bhattarai et al., 2021; Chang et al., 2016) 

Source δ15N-NOx(‰) References 

Biomass burning 1.04±4.13 
(Zong et al., 2017; Fibiger and Hastings, 2016; Zong 

et al., 2022) 

Coal combustion 13.72±4.57 (Zong et al., 2017; Felix et al., 2015; Felix et al., 



2012) 

Mobile source -7.25±7.80 (Zong et al., 2017; Walters et al., 2015) 

Soil microbial process -33.77±12.16 (Zong et al., 2017; Felix and Elliott, 2013) 

 

RC4: Line 149: Fig 1. Can you please highlight/mark the seasonal periods in this figure? 

I think this will improve the readability because you mentioned the seasonal values. 

AC4: Thanks for your kind suggestion. We have marked the season in Figure 1, as 

shown in the marked manuscript line 236. 

 

Referee#2_Figure 1(Figure 1 in manuscript). The concentration and δ15N of NH4
+ 

(a) and concentration, δ15N, and δ18O of NO3
- (b). 

RC5: Line 157: “average+”? 

AC5: We apologize for the confusion caused by “average+”. The plus symbol (“+”) 

means positive number. Now we have deleted the + symbol, as shown in the marked 

manuscript lines 245-246. 
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RC6: Line 163: It would be better to provide the way you got the NH3 concentration in 

the main manuscript. 

AC6: We are sorry for that we don't measure the NH3 concentration. The proportion of 

the initial NH3 converted to NH4
+ (f, NH4

+/(NH3+NH4
+)) for different months 

referenced from a previous study in Guangzhou(Liao et al., 2014). 

RC7: Line 238/274 (Fig2, Fig3): again, please highlight/mark the seasonal periods 

(spring, summer, autumn, and winter). 

AC7: Thanks for your kind suggestion. We have marked the season in Figure 2 and 

Figure 3, as shown in the marked manuscript line 329 and line 368. 

 

Referee#2_Figure 2 (Figure 2 in manuscript). The sources apportionment results of 

atmospheric NH4
+ (a) and NO3

- (b) in Guangzhou, and the comparison of sources 

results between NH4
+ and NO3

- (c). 

 



 

Referee#2_Figure 3 (Figure 3 in manuscript). The contribution of the OH radical 

oxidation and N2O5 hydrolysis pathway to NO3
- (a). The vertical position of the dots 

corresponded to the contribution of N2O5 pathway and the size of the dots corresponded 

to the concentration of NO3
- (b). 

RC8: Line 291-292: Why you defined BeiChengHuang Island and Heshan as the sites 

receiving strong anthropogenic impact? These two sites are not located in cities and 

should be impacted less anthropogenic activities than megacities such as Beijing and 

Guangzhou. 

AC8: Firstly, we apologize for the wrong place name “BeiChengHuang Island”. It 

should be BeiHuangCheng Island. We have revised it in the marked manuscript. 

Secondly, we doubtless agree with you that these two sites are not located in cities. 

However, in winter, 74% of the air mass in Beihuangcheng Island come directly from 

the heavily polluted Beijing-Tianjin-Hebei region(Zong, 2017). And about 26% of the 

air mass reached Beihuangcheng Island from the Beijing-Tianjin-Hebei region through 

the Shandong Peninsula(Zong, 2017). Zong et al. reported that coal combustion, mobile 

source, and biomass burning contributed 86.3% to NO3
- in Beihuangcheng Island, as 



shown in the following figure (Zong et al., 2017). The Heshan Atmospheric 

Environment Monitoring Superstation is a rural station located 50 km southwest of 

Guangzhou (Xu et al., 2022). During the winter northeast-monsoon season, Heshan site 

well intercepts high anthropogenically dominated outflow airmass from Chinese 

continental(Xu et al., 2022). The anthropogenic sources (including fossil and biomass 

burning) accounted for 78% of total oxalic acid, tracers of aqueous secondary organic 

aerosol, in the continental outflow samples(Xu et al., 2022). Su et al. reported that coal 

combustion, mobile source, and biomass burning contributed 90.6% to NO3
- in Heshan 

(Su et al., 2020). Therefore, NO3
- was predominantly derived from anthropogenic 

sources in Beihuangcheng island and Heshan. 

 

Referee#2_Figure 4. Contributions of coal combustion, mobile source, biomass 

burning, and biogenic soil emissions for NOx in different seasons on Beihuangcheng 

Island. (Zong et al., 2017) 

RC9: Line 311-313. This explanation sounds reasonable. I suggest you add the 

references to support the facts you mentioned here (stricter vehicle emission standard, 

promotion of new electric vehicles etc.). 

AC9: We appreciate your explicit suggestion. In order to continuously improve the 

Guangdong province's ambient air quality, the Guangdong Provincial Government 

formulated the Guangdong Air Pollution Prevention and Control Action Plan (2014-

2017). The plan includes in-depth promotion of power plant pollution reduction, 

comprehensive promotion of boiler pollution remediation, raising the environmental 



standard of new vehicles, acceleration the improvement of gasoline and diesel quality, 

etc(Guangdongprovince, 2014). Especially in Guangzhou and Shenzhen, clean energy 

vehicles will account for more than 60% of annual new buses from 2014 

(Guangdongprovince, 2014). In addition, China introduced an ultra-low emissions 

(ULE) standards policy for renovating coal-fired power-generating units in 2014. Tang 

et al., found that between 2014 and 2017 China’s annual power emissions of NOx 

dropped by 60% since the implementation of ULE policy (Tang et al., 2019). Now, we 

have added the above references to the marked manuscript line 408. 

RC10: Line 324-325: “The contribution of biomass burning and vehicle was stable 

through a year.” The vehicular emission, in my opinion, is likely constant because 

people drive cars in all seasons. However, the biomass burning activity generally is 

highly related with seasons. Can you make some explanations on this? 

AC10: Thanks for your insightful comment and kind suggestion. We totally agree with 

you that biomass burning is highly related to the seasons. Generally, high intensity 

biomass burning occurred in winter in Guangdong province (dry season, i.e., from 

November to March)(Xu et al., 2019). K+ is a typical tracer of biomass burning. The 

concentration of K+ enhanced in winter (0.4μg/m3) was higher than that in 

summer(0.2μg/m3) and autumn(0.2μg/m3), respectively, indicating enhancement of 

biomass burning intensity. Also, NO3
- concentration of biomass burning remarkably 

enhanced in winter (1.2μg/m3) and was higher than that in summer (0.4μg/m3) and 

autumn (0.3μg/m3), respectively. However, coal combustion also enhanced in winter 

due to the demand for heating in North China. Our sampling site was influenced by the 

air mass with high coal combustion contribution from the North by long-range 

transportation, which may reduce the contribution of biomass burning relatively. Thus, 

the contribution of biomass burning showed stable compared with coal combustion. We 

have added the explanation in the marked manuscript, lines 421-431. 
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