C6721:
General Comments:

This manuscript reports the continuous measurements of particle number size distribution and chemical composition at an urban site and a downwind receptor site in the Pearl River Delta (PRD). The discussion focuses on two kinds of pollution episodes including the accumulation pollution episode and the regional transport pollution episode.

This study provided valuable dataset for the PRD region. The authors need to point out the importance of studying particulate episode (as defined as PM2.5 exceeding 100g/m3 for more than 2 hours) in PRD since summer is the season when PM level is the lowest or state the original objectives of this study more clearly. 
Reply:

Thank you very much for your comments.
Because of typhoons and frequent precipitation, the overall PM level is low in the PRD region during summertime. However, under the conditions with stagnant air mass or with south/southeast wind prevailing in the PRD region, the particle mass concentrations can increase quickly from very low level to very high level such as with PM2.5 exceeding 100 g m-3 resulted from accumulation, secondary transformation, and/or regional transport. During such days, the daily average PM10 does not violate the national standard of the second grade, although heavy particulate pollution occurs with high hourly average particle mass concentrations and low visibility. Resulted from the intense photochemical activity in summer, particulate pollution in the PRD region will be characterized with regional and secondary properties, which should be different from that in the winter or other cities with less intense solar radiation. Therefore, it is of scientific significance to investigate the properties of particle pollution in the PRD region during summertime.
Corresponding contents are revised or added as follows:

(1) In the introduction part, add the sentence in blue.

The Pearl River Delta (PRD) is one of the most economically invigorating and densely populated regions and one of the biggest city clusters in the world. Rapid urbanization and economic development have deteriorated the air quality and changed the properties of the air pollution: The primary pollutants, such as SO2 and inhalable particulate matter (PM10) have been reduced by abatement measures. However, the secondary products such as ozone and fine particles of high concentrations become two of the most formidable air quality and public health issues facing the PRD region. Moreover, the scale of the pollution problems in the PRD region has also expanded (Zhang et al., 2008). The occurrence of haze remains very high on about 150 days per year on average in Guangzhou from 1980 to 2006 (Deng et al., 2008). Haze characterized of very low visibility and high mass concentrations of fine particles has been reported in summer as well as in winter (Tan et al., 2009). The particle pollution in the PRD region have been reported regarding to the chemical compositions in size resolved particles or in PMB2.5B and PMB10B concentration at one or more sites and particle number size distributions at a coastal rural site Xinken (Cao et al., 2004; Hagler et al., 2006; Liu et al., 2008a, b; Zhang et al., 2008). However, simultaneous measurements of particle number size distributions and chemical compositions at over one site in the PRD region have not been reported. Resulted from the intense photochemical activity in summer, particulate pollution in the PRD region will be characterized with regional and secondary properties, which should be different from that in the winter or in other cities with less intense solar radiation. The average ratios of PM2.5 to PM10 in Guangzhou were larger than three other big cities in China, i.e. Wuhan, Chongqing, and Lanzhou (Wei et al., 1999). High concentrations of secondary products in fine particles, mainly oxidized organics and sulfates were observed during PRIDE-PRD2004 and 2006 (Andreae et al., 2008; Jung et al., 2009). The worse correlation between organic carbon (OC) to elemental carbon (EC) in the summer (R=0.6) than in the winter (R=0.8) and the higher OC but lower EC concentrations in Guangzhou than in Beijing during summertime (Cao et al., 2004) indicated the significance of the secondary transformation in the PRD region in summer. Therefore, it is of scientific significance to investigate the properties of particles especially of fine particles in the PRD region during summertime.
 (2) In Section 3.2, corresponding part is changed to be: 

