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Abstract

Small aethalometers are frequently used to measure equivalent black carbon (eBC) mass
concentrations in the context of personal exposure and air pollution mapping through mobile
measurements (MM). The most widely used is the microAethalometer (AE51). Its performance
in the laboratory and field is well documented, however, there is not sufficient data in the context
of its performance in different environments. In this investigation, we present the characterization
of the performance of the AE51 through field unit-to-unit intercomparisons (IC), and against a
reference absorption photometer from three MM campaigns conducted in drastically different
environments. Five IC parameters were considered: i) study area, ii) location of IC, iii) time of
day, iv) duration of IC, and v) correction for the filter-loading effect. We can conclude that it is
crucial where and how long the IC have been performed in terms of the correlation between the
mobile and reference instruments. Better correlations (R? > 0.8, slope = 0.8) are achieved for IC
performed in rural, and background areas for more than 10 minutes. In locations with more
homogenous atmosphere, the correction of the loading effect improved the correlation between
the mobile and reference instruments. In addition, a newer microAethalometer model (MAZ200)
was characterized in the field under extreme cold conditions and correlated against another
MA200 (R? > 0.8, slope =~ 1.0), AE51(R? > 0.9, slope ~ 0.9), and a stationary Aethalometer
(AE33) across all wavelengths (R? > 0.8, slope = 0.7). For MA200, the loading effect was more
pronounced, especially at the lower wavelengths, hence the correction of the loading effect is
essential to improve the correlation against the AE33. The MA200 and AE51 proved to be robust
and dependable portable instruments for MM applications. Real-world quality assurance of these
instruments should be performed through field IC against reference instruments with longer
durations in areas of slowly changing eBC concentration.

Keywords: Portable instruments; Mobile monitoring; Black carbon; Instrument intercomparisons
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INTRODUCTION

Black carbon (BC) particles are an increasingly important air pollutant in terms of human

exposure to combustion-related emission sources such as traffic and wood burning. Since these

particles are highly variable in space (Peters et al., 2014a; Rakowska et al., 2014) due to their size

(20-300 nm), their spatial distribution should be determined with high resolution to estimate

different exposure scenarios. This has become possible with the rise of portable instrumentation

with fast measurements placed in mobile platforms.

The microAethalometer (microAeth® AE51 model, Aethlabs, San Francisco, CA) is

currently the most widely used portable absorption photometer for measurements of BC mass

concentrations aboard mobile platforms. The AE51 measures the attenuation of light (880 nm)

through a particle-loaded filter (T60 Teflon coated glass fiber) and converts this to an equivalent

black carbon (eBC; (Petzold et al., 2013)) mass concentration using a fixed mass attenuation

coefficient (MAC). The time resolution can be set from 300 seconds down to 1 second. It is also

small enough to fit in a pocket, making it extremely portable. This instrument is the most

characterized portable instrument for eBC measurements in terms of filter loading effect (Cheng

and Lin, 2013; Good et al., 2017), and sensitivity to sudden changes in relative humidity,

temperature (Cai et al., 2013), and vibration (Apte et al., 2011). To investigate the performance

of any instrument, it is often compared against “reference” instruments with operating principles

considered as standard method. While there is no standard method to measure BC, there are three
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potential candidate methods to measure aerosol absorption ab-initio. These methods are capable

of measuring the absorption of particles suspended in the air, rather than collected on a filter. The

first method measures extinction and scattering, and calculates the absorption as the difference

between them. This method works for single-scattering albedo values below about 0.8. The

second is the photoacoustic method which measures the pressure waves generated by modulated

absorption of light by aerosols, subsequent heating and change in the density of the air. Usually, a

resonant cavity is employed to amplify the signal. This resonance needs to be tracked and is

sensitive to changes in ambient conditions. The signal is also dependent on the losses to latent

heat as the coating of the particles changes phase. The third is the photothermal interferometry

which employs a similar heating of the sample, measuring the change in the refractive index

following the change in density. All methods require drying of the sample. Filter photometers

are commonly used in the field. Light from an LED source passes through a particle-loaded filter,

and is detected by a photodiode. The amount of light attenuated by the light-absorbing particles

trapped in the filter is proportional to the concentration of these particles. The light absorption

coefficient of the particles is converted to mass concentration of light absorbing carbon by

dividing it with the MAC. The calculation assumes the filter properties in the derivation of the

absorption coefficient introducing uncertainties into the reported parameters. This method

provides “mass equivalent black carbon” or “eBC” as recommended by Petzold et al., 2013.
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However, MAC can vary widely as a function of particles’ physical (i.e. coating) and chemical

(composition) properties across different locations and atmospheric conditions. Consequently,

this is a source of uncertainty for optically derived mass concentrations of eBC. Despite this,

light absorption instruments have been used in regular air quality monitoring in fixed locations

across the globe due to its ease of use, online measurements, and high time resolution. In

previous studies, the AE51 have been compared against rack-mounted versions of absorption

photometers as they have the same operating principle and feature high time resolution. For

instance, Viana et al., (2015) performed experiments on the unit-to-unit variability of the AE51

as well as intercomparisons (IC) against a reference instrument (multiangle absorption

photometer or MAAP model 5012, Thermo, Inc., Waltham, MA USA) in a single location.

