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General comment
The manuscript aims to present a freshly developed generator of black carbon suitable for calibration of BC-measuring instruments especially at low concentrations. The
authors introduce the variety of nebulisation techniques, describes the design of the
generator and at the end its performances. The here presented technique is based on
the use of a commercially available ultrasonic nozzle and does not present any particular technical innovation in the field of aerosol nebulisation for instrument calibration
or BC quantification in rain-snow samples. Beside this, the structure of the paper is
confused and several parts of the text need rewriting. For these reasons I do not recC1
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ommend the publication of the present article. The specific criticisms are addressed
as following. Considering that the work presented here needs a general rethinking,
editing errors were ignored.
Main points
1. Motivations. The major criticism points to the motivations and goals at the base of
this work. However the authors give an overview of different nebulisation approaches,
is not clear what is the technology gap the authors want to fill and in which way this
gap affects the calibration of BC-measuring instruments. Thus, due to the fact that motivations were not explicitly stated, the final goals of the manuscript are not clear. For
example, the quantification of BC in snow samples is usually based on liquid nebulisation by concentric pneumatic nebulisers (Katich et al., 2017; Lim et al., 2014; Mori et al.,
2016; Wendl et al., 2014), the ultrasonic nebulisation might represent an alternative.
Naturally, this must be asserted showing current limitations of pneumatic nebulisation,
advantages of ultrasonic approach and supported by a systematic comparison. I encourage the authors to reconsider their motivations and goals, redesign their generator,
and run a complete series of new test.
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2. Technical description. This is a technical manuscript, as consequence the reader
expect a consistent amount of technical details. The present manuscript lacks in information, some descriptions are incomplete, and the technical drawing appears to be
wrong.
3. The generator and its performances. Without considering the main criticism described above, the manuscript does not present any results of scientific interest. First,
the aerosol generator, it operating principle, technical details are poorly described. The
key element of the generator, the ultrasonic nozzle, is poorly described and its advantages compared to other techniques remain unexplained. Second, the treatment of
the aerosol after nebulisation is not explained. The nozzle produces mist of fine water drops containing the BC particles. The authors should explain how the water is
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removed from the sample air (heating-cooling stages, diffusion dryer) and how many
particles might be lost. One of the main problems of the entire paper is that the nebulisation and transport of the aerosol is considered to be 100% efficient. Third, the gravimetric method used is not appropriate, out-dated and affected by large uncertainty.
See specific points. The main limitation is represented by its un-specificity to black
carbon: everything that is nebulised together with BC can contribute to the change in
weight of the membranes. As said before, the calculations done by the authors rely
on the fact that nebulisation efficiency is of 100% and that the milliQ water does not
contain particles.
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4. Data treatment. From the graphs and description it appears that the paper is based
on a limited number of observations. The authors should state how many experiments
and repetitions were performed for each configuration in order to asses repeatability
and uncertainty. The latter is never assessed and no error bar are shown in any graphs,
limiting the consistency of the results.
5. Conclusions. Is not clear what the authors want to demonstrate and which were
the achievements. A poor conclusive chapter reflects this. Generally, the conclusions
of a manuscript represent the climax of a work, where authors summarise the major
finding of the presented work, improvements compared to previous works, impacts of
their research, eventual limitations and, possibly, future applications or improvements.
Without considering the scientific relevance of the presented findings, the conclusions
of this manuscript are superficial and not developed in broader contest.