In the summer of PRD region, the mass concentrations of particles can increase quickly from very low level to very high level such as with PM2.5 exceeding 100 g m-3 resulted from accumulation, secondary transformation, and/or regional transport. During such days, the daily average PM10 does not violate the national standard of the second grade, although heavy particulate pollution occurs with high hourly average particle mass concentrations and low visibility. The daily average particle mass concentrations conceal the pollution conditions and do not reflect them in detail. Therefore, an hourly criterion will capture the properties of the particulate pollution better. According to the frequency distribution of hourly average PM2.5, conditions with PM2.5 exceeding 100 g m-3 for more than two hours (excluding those caused by short time local emissions) were classified as pollution episodes in this paper. 100 g m-3 is set with the 90% percentile of the hourly average PM2.5 concentrations during this measurement and it is almost the same as the PM2.5 value of 103 g m-3 calculated from the ambient air quality standard of PM10 of 150 g m-3 with the average ratio of PM2.5 to PM10 over the PRD region in summer of 68.7% (Cao et al., 2004). Totally, pollution episodes were observed on five days (12, 14, 19, 21, and 23 July) simultaneously at both sites from 6 to 23 July. 
It is also important to explain the difference between the accumulation pollution episode and the regional transport pollution episode. It would be helpful if the authors can add a short paragraph summarizing the difference between these two types of episodes.
Reply:

Thank you for your advice!

A paragraph summarizing the difference between the accumulation pollution episode and the regional transport pollution episode is added in the end of 3.2.2 Regional transport pollution episode in the revised version:

Secondary transformation plays an important role in the pollution episodes in the PRD region during summertime, causing the main contributor of total particle number concentration as well as volume concentration to be fine particles over 100nm with major composition of SO42-, NO3-, and NH4+. During accumulation pollution episodes taking place under stagnant meteorological conditions with wind speed below 1ms-1, SO42- , NO3-, and NH4+ account for similar proportion in 100-660nm particle mass and PM2.5 increase, for example about 60% in the case from about 18:00 LT on 11 July to about 06:00 LT on 12 July. Such pollution cases occur in similar periods at both sites. In contrast, during regional transport pollution episodes with south or southeast wind prevailing in the PRD region, SO42- , NO3-, and NH4+ accounted for significant more in PM1.0 than in PM2.5; the fine particle mass and their chemical composition mass concentrations increase quickly at the downwind site when corresponding values tend to decrease at the GZ site, resulting in a lag of several hours between corresponding peaks at the downwind site after the GZ site.
Specific Comments:

1) P14615, Line 1-3: In fact, fine particle issue is more serious during other seasons than summer. 
Reply:

Thank you! We agree and corresponding sentences are revised as: 
However, the secondary products such as ozone and fine particles of high concentrations become two of the most formidable air quality and public health issues facing the PRD region.
2) P14616, Line 8: In Table 1, the size range of APS in Guangzhou is 660nm-10 m while it is between 15nm to 10 m here. 
Reply:

Yes, the size range of APS used at the GZ site is 660nm-10 m. And at the GZ site dry particle number size distributions between 15nm and 10 μm were measured with a system consisting of a Scanning Mobility Particle Sizer (SMPS) and an Aerodynamic Particle Sizer (APS). Here the size range between 15nm to 10 m is measured by the SMPS-APS system.
3) P14616, Line 15: At the BG site, particle size ranges from 3nm-10 m. Why does the particle size measurement at the Guangzhou site begin with 15nm instead of 3nm? The data have clearly shown that the Guangzhou site is apparently influenced by traffic emissions. 
Reply:

We agree with you that it will be better to measure particle number size distributions from 3 nm at both sites. But it is a pity that we only have one system (TDMPS-APS) measuring 3 nm-10 m particle number size distributions (It was at BG). The other system measuring particle number size distributions is a TSI SMPS-APS system with the size range of 15 nm-10 m. And the SMPS-APS system was installed at the GZ site. We did so because:

(1) When we concentrate more on the regional properties of the particles, it is fine to install the SMPS-APS at the GZ site. And it is also enough to discuss the traffic emissions at the GZ site, because particles emitted from the vehicles usually concentrated in the Aitken mode from about 20 to 100 nm. 
(2) The TDMPS-APS is better to investigate the properties of New Particle Formation (NPF) events, which usually occur more frequently at the regional site than the urban site. During the measuring period, three NPF events happened at the BG site, while only one NPF event (or an event similar to NPF) occurred at the GZ site. 
On the whole, it is better to install the TDMPS-APS system at the BG site and SMPS-APS system at the GZ site.
4) P14618, Line 15-17: Based on the difference of peak size (2  m at BG vs. 3 m at GZ), the authors suggest their major sources of coarse particles are different. State reasons and specify sources of coarse particles at GZ and BG so that their difference can be more apparent. 
Reply:

Thank you for your suggestion. We revised corresponding part as:

