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The authors present a dataset of aerosol evaporation in thermodenuders and ACSM
and black carbon measurements measured at several distances from a major highway.
The dataset and the associated analysis of the volatility and the mixing state of the
aerosol at different distances downwind of the road is very valuable to atmospheric
aerosol and traffic emission researchers. The measurements are to my knowledge the
first time the volatility and mixing state have been measured at several points along
the roadside, and as such the dataset is novel and interesting, and the subject area is

C1

clearly in line with ACP. The manuscript is well written and the data analysis is compre-
hensive; there are some issues that I suggest are addressed in a revision, after which
I recommend publication.

AR: We thank the reviewer for their encouraging comments.

1. As the traffic-originated aerosol is transported away from the source, it dilutes with
background aerosol with a rate that depends on the wind velocity and the atmospheric
stability. Therefore, the same measurement point (measured by distance) can see
aerosol with different age since emission, and different dilution factors. This can be
overcome by measurements of some relatively inert gas at the roadside and downwind,
or more crudely just estimating the aerosol ’age’ from the wind velocity, distance (and
direction). Neither of these have been performed in the manuscript, and therefore the
measurement at each distance may include differently aged particles, with a varying
fraction of background aerosol mixed in the traffic-originated aerosol. This impacts the
generalization of the results (which may easily happen, given the scarcity of this type of
data in the literature), and I think that this should be made clear to readers. This could
be done e.g. by providing estimates, and ranges of variation, of the age of particles as
an additional variable. Also, this would give more confidence in whether the observed
seasonal differences are due to actual differences in volatility or maybe just different
mixing situations.

AR: It is true that meteorological conditions (e.g., temperature, dilution) affect the trans-
port and transformation of traffic plume in a near-road environment, thus can affect the
volatility of transported particles. These effects were visible in our volatility measure-
ments and extracted volatility distributions from two seasons, as discussed in Sec. 3.1
(page 8, L 5-15) and Sec. 3.3 (Page 12, L17-25). In a companion paper (Saha et al.,
2017), we discussed the climatological aspects and transport of traffic plumes in detail.
We observed a substantial seasonal difference in downwind decay profile of NOx and
BC (traffic tracer), and so we are able to comment on the relative difference in dilution
and ‘age’ of sampled particles. In this paper we use BC as a ‘tracer’ in this way in
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several places (e.g. Fig. 2 and related discussion). A modified version of a figure from
Saha et al. (2017) with a number of ‘tracers’ measured near the road (NOx, and BC)
is shown below for reference. Within a given season, we did not observe a substantial
day-to-day variability in pollutant profile, possibly because we conducted our transect
measurements on a few days selected based on favorable weather conditions (with
the wind coming off of the roadway). Since we discussed the different climatological
aspects of our site and data in our companion paper (which will hopefully be published
soon), we did not include it here. However here, and in the manuscript, we provide a
basic description.

Winter measurements typically showed less rapid dilution (more stable conditions,
lower wind speeds) and lower temperatures than the summer. Therefore, decay and
mixing of the traffic plume was substantially slower in winter than in summer, as demon-
strated by less steep downwind decay profiles of NOx and BC (traffic tracer) in winter
than summer (see Fig. below). We observed the effects of these differences (tempera-
ture, dilution) in volatility distributions derived from the two seasons’ data, as discussed
in Sec. 3.3.

For example, we mention in Sec. 3.3 (page 12, L23-25). “Atmospheric dilution was
substantially lower in winter at our site (and generally) due to more stable atmospheric
conditions under the colder weather (Saha et al., 2017a). Therefore, when comparing
particle volatility at the same temperature, lower dilution during winter likely explains
the observed higher SVOCs fraction.”

