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We thank the reviewer for the comments and overall summary evaluation.
1) What is the significance of southern India in terms of radiative forcing of dust and
black carbon compared to heavily polluted Indo-Gangetic Plain?
The present study aims to identify the state of mixing of dust and BC in two relatively
low dust-laden environments of southern India; one a remote semi-arid location and
the other an urban location not very far from the former. Mixing state of dust and BC
in such contrasting environments have been less explored compared to the heavily
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dust-laden Indo-Gangetic Plain. Such a study between two distinctively differing, yet
nearby environments would be important in delineating the associated differences in
the aerosol-system (specifically dust-BC) over these stations, especially their state of
mixing. Furthermore no reliable data on the mixing state of aerosols are available from
these regions (unlike the Indo-Gangetic Plains, which are more explored (Jethva et
al.,2005; Ramanathan and Ramana 2005; Lau et al., 2006; Gautam et al., 2011)) and
often has to be assumed in various modelling studies. Another important aspect of the
study is exploring the effect of rainfall on the mixing morphology of dust-BC, as well as
the dependency of the mixing state on ambient BC mass concentration. Considering
the importance to the regional climate, the aerosol properties over the Indo-Gangetic
Plain has been widely explored.
2) What is the rationale of choosing these two sampling sites and how is relevant to
extrapolate to other geographical locations in southern India?
We chose two sampling sites namely Bengaluru and Challakere, which to an extent
would represent ambient conditions over a polluted urban centre and a region almost
completely free from any anthropogenic activity (Satheesh et al., 2013) respectively.
We wanted to study the state of mixing of dust and BC over such contrasting environments in terms of local BC and dust burden. The urban station Bengaluru, on account
of its high emissions (from industries and the huge population of automobiles) would
have more anthropogenic aerosol loading (including BC), while Challakere would naturally have more dust burden due to surrounding barren land unlike the densely populated landscape of Bengaluru. Thus, this comparison offers us an excellent opportunity to examine the state of mixing of dust-BC system in two contrasting environments.
Thus, we chose two such sampling sites. Though the sites represent ambient conditions over an urban and a rural station. We do acknowledge that the local conditions
over any other site in southern part of India would vary depending upon local meteorology, land-scape, geographical location and topography and hence do not attempt to
extrapolate the observed state of mixing of dust-BC to any other region.
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3) I encourage authors to clearly state their objectives and overall implications in the
manuscript.
The main objectives of the present study are as follows: Examine the state of mixing
of dust and BC aerosol species in two contrasting environments – one with low local
anthropogenic emissions and one with very high anthropogenic emissions and see how
the interplay between dust and BC can modulate the coating percentage. Additionally,
we report how precipitation impacts the mixing state of dust-BC aerosol system. The
above aspects are now clearly stated in the revised ms.
4) Why high volume air sampling is used for this study particularly when focussing on
mixing state?
In this study our main objective was to understand the mixing of dust and BC and we
have not focussed on all the aerosol species. Hence, we decided to leave out volatile
species and smaller particles and concentrate on dust and BC. We felt that a high
volume sampler would be adequate for our purpose (Beatriz et al. 2016) as we wanted
more samples that could be used for different analysis. More details on the facts that
led us to use a high volume with quartz filter are given in the reply to next question
(question no. 6). After analysing the pros and cons we have combined a low volume
sampler (using PTFE filters) along with the high volume sampler in our subsequent
studies; but the results are not included in this study.
5) How about the sampling artefacts when discussing about the mixing state of aerosol
particles as authors collected ambient aerosols from two contrasting urban and rural
sampling sites in southern India on quartz fiber filters using high volume air sampler?
When the ambient air is sucked, it can also be possible that on filter substrates the
organic compounds and black carbon are externally/internally mixed and/or coated
with other constituents of aerosols. Besides, the less number of samples collected (6
from each site) and unclear method description of within lab processing/handling of
the filters as well as no section of quality control of methods presented here, I am not
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fully convinced that whether these results can be useful for further interpreting on the
mixing state of ambient aerosols (dust/BC).
The most important comment raised by the reviewers in common is regarding the
aerosol sampling using the quartz fiber filter for scanning electron microscopic study.