In coarse mode, the peak of particle volume size distribution at the BG site shows at about 2 μm, smaller than that at the GZ site at about 3 μm. This indicates that the major sources for the coarse particles are different at the BG and GZ sites. Construction and road dust are probably major sources for coarse particles in the Guangzhou city, while coarse particles at the BG site are more affected by the biological sources and biomass burning.
5) P14618, Line 20: The mean PM2.5 mass concentration is comparable at both sites. However, it varies widely as can be seen from its standard deviation (69±43 at GZ and 69±58 at BG). Based on the similar mean values, the authors suggest that PM pollution in PRD is a regional problem. Do PM concentrations at these two sites are positively correlated or is it just their mean values are comparable? 
Reply:

Although the hourly average PM2.5 at these two sites do not show good correlation, partly caused by the lags during regional transport pollution episodes, the daily average PM2.5 mass concentrations are positively correlated with R2 of 0.71. 
In order to make it more clear and sound, we revise corresponding sentence as:

In addition, the measured mean particle PM2.5 mass concentrations are also similar at both sites (69±43 μgm-3 at GZ and 69±58 μgm-3 at BG) with R2 of 0.71 for the daily average PM2.5 at these two sites.
6)P14620, Line 1: CO and EC kept increasing gradually. As can be seen from Figure 3, EC is enriched in PM of this episode (about 20-30% around 6:00 on July 12). Is it possible that increased emissions from some specific sources (e.g., traffic emissions) contribute to this episode? If only accumulation took place under stagnant meteorological conditions, the relative mass percentage of each major constituent should be similar between episodic and non-episodic samples at this site. However, it seems that the relative proportion of PM composition changes over time (see Figure 3). 
Reply:
Thank you for the comments.

For the absolute values, except EC, the other species, OM, SO42-, and NO3- included, increased slowly in the early morning of 12 July at the BG site. So we agree that there were some specific sources with significant emission of EC also contribute to this episode. During the same time period, as seen from Fig. 3, it seems that OM, SO42-, and NO3- were not obviously affected by such sources.
The relative proportion of PM composition changes over time partly because of the addition contribution of the unknown sources with significant emission of EC and partly because of secondary transformation. 

It is not essential to prove the objective fact that the dispersion of primary emissions was weak under stable weather conditions. So the sentence that it was confirmed by the fact that CO and EC kept increasing gradually during this episode is deleted in the revised version as it is not necessary and not precise.
Besides, the contribution of the unkown emission sources is added in the revised verstion:

In addition, contribution of unknown sources with significant emission of EC to this pollution episode might be important.
7) P14621, Line 7: Wind switches between southerly and easterly. What about the influence from easterly? It seems that BG site is not solely impacted by the GZ site. 
Reply:

We agree that the BG site is not solely impacted by the GZ site. Although the wind switches between southerly and south-easterly, the BG site is impacted by the Guangzhou city, of which the GZ site is a typical representation. 

If the wind comes easterly, the conditions will be different, i.e. it can bring clean air to the BG site, because the area to the east of Back-garden is also suburban area with less emission sources.
8) P14621, Line12: “The average size distributions of SO42- and NH4+ on 21 July: : :.(Fig. 7b)”. Figure 7a does not show data of 19 July and Figure 7b does not present NH4+ data.
Reply:

Thank you for your reminding. 
We are sorry that these two sentences are not very precise. And we are sorry that the size distributions of particle chemical compositions measured by MOUDI are not available on 19 July at both sites. So we used such data only on 21 July and illustrated the particle number size distributions on this day (Fig. 7a) in consistent. 

The shapes of mass size distributions of NH4+ are nearly the same as those of SO42- although with smaller values at both sites. So the mass size distributions of NH4+ are not presented in Fig.7b to avoid repetition.
In order to make it clear, in the revised version corresponding sentences are revised as:
In the afternoon of 19 and 21 July, particles around 100nm at GZ decreased gradually, but particles around 100 nm at BG increased quickly at the same time, shifting the geometric mean diameter of these particles at BG to larger sizes (conditions on 21 July in Fig. 7a). The average mass size distribution of SO42- and NH4+ on 21 July also peaked at larger sizes at BG (mass size distributions of SO42- in Fig. 7b).