However, this investigation was not done in the context of mobile measurements (MM). Birmili

et al. (2013) and Alas et al. (2019) among others, have emphasized the importance of doing field

IC between mobile devices and reference instruments during a mobile measurement round to

ensure the quality of the data obtained. This way, the eBC mass concentrations obtained from the

AE51 is harmonized with a more stable and quality-assured instrument. This has been done in

practice by previous studies, but rarely focused on. The question remains: how does the AE51

compare against a reference absorption photometer in the context of MM performed over

different environments and what factors influence their correlation?
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The aim of this investigation is to determine the intercomparability of the AE51 against

each other and against reference instruments using the data from three mobile field studies

performed in multiple locations with varying sources and atmospheric conditions. These

measurement campaigns used the same mobile platform, and followed the same experimental set

up. All the mobile measurement routes included fixed stations that has absorption photometers

serving as reference instrument for eBC mass concentrations for field IC of varying duration.

In addition, the field performance of relatively new, portable, 5-wavelength absorption

photometers with PTFE filter material (microAeth® Model MA200, Aethlabs, San Francisco,

CA) was investigated in comparison to its predecessor (AE51) and to a rack-mounted 7-

wavelength aethalometer (Model AE33, Magee Scientific, Berkeley, CA, USA). This study

focuses on the unit-to-unit variability of MA200, its intercomparison with the AE51, and the

reference instrument, AE33. Sensitivity of this instrument to different factors such as temperature,

pressure, humidity, etc. will not be analyzed as these have been published elsewhere (Dusing et

al., 2019)

METHODS

Locations

This section briefly describes the instrumentation used as well as the mobile measurement

experiments performed in the following campaigns:
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I. Metro Manila Aerosol Characterization Experiment (MACE-2015, “Manila campaign”),
Philippines
ii. Carbonaceous Aerosol in Rome and Environs (CARE-2017, “Rome campaign), Italy
I1l. Loski Potok, Slovenia (LP-2018, “Loski Potok campaign”).
Mobile measurements (MM)

The MM carried out for all three campaigns were more or less similar and descriptions
can be found in the references listed in the footnotes of Table 1. Briefly, the AE51 is placed
inside a hard-case, water-proof, backpack. The aerosol enters the system through a 1-m stainless
steel inlet. The aerosol sample then passes through a silica-gel drier, which dries the aerosol and
dampens the effects of sudden changes in humidity, before entering the AE51. A microcomputer
logs the data and synchronizes it with the location information obtained by the GPS unit. The
AE51 was operated with a flow of 100 mL min and time stamp of 1-s. However, to minimize
noise and still have high resolution data, the 10-second median of the eBC mass concentrations
were obtained from the 1-s data. For the case of the Loski Potok campaign, the MA200 was

additionally installed downstream of the silica gel dryer and the flow rate was set to 150 mL min-

The MM were done along fixed routes, which covered different microenvironments.

Measurements were repeated along the routes to obtain representative information. All routes
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passed by a fixed station which contained the reference absorption photometer where the

“runners”, who carry the backpack, can stop for some time to intercompare the AE51 and

MAZ200 (in the case of Loski Potok campaign) with the reference instruments (not on the same

inlet, but in the same vicinity).

The different transit times of the aerosol being sampled through the inlets of the backpack

and the container could influence the correlation between the two, especially in IC locations with

rapidly fluctuating eBC concentrations. This was addressed by synchronizing the data loggers

with internet time and aggregating the dataset. The 10-s median from the mobile devices were

further aggregated to 1-minute to be comparable to the reference instruments. This smooths out

the possible lag in the measurements.

Field campaigns

Table 1 describes the different campaigns and their mean ambient conditions. Table 2, on

the other hand, summarizes the IC parameters for each campaign. For summary of the description

of each instrument used in this study, including operating principles and technical specifications,

see Table Al. The number of IC periods done per site is listed in Table A2.

Manila, Philippines

MACE-2015 was performed in the highly urbanized metropolitan (> 10M inhabitants) of

Metro Manila, Philippines (tropical) in the summer time (March to June). During these months,
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the weather in Manila is typically warm (around 30 °C) with minimal rain and cloud cover.

Winds are generally blowing from the East and gradually switches to Southwest at the onset of

the monsoon season (middle of May). Here, the main source of eBC particles is traffic due to the

lenient regulation of vehicular emissions and high volume of vehicles. For more information on

MACE-2015, the readers are directed to the following publications (Kecorius et al., 2017; Alas et

al., 2018; Kecorius et al., 2018; Kecorius et al., 2019; Maduefio et al., 2019). Reference

instruments were set-up permanently (for the duration of the experiment) inside a building within

an urban background area (university campus). Simultaneously, an aerosol measurement

container was placed 300 m away on a street side (phase 1) along Katipunan Avenue for more

than a month. Then, the aerosol container was moved closer to the urban background station for a

week of IC (phase 2). Finally, it was moved until the end of the campaign 20 km away to a street

side along Taft Avenue (phase 3), which has street canyon configuration. The aerosol container

and urban background station measured eBC mass concentrations with a MAAP. Two mobile

measurement experiments were performed, one during phases 1 and 2, (including the urban

background station) and one during phase 3. For both mobile measurement experiments, the IC

periods between the AE51 and the MAAP were shorter than 5 minutes.

IC was performed by placing the aerosol backpack(s) near the measurement container

where the reference instruments are. For the urban street site, the aerosol container was ~2 m
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away from the backpacks and with ~ 3 m height difference between their inlets. For IC at the

urban background site, there were two instances: IC against the reference instruments on the 4th

floor of a building (as mentioned above), and IC against the aerosol container when it was moved

near the same building for a week. The inlet of the of building site was ~55 m from the inlets of

the backpacks during IC periods. IC periods at the urban street and urban background were done

within one run. Alas et al., 2018 have demonstrated that the difference in concentration between

the building site and the aerosol container when they were in the same location was not

significant. The mean eBC mass concentrations (standard deviation) at the building site was 6.9

(4.8) ug m3 while at the ground site with the aerosol container was 7.6 (4.9) pg m3showing that

particles in this location, specifically eBC particles, were spatially homogenous.