In reality, the combined effects of temperature, dilution, and changes in tailpipe emis-
sion properties likely dictate the observed inter-seasonal differences in particle volatil-
ity. Although a complete decoupling each of these effects is challenging, our analysis
indicates that the temperature effect is more important than others on the volatility dis-
tribution (e.g. Figs. 7, S11). The impact of dilution is less dramatic than temperature
(Fig. 7 vs. Fig. S11) and a seasonal difference in tailpipe emission properties is likely
also less important than the influence of ambient temperature on emission partitioning.
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2. Comparing the distributions in Fig S3, it seems that an important factor in the change
of volatility is the disappearance of a large fraction of particles smaller than ca 40-50
nm between the measurement points at 10 m and 150 m, and this seems to contribute
to the large change in volatility of <100 nm particles (the change seems much less for
the 100-400 nm particles). From this one could assume that these small particles are
mostly consisting of SV particles. On the other hand, these smallest particles are most
affected by e.g. coagulation, and their mass could thus be transferred to the larger
size range during transport. I think that the large change with transport in the <50 nm
particle size range should be investigated, and maybe some overview of the literature
on whether this is a typical occurrence could be added to the paper.

AR: We agree with the reviewer that other processes, including coagulation, should
be considered as possibly important influences on near-road aerosol size distribution.
Zhang et al. (2004) reported that after the initial stage of dilution (tailpipe to on-road),
the second phase (road-to-ambient) aerosol size distribution evolution is dominated
by condensation and dilution, while coagulation and deposition play minor roles. Choi
and Paulson (2016) reported that only 5-10% of particle number concentration loss
could be attributed to coagulation within 200 m from the roadway. Therefore, based
on the evidence from existing literature, we do not expect that coagulation is a primary
process in altering the physio-chemical properties of transported traffic particles within
the near-road domain (10-200 m from the highway edge) where we conducted our
measurements.

Revision: We included the following discussion (Page 7 L30 -Page 8 L3): “It can be
noted here that other processes, including coagulation, can possibly have important
influences on the evolution of near-road aerosol size distribution. However, Zhang et
al. (2004) reported that after the initial stage of dilution (tailpipe to on-road), the second
phase (road-to-ambient) aerosol size distribution evolution is dominated by condensa-
tion and dilution, while coagulation and deposition play minor roles. Therefore, we do
not expect that coagulation is a dominant process in altering the physio-chemical prop-
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erties of transported traffic particles within the near-road domain (10-200 m from the
highway edge) where we conducted our measurements.”

As we discuss in Sec. 3.3 and Fig. 6, our results show that a single volatility distribution
can explain the observed evaporation of different size particles at a given location for
the size range we investigated (25-100 nm). Therefore, our analysis suggests that
particles within this size range (25-100 nm) have a consistent volatility distribution or
chemical signature, although they showed a different degree of evaporation in TD. This
will also be true of evaporation due to atmospheric dilution. Typically, it is expected that
very small particles will evaporate more quickly due to the Kelvin effect and increased
surface/volume ratio, even if they have similar volatility distribution.

page 8, line 15: ’Other effects (if any)...’ This sentence is mostly confusing; either the
other effects are clearly mentioned here, or this sentence could be removed.

AR: Here, by ‘other effects (if any)’ we mean if there is any inter-seasonal differences in
volatility. Revision: we revised this sentence as: “Therefore, inter-seasonal differences
in volatility of emissions (if any) should be reflected in the resulting fitted volatility dis-
tributions; these modeling results are discussed in Sec. 3.3.” (Page 8, L18-19)

page 9, line 1: I’m not following what is meant by ’downwind trend is dictated by BC’.
What is the BC-related process that determines the VFR? Also, it is not clear what the
quantity VFR-OA is representing here. How is this related to the difference in BC and
denuded SMPS volume in Fig. 2d? Also, is fig 2d an example or representative of a
longer period? Please clarify.

AR: We have made some minor edits to text in an effort to clarify this point. We’ll elab-
orate here, but hope the modified text conveys the point more clearly. We meant here
that downwind evolution of VFR at 180 C follows the similar trend as BC. One approx-
imation we can make that VFR at 180 C ∼ ELVOC (extremely low-volatility organics)
+ BC. Since ELVOCs (∼ OA MFR at very high temperature) are likely dominated by
regional background aerosol, a gradient in the contribution from these species down-

