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The authors would like to thank the positive feedbacks to our work and appreciate
the reviewers’ valuable comments for helping to significantly improve the manuscript.
We agreed with most of the comments and have revised the manuscript accordingly.
Following are our point-by-point response to each of the comments made by the re-
viewers.

Reviewer 1 Comments The authors reported evaluations of temperature, pressure, and
carrier gas on the performance of a commercially available aerosol particle mass anal-
yser (APM). The effects of the first two parameters (temperature and pressure) were
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mainly evaluated through theoretical calculation of the transfer function of APM, while
effects of carrier gases (air, O2 and CO2) were experimentally evaluated with DMA pre-
selected 50-nm and 100-nm PSL spheres. Results suggested that the mass detection
limit of particles can be as low as 10ËĘ-2 fg, and can be further extended to low values
with other carrier gases such as hydrogen or with a lower operation pressure down to
80 kPa. The treatment of the theoretical calculation of the transfer function is rigorous,
and experiments were well designed and performed. The writing of the manuscript is
clear, and the study is within the scope of AMT. However, I have concerns, some of
which appeared in the initial review, that the authors are over-interpreting their results
and ignoring a few other studies of the same sort. These concerns are detailed below
in Major Comments, while a few editorial suggestions are listed as Minor Comments.
I suggest publication of this manuscript in AMT after the authors address them in the
revised manuscript.

We appreciate the positive feedbacks to our work and would revise the manuscript ac-
cording to reviewer’s suggestions. The abstract was rewrote to explicitly express that
the effects of pressure and temperature were theoretically analysed, while the effect of
carrier gas was evaluated experimentally. Using gases other than air, such as CO2 and
O2, as carrier gas for APM are just trying to test whether or not the APM performance
would change significantly under various conditions, which may be the case for ambi-
ent monitoring or characterizing atmospheric aerosols. For example, argon would be
required as the carrier gas if the APM was used as an aerosol particle classifier cou-
pled with inductively coupled plasma mass spectrometry (ICP-MS; in a similar manner
to the DMA–ICP-MS system). Tandem APM-ICP-MS could be employed for realtime
characterization of trace elements in atmospheric aerosols. In addition, the theoreti-
cal calculation and numerical simulation were conduct for explaining the experimental
results.

Major Comments: 1. While first stating the importance of the DMA-APM system in
measuring atmospheric particle mass and effective density, the authors might be a bit
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over-emphasizing the "low" mass detection limits using hydrogen as the carrier gas
and operating under 80-kPa condition. We do not have either of these often in the
atmosphere (at least in the lower portion). It is good to characterize the DMA-APM
system under those conditions, but it is a bit misleading (giving an impression that
10ËĘ-4 fg is easily achieved in ambient measurements) to state those numbers in
the abstract. And some of them were from theoretical calculation instead of direct
measurement (see below in Major Comment #2).

Thanks for your comments. We rewrote the abstract and try to avoid over-emphasizing
the detection limits. P1.L15-23: “. . .In this study, the effects of temperature and pres-
sure were analysed through theoretical calculation, and the influence of varying carrier
gas was experimentally evaluated. The transfer function and APM operational region
were further calculated and discussed to examine their applicability. Based on the the-
oretical analysis of the APM’s operational region, the mass detection limits are changed
with the properties of carrier gases under a chosen λ value. Moreover, the detection
limit can be lowered when the pressure is reduced, which implies that performance
may be affected during field study. In experimental evaluation, air, oxygen, and carbon
dioxide were selected to atomize aerosols in the laboratory with the aim of evaluating
the effect of gas viscosity on the APM’s performance. Using monodisperse polystyrene
latex (PSL) spheres with nominal diameters of 50 and 100 nm, the classification per-
formance of the APM were slightly varied with carrier gases, while the classification
accuracy were consistently within 10%.”

2. While the authors stated throughout the manuscript (and the title) that temperature,
pressure, and carrier gases were evaluated for the APM performance, most of them
(at least for temperature and pressure) were from theoretical calculation. I suggest the
authors stating this caveat explicitly in their abstract/conclusion, in order not to mislead
readers that temperature and pressure were also evaluated experimentally.

Thanks for your comment. As you see in the revised manuscript, to avoid the potential
misleading, the theoretical calculation and experimental evaluation were clearly defined
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in abstract and main text. P1.L15-16: “. . .In this study, the effects of temperature and
pressure were analysed through theoretical calculation, and the influence of varying
carrier gas was experimentally evaluated. . .”

3. Kuwata et al. (ES&T, 2012; AS&T, 2015) used DMA-APM to study particle (specif-
ically SOA) density (ES&T, 2012) and developed equations to characterize the DMA
APM system (AS&T, 2015). It is highly suggested that this manuscript is put in the
context of those previous studies with comparison and discussion.