For the IC performed at the urban street canyon site, the same aerosol container was used

but was mounted on 1-m cement blocks. Therefore, the vertical distance between the inlets of the

aerosol container and the backpacks were ~4 m. The horizontal distance, on the other hand, is

approximately 2 m.

Rome, Italy

CARE-2017 was performed in the city of Rome, Italy, which is home to more than 3

million people. The campaign was done in February 2017 with temperatures ranging from 7 to 15

°C. Minimal rain events occurred during this time. The main sources of eBC particles were
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vehicular emissions and domestic heating. For this campaign, an aerosol container was placed

inside a gated garden, which is considered an urban background area (Costabile et al., 2017).

Collocated MM with two aerosol backpacks with identical instrumentation were performed

around this station with a 30-minute IC duration (Alas et al., 2019). During this IC periods

against the reference instruments, the backpacks were placed ~ 3 m from the aerosol container

inlets horizontally, and ~ 4 m vertically. The IC period was performed 30-minutes into the 2.5

hour run.

Loski Potok, Slovenia

The measurement campaign was performed in the model region Retje, Loski Potok,

Slovenia, a populated, forested karst hollow with frequent ground temperature inversions and

residential wood combustion as the main energy source. MM were performed from December

2017 to January 2018 with temperatures ranging from -17.7 °C to 14.2 °C in the hollow. Two

stations with reference instruments were set up in the studied area (Glojek et al., 2018), one at the

bottom of the hollow in the Retje village (715 m a.s.l., rural village) and one on top of Tabor hill

(815 m a.s.l., rural background site). At both stations, eBC mass concentrations were retrieved

with AE33. Along the hollow, simultaneous MM were performed with a 20-minute IC at the

station in the village and with a 10-minute IC on top of the hill. The following instruments were

intercompared: the AE51 and the MA200 with the AE33. IC at both stations were performed

10
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within one run (one filter). For the IC at the rural village, the backpacks’ inlets were ~8 m

horizontally and ~ 2m vertically away from the inlets of the fixed station. For the IC at the rural

background, the horizontal distance between the inlets was ~2.5 m and the vertical distance was

~3m.

Data processing

The loading effect in filter photometers is a bias, which reduces the apparent

concentrations relative to the ambient ones. The apparent reduction depends on the loading of the

spot. The filter-loading effect (FLE) is a non-linearity due to the saturation of the attenuation

(ATN) as the amount of the sample on the filter in the photometer continually increases — the

eBC mass should depend only on the change of attenuation in time, but due to saturation, an

ATN dependence is observed (Park et al., 2010; Segura et al., 2014; Drinovec et al., 2015). The

FLE on eBC mass concentrations measured by filter-based photometers have been studied

extensively. The two most direct way to detect this in post-processing is to plot the raw eBC mass

concentrations as a function of the attenuation (ATN), and to compare against a reference

instrument. The FLE depends on the type of particles sampled. Another method is the one

outlined in Good et al. (2017), where an experimental set-up in the laboratory including a

photoacoustic extinctionmeter (PAX) was used as a reference instrument, which, being not filter-

based, is not susceptible to FLE. However, as this instrument was not used in any of the

11



230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

campaigns in this study, the eBC mass concentrations measured by the AE51 and MA200 were

instead compared against the AE33 which has a real-time FLE correction, and the MAAP which,

compared to the AES1, is less susceptible to the FLE (Petzold et al., 2005).

For the Manila and Rome datasets, three approaches to assess the FLE were performed:

1. BC(ATN) approach: Assessment of FLE on the whole dataset (measurements from the

entire routes) by plotting the eBC concentrations as a function of the increasing ATN.

2. Deviation (ATN) approach: Assessment of FLE during the intercomparison periods

(based on Masey et al. (2020)) analyzing the ratio and difference of eBC measurements between

AES51 and reference instrument as a function of increasing AE51 ATN.

3. Virkkula correction approach: Assessment of FLE by correcting entire datasets using

the Virkkula algorithm (Virkkula et al., 2007) with a loading parameter from literature.

For BC(ATN) approach, the entire mobile measurement was used to assess the FLE. Raw, 1-s

data from the AE51 was analyzed by plotting it against the ATN. To determine if FLE is present,

the eBC measurements were binned in intervals of 1 ATN. A linear fit was performed for both

the mean and median eBC measurements per ATN bin over the whole ATN range. Another

experiment was to fit the mean and median values over only a specific ATN range. In Drinovec

et al. 2015, they did not include the lowest and largest ATN values in the fitting due to low

frequency of eBC measurements at those values. In this study, we did this by doing the BC(ATN)

12
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plots only for eBC values below the 95" percentile of ATN. If the fit has a negative slope, the
eBC is decreasing with increasing ATN, hence, there is a loading effect. Normally, the loading
parameter to correct the AE51 raw concentrations can be derived from the slope and intercept of
the regression line.

The deviation (ATN) approach follows that of Masey et al., 2020 to assess FLE during 1C periods.
The raw eBC mass concentrations measured by the AE51 during the IC periods were taken and
aggregated to 1-min averages. Two statistical parameters were used to investigate deviation of
the measurements between the AE51 and reference instruments as a function of the ATN of the
AES51: the ratio (AE51/reference) and the difference (AE51 — reference). Similar to the first
approach, the slope of the linear fit indicates the FLE.