Specific points
P3/L18 The introduction gives a nice and complete overview of the existing techniques
for aerosol nebulisation, but the motivations and goals of the present study are not
explained. The author should provide them in the introduction. P3/L21 What type of
black carbon soot was used? P3/L22 I imagine that with “absolute alcohol” the authors
referrer to ethylic alcohol (ethanol). I suggest using the chemical nomenclature. The
C3
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full name of SDS is specified in page 5 line 3. Specify the full name here or remove
the acronym from this list. P3/L25-27 According to the title, the ultrasonic nozzle is the
key element of the present work. However a brief and general description of ultrasonic
generation of spray is given in the introduction, no technical description is provided
in the methodology section. Short but exhaustive description of the operating principle, technical limitations (flow rate) and performances (mean droplet size) must be
presented. Similar action is required for the MAAP. Basic information on the balance
precision and measuring limits should be given as well. The membranes are only described at page 6. The description should be moved in the technical section. P4/L5-14
Figure 1 is here described. First I would suggest changing the name of “zero air”, this
is a bit miss leading. In case of non-operating nozzle, this can act as zero air. During
liquid injection and nebulisation, the airflow acts as purge air (or sampling air in case
of membrane sampling). The description does not match the figure diagram: from the
picture it appears that channel 3 and 4 are linked to the ultrasonic nozzle and not the
mixing chamber. Please correct the diagram accordingly. Nebulization of liquids creates a mist: suspension of liquid droplets in the air. Most part of commercial nebulisers
(Marin-5, CETAC; APEX nebuliser) is equipped with warming and cooling stages in
order to dry the sample flow. At each cooling step, the condensing water is removed
by mean of peristaltic pumps. The authors should explain how the condensing water is
extracted from the chamber, what’s the RH at the output of the chamber and how and
if the outgoing air flow is dried. Quantification of absorption by filter based absorption
photometers is in fact sensitive to relative humidity levels. P4/L16 The authors explain
that high pH stabilises BC. They are asked to specify the meaning of “stabilize” and the
principle behind it. P5/L2-3 Reference needed. Again the use of “stability” is generic
and not clear. P5/L7-10 Here the effect of SDS on BC suspensions is described. The
effect is to decrease deposition effects, supportive data must be provided in the text or
in the supplementary material by mean of the MAAP or membranes. It looks like the
procedure adopted to prepare the suspension is wrong. The authors describes that
SDS is added to a suspension of 250 ml, which already contains the BC powder. If
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this is the case, this is wrong. Solution must be brought to the desired volume after
addition of SDS. P5/L11-16 This subchapter belongs to the method section. P5/L1725 Proportionality between the rpm of a peristaltic pump and the provided liquid flow
is always expected. Due to the fact that the peristaltic pump is a commercial version, I
do not see the need of this section. If the authors think that this information is needed,
I suggest presenting a figure, possibly in the supplementary material. The choice of a
low liquid flow was made in order to keep low the RH in the mixing chamber. However,
liquid flow also control the BC concentration. Moreover, the RH in the mixing chamber
is not only regulated by the liquid flow, but by the “zero air” flow, the volume of the
tank and the temperature. If the authors decide to maintain the present section, all the
argumentations must be supported by data and graphs: RH variability in the mixing
chamber, pump calibration curves, effect of temperature. The use of diffusion drier will
most probably help reducing the RH in channel 3. P6/L3-10 No data evidence. P7/L18
This is true if the nebulisation efficiency is 1 and there are zero losses in the mixing
chamber and in the tubing. Considering that each BC particle is imbedded in a liquid
droplet having a diameter of about 18 um (manual of the nozzle) and no heating is
applied to the mixing chamber I strongly doubt that no particles are lost from nebulisation to detection. The author should estimate the transmission efficiency of solid
and liquid particles troughs their system. P7-L7 This is true when the sampling flow
does not contain any water. Are the membrane dried before weighting? Nebulizing
liquid solutions of NaOH, ethanol and SDS can experimentally support the validity of
the equation and quantify the mass increase not due to BC presence on the filter. The
authors must consider that milliQ water contains large amount of small particles, which
can positively bias the here presented calculation. Previous works have shown that
the nebulisation efficiency of aerosol generators is never of 100%. Here the authors
assumes that every single particle of BC and SDS is nebulised and transported to the
filter without losses. P8/5-9 I do not understand what the authors try to show. Captions
of figures and tables are usually not part of the text. P8/L10-12 Balance performances
must be reported in the technical section and not here. The precision of the balance
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seems to be poor for performing any kind of mass quantification, but the relative uncertainty is not reported. An example from Table 2: for the first case the mass increment
of the filter is of 0.6 mg, the error introduced by balance precision is of 17%. No uncertainty or standard deviation is shown, what is the repeatability of the measurements?
How many times the weighting experiments have been repeated? P9/L2-5 However
the MAAP is a well-known instrument and fully described in other papers, some more
details might be given. The authors should specify what MAC was used to convert
absorption coefficient to BC mass concentration. Please state the wavelength according to (Müller et al., 2011). MAAP requires a complex data correction, but it is simply
implemented in the instrument software. P10/L1 From figure 4 the proportionality between MAAP eBC and theoretical BC mass is not linear. Additionally, the difference in
eBC mass between 2.6 and 5.2 RPM changes with BC liquid concentration. At low BC
concentrations, the observed eBC is smaller at 5.2 RPM than 2.6 RPM. Can the author
explain this?
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