As suggested by reviewer, the related references were included in the context. P2.L22-
24: “. . .Throughout the past decades, this scheme has also been adopted extensively
to determine the Df of aerosol aggregates (Lall et al., 2008; McMurry et al., 2002;
Park et al., 2003; Park et al., 2004a; Park et al., 2004b; Scheckman et al., 2009) and
atmospheric aerosols (Kuwata and Kondo, 2009; Kuwata et al., 2011).”

P6.L5-9: “The operation of DMA-APM is identical to Kuwata and Kondo (2009) and
Kuwata et al. (2011), in which the DMA selects particles with +1 charge and prede-
termined mobility diameters and then subjects them to the APM. Following, the APM
was set to scan across a range of voltage (V) while the number concentration (CN) of
the passing particles was measured by a CPC. The peak of the CN-V distribution was
subsequently inspected to determine the particle mass (m).”

P7.L5-7: “. . .It should be noted that, according to the work done by Kuwata (2015),
even when the resolution of the DMA–APM system appears to be controlled by the
APM, the particle classification by the DMA–APM at a certain operating condition still
could be regulated by both DMA and APM.”

P7.L26-32: “According to Kuwata’s theoretical analysis of transfer function and reso-
lution of the DMA-APM system, the common operation of constant ïĄů and varying V
could not maintain the transfer function because of the range of dp,m passing the DMA
(Kuwata, 2015). In such case, the transfer function may not be symmetric, and the
transfer function is narrower for larger m because the dependence of ïĄňc on m. It was
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then concluded that the operation of constant V and varying ïĄů, on the other hand,
could better maintain the DMA-APM resolution because mïĄů2 can be constant under
constant V. However, this ideal operation protocol is less employed for the DMA-APM
system, mainly due to the practical impediment of quickly and accurately scanning ïĄů
over a range. Therefore, the common constant ïĄů operation is investigated here.”

4. The authors mentioned that viscosity and density of the carrier gases might affect
the classification capability of APM (page 7, line 6). While viscosity was included in
their theoretical treatment, is it possible to include different densities of those carrier
gases tested? These three gases (air, O2, and CO2) have quite different molecular
weights too. Is that going to affect the classification capability of APM as well?

The effect of densities of carrier gas may affect the classification performance of APM
through influencing the flow field. In this study, our analytical treatment does not explore
the velocity term. However, the effect of gas density was included in the numerical
simulation of flow field using air, O2, and CO2 as carrier gases. The setting values are
listed as below:

Density (kg/m3) Viscosity (Pa S) air 1.205 0.000018203 CO2 1.842 0.000014673 O2
1.331 0.000020229

Base on ideal gas law, the molecular weight is proportional to the density of gas under
constant pressure and temperature. Therefore, we can regard the molecular weights
effect as the density effect.

5. As the authors stated quite frequently the usefulness of using the DMA-APM sys-
tem to measure effective density, what is the measured density of PSL spheres when
compared to reported values?

The measured density for 50-nm and 100-nm PSL are 1142-1148 Kg/m3 and 1142-
1156 Kg/m3, respectively. The PSL density reported by manufacturer is 1050 Kg/m3.

Minor Comments:
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1. Page 2, line 15: “(Ehara et al., 1996)” to “Ehara et al. (1996)”.

Corrected accordingly.

2. Page 2, line 22: “the past decade” to “the past decades”. You cited papers in as
early as 2002.

Revised as suggested.

3. Page 4, line 6: "defined by(Ehara et al., 1996)" should be "defined by Ehara et al.
(1996).

Corrected accordingly.

4. Page 4, line 25: “low molecular weight” to “low-molecular-weight”.

Revised as suggested.

5. Page 6, line 2: “APM C_N-V spectra”. Is “C_N” defined?

The related description is added in P6.L7-8: “. . .the APM was set to scan across a
range of voltage (V) while the number concentration (CN) of the passing particles was
measured by a CPC. The peak of the CN-V distribution was subsequently inspected to
determine the particle mass (m).”

6. Page 6, line 27: “peak voltage is indicate” to “peak voltage is indicated”.

Revised as suggested.

7. Page 7, line 31: “by an approximate order of” to “to approximately”?

Revised as suggested.

8. Page 13, Figure 5: better to separate this figure into two panels (say for 50-nm and
100-nm PSL), and join the symbol with lines. It is very difficult to tell which one is which
in the current form. Also I am not sure if this Penetration-Voltage plot can be called
“experimental transfer function”.
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Figure revised as suggested. The Penetration-Voltage plot is revised as APM spec-
trum, which was used in Tajima et al. (2013).

9. Page 14, Figure 6: although symbols and lines were defined in the text, it would be
better to put the legends here in the figure for readers to follow easily.

Revised as suggested.

10. Page 15, Figure 7: this figure has different appearance in tick labels and legends
(too small to see) compared to other figures. Suggest to change those labels to a larger
font size.

Revised as suggested.

Please also note the supplement to this comment:
https://www.atmos-meas-tech-discuss.net/amt-2017-480/amt-2017-480-AC1-
supplement.pdf

Interactive comment on Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2017-480, 2018.
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