The Virkkula correction approach was performed to investigate if correcting for the FLE
significantly improves the AE51 measurements. The FLE correction algorithm by Virkkula et al.
(2007) was used to correct the dataset. The loading parameter (k = 0.005) applied here was taken
from Drinovec et al. (2017) which is supposed to represent a diesel dominated aerosol type. In
most of the studies involving AE51 measurements, the algorithm presented by Virkkula et al.,
2007 is used as it is very simple (Cheng and Lin, 2013; Dons et al., 2013; Peters et al., 2014b;

Van den Bossche et al., 2015; Van den Bossche et al., 2016). Hence, it was also used in this study.
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For the Loski Potok campaign, a different loading parameter has to be derived for the
MAZ200 as it uses a different filter material from the AE51. Also, due to characteristics of the
route measured with mobile devices, BC(ATN) plot alone was not enough to determine the level
of the loading effect for MA200 instruments. Since each run started at the rural background with
lower eBC concentrations, continuing towards the village, where concentrations were usually
higher, the BC(ATN) plot was biased. Therefore, two different measures had to be considered in
order to determine the filter loading effect:

- Observed jump in measured concentration after the tape advance should be minimized
after the correction for the loading effect.

- Considering the contribution of sources at both stations, rural background and village, and
measurements obtained by the AE33, the absorption A ngstrdm exponent (AAE) is expected to
increase from the rural background toward the village. Therefore, the compensation should not
result in decrease of AAE with ATN.

Analysis

Correlation analyses were performed to determine the comparability of the mobile with the
reference instruments. For the IC of the mobile devices against each other (MA200 vs MA200;
AE51 vs AE51; MA200 vs AES1), a reduced major axis (RMA) regression was used to include

errors in both instruments. For the IC of the mobile devices against the reference absorption

14
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photometers in different environments a simple linear regression was applied. We also

investigated the impact of different parameters (i.e. location, time of day, filter loading effect

correction, and duration of 1C) to the intercomparability of the instruments.

More information on the performance of the AE51 during these campaigns (time series, etc.) are

already published in Alas et al. (2018)(Supplementary Material), Costabile et al. (2017), and Alas

et al. (2019).

All calculations were performed in R (R Core Team, 2019) using Imodel2 (Legendre, 2018) and

Ime4 (Bates et al., 2015) packages. Data manipulation was done using the package dplyr

(Wickham et al., 2018). For the visualizations, ggplot2 (Wickham, 2016) package was used.

RESULTS AND DISCUSSION

Unit-to-unit comparability of AE51

For campaigns in Rome and Loski Potok, two aerosol backpacks with identical instrumentation

were used to explore the unit-to-unit variability of two AE51 units in real-world MM. The

models used were the AE51 S5 and AE51 S6, where the former is an older model.

Figure 1 shows the correlation analyses (RMA) between the two models during both campaigns.
It must be noted that exactly the same models were used for both campaigns. The correlation of
the two units is slightly lower in the Rome campaign compared to the Loski Potok campaign. In

Rome campaign, The AE51 S5 was 5% lower than the AE51 S6. This can be attributed to the

15
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study area in Rome, which was in an urban area with higher variabilities of sources. Nonetheless,
the unit-to-unit variability of the two AE51 units during MM is low at around 5% at 10-second
time resolution.

Intercomparability of mobile devices to reference instruments in different environments

In this section, we explore how the AE51 performed in different environments using data from
three different campaigns in comparison to rack-mounted, widely used absorption photometers
(MAAP 5012 and AE33), which are considered as reference instruments. The AE51
measurements were aggregated to 1-minute averages to compare against the reference
instruments with 1-minute time resolution. The entire 1C dataset for each campaign was used for
this correlation analysis and the results are shown in Figure 2. From this figure, it appears that the
AES51s performed best in Rome, followed by LoSki Potok, and lastly in Manila. To determine
which other factors may have influenced the correlations, the following parameters were
investigated: i) the location of IC, ii) the correction of the filter loading effect, iii) the time of the

day when I1C was conducted, and iv) the duration of IC.

Location of IC

The Manila and Loski Potok campaigns had multiple locations for IC. For Manila, IC was done
at an urban background site, one at a street side, and one at a street canyon. For Loski Potok, one
was done at a rural background region (up a hill) and one at a street side of a rural village. We
performed the correlation analysis again, this time not only as a function of the study area, but
also of where the IC was performed (Fig. 3). One can see now that, for Manila (Fig. 3(a)), the
low correlation (R? < 0.5, and slope = 0.75 and 1.5) between the AE51 and MAAP was due to the
IC done at the street side and street canyon. At the urban background region, the correlation is

high (R? > 0.8, slope > 0.8). In Rome, IC was only done at an urban background area so the
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results are the same as in Fig. 2(b). Fig. 3(c) also shows good correlation between the mobile and
reference instruments, indicating that the area of Loski Potok has a homogenous distribution of
eBC particles. The poor correlation at street side IC in Manila is due to the higher variabilities
that arise from passing of vehicles, turbulence, and other local sources as well as the vertical and
horizontal distance between the inlets of the aerosol backpack and aerosol container. Although,
this does not mean that the AE51 do not perform well in areas with high spatial variabilities, it is
simply difficult to conduct an IC in such locations due to rapidly fluctuating concentrations. This
could be improved by connecting the backpack to the same inlet as the reference instrument, but
this would disrupt the MM. Therefore, to harmonize mobile instruments during mobile

measurement campaigns, IC done at atmospherically homogenous areas work best.