C5

wind of the roadway is not expected. Therefore, we would expect that near-road spatial
gradient of PM VFR at a very high temperature will be dictated by the BC component.
Our analysis in Fig. 2c supports this assumption: the scatter plot of [VFR at 180 C –
ELVOC] vs. BC fraction has an average slope of 1.29±0.19. An alternative way of say-
ing this is that the difference between high-temperature-TD-processed SMPS volume
and BC should give us an estimate of ELVOCs. Fig. 2d indicates that this difference is
∼ 65% of denuded SMPS volume at 180 C, and thus this fraction of PM volume may
be considered as ELVOCs. This is consistent with our other measurement approach
shown in Fig, 2b, showing that the OA MFR at 180 C measured via the ACSM at the
roadside trailer is ∼ 50% of PM VFR at 180 C. Therefore, by combining measurements
from different instruments and approaches, the analysis in Fig. 2 indicates that in a
near-road environment, denuded particle volume at very high temperature (180 C) can
be approximated as∼ ELVOCs + BC, and its spatial trend is dictated by BC component
(traffic tracer), not changes in ELVOC content away from the roadway. All plots in Fig.2
show campaign-average observations (as mentioned in the caption), so these trends
should be fairly representative.

Revision: To summarize and clarify the analyses is Fig 2, we added the following sen-
tences (Page 9, L16-19): “Therefore, by combining measurements from different instru-
ments and approaches, the analysis summarized in Fig.2 indicates that in a near-road
environment, denuded particle volume at very high temperature (at 180 C) can be ap-
proximated as∼ ELVOCs + BC, with a spatial trend that is dictated by BC (as a traffic
tracer).”

Page 9, line 15, and Fig 3 and 5. The sentence ’The evolution of the size distribution
of a monodisperse particle upon heating’ is confusing.

AR: We revised this as: “The heated size distributions of a size-selected monodisperse
(at ambient temperature) aerosol at different TD temperature is referred to as a volatility
spectra.” (Page9, L21-22)
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Also, how is the color scale chosen in Figs. 3 and 5? As the main information of
the figure is the relative contributions of the different modes, could it not be useful to
normalize the volatility spectra? Now the 25 nm spectra are very vaguely readable

AR: The reviewer correctly points out that the primary information of the figure is the
relative contributions of the different modes, and these data could be presented in a
normalized form. However, we aimed to show the relative abundance of different size
particles at a particular location, as well as how this changes with distance (especially
for Fig. 5), and so choose to show absolute concentrations with the same color scale
for all panels in Fig. 3 and 5. For example, the color scale in Fig. 5 allows us to show
that concentrations of 100 nm particles reduced with distance, but their mixing state
remained almost unchanged. We feel this is the best overall approach for displaying
these data.

page 11, line 6: ’...the mixing state of traffic-emitted particles is not substantially altered
within a few hundred meters’. This is basically correct in the context that particles that
are externally mixed at the start stay so; however, in a hypothetical case that internally
mixed particles dominate the emission at the start, the mixing with background air
would soon cause an external mixture. The sentence should be made less general,
e.g. ’...in this case, the mixing state...’

AR: We thank the reviewer for the suggestion. One thing to make clear here is that
we state that the mixing-state of traffic particles at near-road (10 m) and far-road (200
m) remained almost same, but we didn’t indicate their degree of mixing. For example,
if some percentage of BC particles from traffic emissions is externally mixed at the
near-road location (10 m), their mixing state did not substantially alter within a few
hundred meters. If traffic particles are internally mixed at the start (e.g., BC mixed
with HOA), it will remain so during mixing with background air (since that already has
some mixing/coating of OA). Essentially, the fraction of internally and externally mixed
particles doesn’t appear to change, nor is there evidence of substantial coating on
externally mixed ‘non-volatile’ particles.
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Revision: To make this sentence more specific, we revised it as: “This result indicates
that there is minimal change in the mixing state in traffic-emitted particles between
the near-road (∼10 m) and far-road (∼220 m) locations. Specifically, the proportion
of internally versus externally mixed particles doesn’t appear to change, nor is there
evidence of substantial coating on externally mixed ‘non-volatile’ particles.” (Page 11,
L12-15)