Reviewer #1 mentioned that the probability of fine particles to hide within the porous
filter cannot be neglected. In such a case, those fine particles may not be captured
by the microscope, for which Reviewer #1 suggests for the usage of a filter substrate
with smooth surface for optimal analysis of individual particles. The Reviewer #2 also
raised the similar concern pointing out the reference from Sielicki et al. 2011, that the
quartz filters are not the perfect choice for scanning electron microscopic studies as
many particles will be settled in the depths of the filter. These arguments are correct
to a large extent in case of a general study spanning aerosol sizes over several orders
of magnitude, including the ultra-fine and coarse mode particles. However, Beatriz et
al. 2016 has reported that quartz fiber filters efficiently collect particles of different size
ranges in the top layer ranging from diameter of 0.199 µm to 10.272 µm. The study
also tells that the largest volume fraction (34.216 %) of particles captured is in the outer
layer. Moreover, the study has estimated that about 65 % of the volume fraction of particles was found in the top two layers of the filter. As mentioned by the reviewers, the
inner layers were found to trap only the fine particles of mean particle diameter 0.533
µm. But our interest of study is mainly dust particles and its state of mixing which falls
in the coarse mode size range. So, it was easy to pick them from the top layers of the
quartz filter. Also, it is reported by Willis et al. 2003 that quartz filters with aerosol samples can be considered for certain types of SEM/EDX studies which are supported with
automation. Our study was completed with a semi-automated SEM/EDX system and a
careful post processing with the help of an image processing software which solved the
tribulations of the noisy fibrous background. The software helped in enhancing the image and cropping the independent particles easily from background. This is illustrated
in Fig-2. The method of sample preparation is given with the response of Comment-13.
These aspects are incorporated in the revised ms.
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6) About sampling. Reviewer comments that use of Quartz filter paper is not suitable
for microscopic study and the resultant chemistry has contributions from filter paper
also.
All the chemistry data reported in the paper is qualitative. With the present-day available techniques, it is impossible to probe into the individual particle level chemistry
on a quantitative basis. So, we have used the energy dispersive spectroscopy (EDX),
which is a widely used qualitative approach to examine the elemental composition of
atmospheric aerosols. In this study, we have performed multiple EDX analysis on different portions of the same particle to arrive at the average elemental composition to
minimise the error. Also, the concern of background artefact was studied by performing an experiment comparing with the aerosol samples collected on a carbon tape.
We computed the background error of 2.05±0.8 % together contributed by Si and O2.
About 50 independent coarse mode particles were used for this study. Although more
particles should have been examined to get a statistically sound estimate, the practical
constraints forced us to limit to 50 particles. Also, EDX was performed carefully on
clearly exposed surface of the particles with minimum possibility of background interference. While doing this we have taken utmost care to choose bigger particles which
are clearly exposed which leaves out the possibility of mixing up the Si background and
the Si in the particles. This ensures minimum errors introduced by background artefact
and strengthens the confidence in the observed values. These are clearly stated in the
revised ms
7) Isn’t this obvious that rural samples have relatively more enriched in dust and contain
less carbonaceous components than urban samples?
We agree with the reviewer’s comments that rural site will contain less carbonaceous
matter; however, with regard to dust, it need not be necessarily so. So, our study
brings out the different aspects of the state of mixing depending on the ambient BC
concentration as well as local meteorology. As mentioned earlier this study has been
carried out as part of a bigger effort to understand the dust-BC mixing over the Indian
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region. Nevertheless, an appropriate correction has been made in the manuscript.
8) My another major concern is why the sampler was operated about 1.5 m above the
ground level (see page 2, line 33)? This means that the samples are not representative
of even the receptor sites they have studied? How can authors attribute such ground
level collection of aerosols to the entire respective rural and urban atmosphere? Why
only monsoon season is targeted here in this study?
The main constraint in the sample collection in our urban location was the availability
of open space. Thus, in order to avoid the influence of the orography we had to carry
out the sampling from the rooftop of a building at a height ∼15 m above the surface.
The height was mentioned as 1.5 m in the ms and has been corrected in the modified
version. The sampling site has proper rain protection (in addition to the sampler rain
shield) and the obstruction due to the orography was negligible.
9) Why the choice of only these two sites for examining the mixing state of aerosols
other than the hotspot of air pollution from India?
As mentioned in the authors’ reply to the 1st comment, we would like to examine the
state of dust-BC mixing in different environments the in the future.
10) Why only monsoon season is so important other than winter? Line 34: Why samples were collected only during the summer monsoon season?
The samples were collected as part of an effort to collect data on the mixing state. We
are in the process of collecting continuous and extensive data from various sites. This
is just the initial effort in this direction. The data availability during the monsoon season is scarce compared to the other seasons (especially the AOD, extinction profiles
and the type of aerosol) and hence we examined the dust-BC mixing state during this
period. We agree with the reviewer that, sampling in the winter season would give a
chance to sample more number of particles. However, the summer monsoon season
provides an excellent environment to examine the state of mixing of dust-BC system
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when the prevalent large-scale meteorological conditions bring in a possibility of long
range transport of dust (Lau et al., 2006, Begum et al., 2011; Govardhan et al., 2015)
and influence of rain on the aerosol mixing state. This would also allow us to examine
the background aerosol mixing state during periods following extended rainfall events.