The filter-loading effect

All datasets were analyzed for filter-loading effect. From the three datasets, the measurements
from both AES1 and MA200 of the Loski Potok campaign were corrected for the filter-loading
effect. For the Manila and Rome datasets, the results of the three assessment approaches are
presented and discussed here. From the first approach, the BC(ATN) plots showed a dependency
on the route (Fig. A1 and A3), indicating that a single loading parameter cannot be derived,
because the area being studied has a very inhomogeneous atmosphere and specific areas with
different sources have to be analyzed separately. Unfortunately, there isn’t sufficiently large data
set to derive an empirical k (Fig. A2). The deviation (ATN) approach showed similar results (Fig.
A4) to the first one. For the Katipunan route (Fig. A4 (a) and (b)), the ratio vs ATN plots shows a
negative slope (-0.0063) while the difference vs ATN has a positive slope (0.661). The Taft route
(Fig. A4 (c) and (d) shows negative slopes for both the ratio (-0.00117) and the difference (-

0.215). This is more indicative of an FLE. The Rome route (Fig. A4 (e) and (f)) shows positive
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slopes as well (0.0028 and 0.0039). However, this approach may not be suitable for this study:
the IC periods (co-located AE51and reference measurements) were performed in the middle of
the run — this means, that we would have only a fraction of the ATN range to analyze. To be able
to apply results from this approach, we would need eBC mass concentration data that is evenly
distributed over the whole ATN range, otherwise, it would be misleading to use a loading
parameter derived from this and apply it to the whole measurement route in urban areas. For the
third approacha value of 0.005 for k based on literature (Drinovec et al., 2017) was used,
representing a roadside aerosol for 880 nm. This was applied using the algorithm proposed by
Virkkula et al. (2007). Figure A5 shows that correcting for the FLE with the given k did not
significantly improve the eBC mass concentrations of the AE51 (3-8% increase).

Also, owing to the inhomogeneity of the study area, correcting the whole dataset with a single
loading parameter may cause an over/underestimation in specific parts of the route. Unlike in
Loski Potok, which is a rural area, the eBC levels vary widely and rapidly in urban environments
due to micrometeorology and high spatial variation of sources and their strengths. These
variations are also greater than the possible error caused by the loading effect. Hence, correcting
for it will not lead to any significant improvement of the AE51 eBC measurements.

Results of the three approaches suggest that there are no significant detectable FLE in the Manila
and Rome datasets. Dedicated experiments are necessary to develop methods that would lead to
derivation of a loading parameter appropriate for data obtained from MM in urban areas.

In this section, the impact of the FLE correction on the Loski Potok data is discussed. Figure 4
shows the IC between the AES1 and the AE33 in the two IC locations in Loski Potok for both
uncorrected and corrected AE51 eBC data. The correlations between uncorrected eBC measured
by microAethalometers (AE51_S5 and AE51_S6) and the reference instrument AE33 were good

at both stations, rural background and rural village, as seen on Figure 4 (red points). The slope of
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uncorrected eBC measurements for both mobile instruments was higher at the urban background
station (0.88) than for the village station. This can be explained by taking a closer look into the
course of each run, since every single run started at the rural background, where the attenuation
of the filter was low, continuing towards the village, where filter attenuation was already high.
This leads to increased loading effect and consequently lower slope, when comparing to the
reference AE33 in the village: 0.81 and 0.84 for the AE51 S5 and AE51 S6, respectively (Fig. 4
I1.). The same loading effect correction (k=0.005, also representative of freshly emitted particles
from wood burning (Drinovec at al., 2017)) was applied for the whole course of mobile run with
the AES51. This procedure improved the agreement between both instruments (AE51 and AE33)
with slopes close to unity: 0.92 (S5) and 0.93 (S6) at the rural background and 0.95 (S5) and 0.96
(S6) in the rural village. Variability and level of eBC concentrations was lower at the rural
background than at the rural village station, owing to more distant emission sources with lower
variability at the rural background station.

Time of IC

The time of the day when the IC was performed was also investigated (Fig. 5) to determine if the
intercomparability of the AE51 and reference instruments is affected by the variability of the
meteorological conditions and sources within a day. The time of 1C was segregated to morning,
afternoon, and evening as proxy to variations in incoming solar radiation, temperature, and height
of boundary layer. Fig. 5 shows that there is no obvious dependence of the intercomparability to
the time of IC. In all IC locations, the AE51s were able to capture the eBC mass concentrations

regardless of the variabilities within the day.

Duration of IC

19



398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

Lastly, the duration of IC was investigated. Only data from rural background, rural village,
background and urban background regions were used for this analysis which is shown in Figure.
6. The duration of IC increases from Fig. 6 (a) to (d) and it shows that longer IC durations lead to
better correlation and harmonization of the mobile with the reference instruments. Longer
durations provided more time for the mobile instruments to adjust to its surroundings as they are
not in the same inlet as the reference instruments nor are they on the same height from the ground.
Therefore, IC should be done for more than 10 minutes in atmospherically homogenous areas to

achieve better harmonization between the mobile and reference instruments.

MA200

For the LoSki Potok campaign, the 2 backpacks were equipped with both an AE51 and the new
generation, 5-wavelength microAethalometer MA200. This served as a field performance test of
the MA200 in extreme conditions (winter) in terms of unit-to-unit variability, IC against AE51
and finally, IC against the AE33.