page 13, line 26, and Fig. 8. I have some difficulties understanding how Fig. 8b was
arrived at, and what should be compared in the figure. Which bars at at 10m and
which ones at 220? The statement ’we assume that the volatility distribution (...) at
220 is a representative (...) for background particles’ seems contradicting to fig 8a,
where ca 33% of the total aerosol seems to still be traffic-originated. I think that it
would be helpful to understanding if a more detailed (step-by-step) explanation for how
each of the three mass concentrations were obtained could be given, maybe even in
equation form in the supplementary. For example: M(near-road)i = (SMPS total mass
- BC - ACSM(inorganics) ) x (May et al)i M(background)i = (bg OA mass ) x (TD vol.
distribution at 220m)i M(traffic)i = (NR - BG oa mass) x (TD vol. distribution at 10 m)i

AR: We thank the reviewer for these helpful suggestions. In response to this and the
other reviewer’s comment, we have made multiple efforts to improve the clarity of the
analysis and discussion around Fig. 8. For example, by changing the figure caption and
legend, adding tags to specific bars, making changes in the text and adding a new sup-
porting section in SI. The main point of this analysis is a comparison of our measured
road-side volatility distribution (at 10 m) with a reconstructed distribution using traffic
and background. We added multiple arrows in the revised figure that should clarify
what should be compared in this figure (i.e., measured vs. reconstructed distribution).
Following the reviewer’s suggestion, we added a new section in the SI (sec. S4) that
provides a detailed (step-by-step) explanation on how each of the three distributions
were estimated.

The reviewer correctly pointed out that at our far-road location a non-negligible frac-
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tion (∼20-30%) of total aerosol is likely from traffic emissions in this particular case.
However, since we do not have measurements of particle volatility at our upwind back-
ground site, the use of the measured distribution from the far-road location as ’back-
ground’ was our best approximation. We have added text to make this caveat clear.

Since we did not measure particle volatility at our upwind background site, we assume
that the volatility distribution measured at our far-from-road downwind location (220 m)
is a representative distribution for background particles. This is a reasonable approxi-
mation as particle concentrations approach background levels within 200-300 m from
the highway (Saha et al., 2017a). It should be noted that this ‘background’ OA contains
a non-negligible (∼25%) contribution from traffic emissions (Fig. 8a), and so likely has
a slightly greater contribution from higher-volatility components than what would be
measured in an actual ‘background’ location.

One should highlight here that volatility of traffic-particles at near-road and the far-
road location are not expected to be the same. The distribution at far from the road
(more diluted) is expected to be more ‘background like.’ Therefore, even though a small
fraction of the aerosol in the far-road location can be from traffic origin, its overall effects
on the background volatility distribution is not expected to be dramatic as substantial
evolution has already occurred. We have added a caveat that more extensive modeling
is needed to represent these processes.

While this simplified ‘superposition’ analysis suggests that our data are able to cap-
ture the influences of near-road evolution on emissions, further measurements and
modelling work are needed to represent these dynamic processes.

Revision: For further details, please see (i) revised Fig. 8, (ii) revised text in MS Sec.
3.4 and (iii) new addition of Sec.S4 in SI

Several assumed densities could be found in the article for different data analysis ap-
proaches (at least 1.1, 1.5 and 1.8 g/cm3 are described). Could this be made more
consistent, or are there specific reasons for using these values that could be stated?
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AR: We assume a density of 1.8 g/cm3 for BC particles for SP2 data analysis. We
estimated an effective density of 1.5 g/cm3 for submicron PM (see Fig. S7 for details)
for converting SMPS total volume to mass. A density of 1.1 g/cm3 (Table S1), was
listed from May et al. (2013) along with different assumed TD kinetic model input
parameters. However, since our TD kinetics modeling was based on tracking change
in monodisperse particle size upon heating (V-TDMA approach), density does not play
a role in the evolution of particle size. Therefore, we removed that entry from Table S1
to avoid confusion.
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Figure showing campaign-average normalized downwind decay profile for a) NOx, b) BC 
during summer and winter.  

 

Fig. 1. Figure showing campaign-average normalized downwind decay profile for a) NOx, b)
BC during summer and winter.
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