11) P 2, L 35: I could not follow what authors trying to tell about? sampling duration is
6-8 hrs but the entire sampling activity is 2-3 days? Please rewrite.
The sentence has been modified in the revised version of the manuscript.
12) P3 L 1: Separate samples collected for polluted hours of morning and evening also
collected clean samples in the afternoon. This distinction seems rather vague. Out
of six from Bengaluru, how many of them collected like this? pl. specify here within
parenthesis.
The aforementioned details about sampling are added in the modified version of the
manuscript.
13) P3 L4: Is this authors first time used this kind of equipment and method of study
as stated in the abstract? If so, it is appropriate to give the actual details of how each
sample has been prepared for the microscopic analysis on SEMEDX rather than just
pointing to somebody’s reference. I encourage authors to provide the necessary details
that underwent in the sample preparation for SEM-EDX analysis. Also, state what
kind of quality assurance is maintained to have confidence in the results presented
here? Do authors run or check some intl standards here. Mention here all how the
blanks were taken during the collection? How different they are from the real ambient
samples? Without all these details, the citations to other people work are not enough.
We comply with this suggestion and the details are now provided in the revised ms
The filter loading and the process of sampling were done following the usual protocols.
All operations were done with gloves and forceps to ensure that no external contamination has happened. The collected samples were stored in an airtight desiccator with
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silica gel. The sample loaded filter papers were then prepared for SEM analysis by
shredding into squares of area ∼1 cm2. These samples were then carefully adhered
to aluminium stubs using conductive carbon tape and were lined with conductive silver paste. In order to avoid charging tribulations and to make the sample conductive,
a very thin film (∼15 nm) of Gold (Au) was overlaid on the surface of the samples
using a sputter coater under Argon gas atmosphere. Similar samples were prepared
for SEM/EDX analysis from different portions of each sampled filter paper. All operations were done in the clean room facility of Micro and Nano Characterization Facility
(MNCF) located at CeNSE, IISc, Bengaluru, funded by NPMAS-DRDO and MCIT, MeitY, Government of India following proper standards and regulations. We have not done
any quality assurance tests and no quantitative study regarding the chemical composition. Quality assurance was done in the operations, sample collection and preparation
ensuring the possibility of minimum errors and contamination. We have performed one
experimental study to analyse the background influence of Quartz filter paper in the
reported EDX chemistry and is mentioned in response-6. As discussed in the above
comment regarding chemistry (response-6), all chemistry details reported in this paper
are qualitative.
14) While going through the refs cited in the MS, using the quartz fiber filters the main
disadvantage is Filters made of fibers have one main disadvantage: particulates can
settle in the depths of the filter and in the mesh of the fibers (Sielicki et al., 2007). In
this review article, also stated clearly that the best substrate for SEM analysis is the
polycarbonate filter. Therefore, I wonder whether this study made on quartz filters is
meaning to interpret further on what the results pointed to and what implications they
have for the accurate assessment of mixing state? One image from Sielicki et al., 2007,
showing the disadvantage of the quartz microfiber filters for the SEM analysis.
The same issue was raised by Reviewer #1 and we have already answered this in our
response to question no 5.
15) Carbon coating percentage is estimated by excluding the carbonates? How this is
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done?
We examined the total elemental percentage of independent EDX results. This gives
us a general idea of the elements present in the particles. The possibility of Silicon
carbide and Aluminium carbonate are most unlikely. About 10% of the observed particles had relatively higher percentage of elements that can form carbonates (Calcium,
Magnesium, Sodium and Potassium). Our interest was to see the percentage of black
carbon which is independent of the carbon percentage from carbonates and so we
excluded them from the calculation. Similarly, the presence of BC was often verified
manually with its distinct chain type morphology as shown in figure-7. So the carbon
reported in this study is the percentage of black carbon alone.
16) BLR1 was collected during rainfall? Is the BLR1 collected during a rain event? In
which case, how this sample is dried and analyzed on SEM-EDX.
The samples were not dried separately and we were operating with proper rain shields.
The samples were not wet or damaged. The filter loading and the process of sampling
were done following the usual protocols. All operations were done with gloves and
forceps to ensure that no external contamination has happened. The collected samples were stored in an airtight desiccator with silica gel. More details are given in our
response to question 13. Post processing operations were done in the clean room
facility of Micro and Nano Characterization Facility (MNCF) located at CeNSE, IISc,
Bengaluru, funded by NPMAS-DRDO and MCIT, MeitY, Government of India following
proper standards and regulations.
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