Unit-to-unit

Figure 7 shows the results of the RMA regression between the two units of MA200 for all
wavelengths (uncorrected data). The two units have good agreement with each other except for
the blue channel (470 nm) where the R? is 0.57 which could be due to the noise from the light
source. In this experiment, the MA200 was compared against AE51. The MA200_75 was in the
same backpack as the AE51_S5, both downstream of the silica gel dryer. The same is true for the
MAZ200_69 and AE51_S6. Figure 7 shows the correlation between the MA200 (880 nm channel)
and AES51 during MM at Loski Potok with R2 and slopes higher than 0.90. The real-world eBC
mass concentrations measured by the MA200 at 880 nm correlates well with the measurements

from the AE51.
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Against reference instrument

Since the AE33 and the MA200 do not have the same number of wavelengths, the MA200 was
compared to only 5 channels of the AE33 which are listed in Table 3. In addition, since the
software versions of the MA200s still did not include the filter-loading correction algorithm, the
data were post-processed for the filter-loading effect with the offline method of Virkkula et al.
(2007) as explained in the Methods section. Fixed k (compensation; from here on k_MA200)
parameters characterizing the loading effect were determined from the measurement data,
separately for each wavelength. kK MA200 values used for loading effect compensation are listed
in Table 3. The data from AE33 were already corrected online.

The IC of measurements obtained with the MA200 and the reference AE33 for five different
wavelengths (UV, Blue, Green, Red and IR) at two stations in Loski Potok, showed a more
pronounced filter-loading effect in MA200 instruments as compared to the AE51. Moreover,
higher loading effect is seen for the lower wavelengths (Fig. 9).

Correcting for the filter-loading effect in MA200 makes a significant improvement of the
correlation against AE33 for all wavelengths, particularly for lower wavelengths. Less loading
effect was observed for the rural background station, due to low filter attenuation at the beginning
of each run. The slope between datasets for the UV wavelength increased after compensation
from >0.29 to >0.78, with an increase of the R2 from >0.80 to >0.93. For the IR wavelength, the
improvement of correlation with corrected data was the smallest, yet with an important increase
of the slope at the rural village site from >0.74 to >0.87. The loading parameter K_MAZ200 differs
from the one featured in other Aethalometer instruments due to a completely different filter
material — it is not fibrous but rather a membrane. Loading effect for Teflon coated glass fiber

filters is mostly known, whereas this is one of the first studies, where the loading effect for
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MAZ200 instruments is evaluated. As observed during the Loski Potok campaign, MA200
instrument experiences much stronger loading effect than the AES51. Therefore, loading
compensation should be applied to the raw data especially with high filter loading and when
AAE is calculated from the multi-wavelength data, since stronger loading effect in low

wavelengths leads to biased values of AAE.

CONCLUSIONS

microAethalometers, despite being widely-used for mobile measurements of eBC mass
concentrations, have hardly been assessed in real-world environments. In this study, two models
(AE51 and MA200) were assessed to determine how well they perform in the field during mobile
measurements when compared against a reference absorption photometer.

Data from three mobile measurement campaigns were used in this study: a highly urbanized
megacity during the summer (Manila, Philippines), a touristic but urbanized city in winter (Rome,
Italy), and a rural village in winter (Loski Potok, Slovenia). The assessment was in terms of its
comparability against another unit of the same model, and a reference absorption photometer.

The AE51 showed a unit-to-unit variability of 5% in urban areas, and lower in rural areas. This
was also reflected by the intercomparison (IC) against the reference instruments, where R? are
higher and slopes closer to unity for IC's done at the rural background, rural village, background,
and urban background locations than at urbanstreet and urban street canyon. The

intercomparability of the AE51 to the reference instruments showed dependence on the location
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of the IC, filter-loading effect correction, and duration of IC, but not on the time of day when the

IC was done. This implies that the AE51 performs well in different environments and can capture

the variabilities of the eBC mass concentrations within the day which are caused by the varying

strength of sources and meteorological conditions. Also, for mobile measurements,

harmonization of the AE51 with the reference instruments should be done in an atmospherically

homogenous environment at longer duration (10-30 minutes) where the spatial variabilities are

much lesser than at the street side.

In addition, the field performance of a newer microAethalometer with 5-wavelengths (MA200)

was also assessed in terms of its intercomparability against another MA200, the AE51, and a 7-

wavelength Aethalometer. The MA200 has low unit-to-unit variability (~2%) across all

wavelengths as determined at the rural sites. The variability is greater at the rural village,

especially at lower wavelengths (UV = 15-22%, blue = 12-18%, green = 11-15%, red = 0-8%,

and red = 0-3%). The MA200s (880 nm channel) showed good agreement with the AE51s. In the

environments with similar conditions as in Loski Potok, where biomass burning is an important

source of eBC, correcting the raw data for filter-loading effect is of exceptional importance for

reliable data interpretation. In the study in Loski Potok, Slovenia, compensation parameter k was

determined for each wavelength and applied with the post-processing method (Virkkula et al.,

2007) assuming a constant k value for the whole winter measurement period. This assumption
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can introduce systematic errors in the data, which can be avoided by determining highly changing

k values using the online algorithms (e. g. Drinovec et al., 2015; Drinovec et al., 2017). In

addition, further laboratory, as well as real-world experiments, are necessary to obtain a range of

k values characteristic for MA200 instrument.

Further investigations on the field performance of the MA200, similar to the ones done for the

AES5L1 in this study, especially in other environmental conditions, is necessary to fully assess its

capabilities in reliably capturing the spatial variability of eBC mass concentrations.

Loading effect on eBC measurements done at urban areas in the context of mobile

measurements proved challenging to detect as the relationship between eBC and ATN showed

dependency on the route. Dedicated experiments have to be done to develop a method capable of

detecting loading effect and apply an offline correction on the eBC measured through mobile

measurements.

Finally, the AE51 and the MA200 are reliable instruments that can perform well in drastically

different environments. Fully understanding the how these instruments perform in the field can

increase our confidence in the data gathered through mobile measurements which are necessary

for accurate personal exposure estimates and air pollution mapping.
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APPENDICES
Appendix A
Assessment of FLE in Manila and Rome datasets

Here, the details of the BC(ATN) approach performed to assess the FLE for the Manila and

Rome datasets are presented. For the other two approaches, the information is provided in the

Methods section of the main manuscript. They require the same data preparation as below.

For the BC(ATN), the 1-s raw data from the AE51 was compiled and given IDs pertaining to

each mobile measurement period (1 completion of the route = 1 “run”). As ATN should start at 0
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when the new filter is inserted at the start of each run, we deducted the initial value for each run

(ATN at t=0, ATNO) from the ATN values during the measurements: the corrected ATN

(ATNCcorr) was calculated as the difference between the ATN measured at the next point in time

(ATNt=1) and ATNO. ATN does not start at 0 when the filter is inserted due to ununiform

illumination of the sample and reference spots in the filter photometers. Then, the BC mass

concentrations were binned according to ATNcorr with intervals of 1 ATN. The BC mass

concentration (with mean and median concentration per bin) was then plotted as a function of the

ATNcorr. To detect the loading effect, a linear fit of both the mean and median values of the BC

mass concentrations was performed over whole ATN range. Another experiment was to fit the

mean and median values over only a specific ATN range. Drinovec et al. (2015) did not include

the lowest and largest ATN values in the fitting due to low frequency of BC measurements at

those values. In this study, we fitted the BC(ATN) plots only for BC values below the 95th

percentile of the ATN. If the fit featured a negative slope, and BC is decreasing with increasing

ATN, we interpreted this as the presence of the loading effect, that is the dependence of BC on

ATN rather than just on the change of ATN in time. Normally, the loading parameter to correct

the AE51 raw concentrations can be derived from the slope and intercept of the regression line.

Investigation of the filter-loading effect on AE51 data from Manila and Rome campaigns
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In this section, the loading effect on the AE51 measurements from the Manila and Rome

campaign was investigated following three approaches presented in the manuscript. The

prerequisites for applying the filter loading effect correction using a loading parameter derived

from a single period of analysis are having sufficient measurement data points and homogenous

sources of particles.

For the BC(ATN) approach, again, the whole datasets (not just the data points during the

intercomparison (IC) period) were used for a complete loading effect assessment. The results are

shown in Figure Al. The blue and red dots represent the median and mean eBC mass

concentration per ATN bin, respectively, while the error bars represent the standard deviation. To

detect if there is a loading effect, a linear fit was performed over the whole ATN range and the

ratio of the slope and the intercept represents the loading parameter k. If the slope of the fit is

negative and its absolute value is greater than 0, then there is a loading effect.

However, Fig. Al shows a positive slope which could be a statistical artifact (Drinovec et al.,

2015). Hence, to determine an appropriate range of ATN for fitting, the frequency distribution of

the number of measurements per ATN bin was plotted and are shown in Figure A2. From here,

the ATN range for fitting was adjusted to include only everything below the 95th percentile of

the ATN as the frequency of the measurement decreases towards higher ATN.
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The BC(ATN) was plotted again, this time fitting within the range of ATN reflecting 0-95th

percentile of the data (Figure A3). For the Taft and Rome routes, the slopes are still positive.

Refitting with ATN range down to < 85th percentile still resulted to positive slopes (not shown).

For the Katipunan route, fitting the median values for an ATN range covering up to 95th and up

to 85th percentile of the data gave negative slopes which could indicate a loading effect.

However, from these plots, it can be observed that the dependency of BC on ATN seem to be

affected by the route itself.

This indicates that there are clearly different sources throughout the route, which means probably

different aerosol compositions. According to Drinovec et al., 2015, when the frequency

distribution is not unimodal, this is indicative of different periods or in this case “area types”

which could mean different source compositions and should be analyzed separately. However, as

can be observed from Fig. A2, the number of measurements per ATN bin are not enough to

derive loading parameters that are dependent on specific parts of the route.

The results of the deviation (ATN) approach are shown in Fig. A4. Figures on the left panel are

AE51/Ref ratios vs AE51_ATN and on the right panels are AE51-Ref vs. AE51_ATN. The plots

for the Katipunan dataset show inconclusive results with negative slope for the ratio vs ATN and

positive for the difference vs ATN. The Taft dataset, on the other hand, show negative slopes for

both, indicating a possible FLE. However, it must be noted that the number of datapoints used for
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this analysis is quite low (222 for Katipunan, and 383 for Taft) with the I1C periods of less than 5

minutes each. This is evident in the figures with ratios much greater than 1 and large differences.

As mentioned in the manuscript, the IC periods occurred in the middle of a run, hence, this

analysis do not cover a uniform dataset over the whole ATN range. Deriving a loading parameter

from this analysis would also be misleading as we do not expect that the loading parameter in one

point in space would be representative of the rest of the route in inhomogeneous atmospheres.

The loading parameter depends on the whole collected sample on the spot.

As a last attempt, a fixed k value of 0.005 was used to correct the Manila and Rome datasets (as

was done for the Loski Potok AE51 data). This value represents the loading effect of a diesel

exhaust dominated atmosphere as well as from fresh ambient wood burning (Drinovec et al.,

2017). The corrected eBC was then plotted against the uncorrected eBC and is show in Fig. Ab5.

This shows that the correction did not change the eBC measurements substantially (6%, 8%, and

3% overall differences between corrected and uncorrected measurements for the Katipunan, Taft,

and Rome routes, respectively). As a result, no filter-loading effect correction was applied on the

Manila and Rome datasets. As for the Manila dataset, the discrepancy between the mobile AE51

and the reference instrument is due to the high variabilities of different factors (wind, sources,

etc.) characteristic of an urban area.
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Table 1. Ambient conditions during each mobile measurement campaign. Mean meteorological
parameters are given with standard deviation in parenthesis.

Campaign conditions Meteorological conditions
Study area Description Alﬂgide Period Sources TI[°C] RH[%] P [hPa]
. Highly
Manila . : 29.9 66.0 1012.2
e urbanized, 5 Summer  Traffic
Philippines megacity (2.8) (12.2) (2.6)
Highly touristic . . 11.3 1016
b

Rome, Italy and urbanized 21 Winter  Traffic (3.4) 75 (14) (780)
Loski Potok, Rural 715 - Winter Wood 0.7 89.2 924.4
Slovenia® 815 burning  (4.1) (7.5) (11.03)

a MACE-2015; Alas et al., 2018
b CARE-2017: Costabile et al., 2017, Alas et al., 2019

¢ LP-2017; Glojek, Gregori¢, Ogrin, 2018; meteorological information during the campaign
obtained from a station at 775 masl
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707  Table 2. Intercomparison parameters for each campaign

Instruments Intercomparison parameters
Study area and Mobile Reference Location Time? Duration
routes (min)
Manila, Philippines
. MAAP Urban street

Katipunan Route AE51 MAAP Urban background nn & pm <5

Taft Route AE51 MAAP  Urban street canyon nn & pm <5
Rome, Italy

. am, nn, &

Rome city route AE51(2x) MAAP Urban background om 30
Loski Potok,
Slovenia

Village route AE51(2x) AE33 Rural village am, nn, & 20

MAZ200 (2x) AE33 Rural background pm 10
708  ?“am” — morning; “nn” — noon to afternoon; “pm” — evening

709
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710  Table 3. Channels (wavelengths) used to compare MA200 (5 wavelengths) measurements with
711  AE33 (7 wavelengths) with the loading parameter values derived for each wavelength of the
712  MAZ200 denoted as k_MA200.

MAZ200 (hm) AE33 (hm) Kk MA200

uv 375 370 0.03

Blue 470 470 0.024
Green 528 520 0.0215
Red 625 660 0.0156
IR 880 880 0.015

713
714
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Table Al. Descriptive summary of the instruments used in this study.

Instrument Platform | Operating principle Light source | Time
wavelength resolution
AE51 Mobile Attenuation of light by 880 nm 10s
particle loaded filter
MA200 Mobile Attenuation of light by 375nm, 470 nm, | 10 s
particle loaded filter 528 nm, 625
nm, 880 nm
MAAP Fixed Absorption of light by 637 nm 60 s
particle loaded filter.
Multiangle absorption
photometers allows for the
use of the radiative transfer
scheme to remove scattering
effects
AE33 Fixed Attenuation of light by | 370,470,520, |60s
particle loaded filter 590, 660, 880
and 950 nm
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Table A2. Summary of the IC periods for each route.

IC locations #of IC Total IC period in # of filter changes
periods minutes

Manila campaign

Katipunan Route

(urban street) 32 222 77

(urban background) 73 128

Taft Route 86 383 34

Rome campaign

Rome city route 41 1116 77

Loski Potok campaign

Village_route 102 2287

(rural village) 107 1166 107

(rural background)
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Table B1. Regression results for all AE51 correlations

Instrument Study Area IC Location FLE Time of IC | Duration of IC | R? Slope Time | N (no.of IC
Correction base | points)
S5 vs S6 Rome No 0.821 | 0.952 + 0.003 10s 38909
Loski Potok No 0.972 | 1.003+ 0.001 10s 27521
S5 vs Reference Manila 0.367 | 0.879+0.031 60s 1420
Rome 0.985 | 1.017+0.005 60s 772
Loski Potok 0.985 | 0.808 + 0.003 60s 1390
S6 vs Reference Manila NA NA 60s NA
Rome 0.982 | 1.013+0.004 60s 1157
Loski Potok 0.973 | 0.841 + 0.003 60s 3006
AES51 vs Reference | Loski Potok Rural background 0.962 | 0.876 + 0.005 60s 2888
Rural village 0.978 | 0.826 + 0.002 60s 1508
Rome Urban background 0.983 | 1.015+0.003 60s 1929
Manila Urban background 0.845 | 0.871+0.013 60s 815
Urban street 0.545 1.55 % 0.095 60s 222
Urban street canyon 0.318 | 0.746 + 0.056 60s 383
S5 vs Reference Loski Potok Rural background No 0.965 | 0.876 + 0.008 60s 475
Yes 0.962 | 0.916 + 0.008 60s 475
Rural village No 0.986 | 0.806 + 0.003 60s 915
Yes 0.99 0.951 + 0.003 60s 915
S6 vs Reference Rural background No 0.96 0.876 £ 0.006 60s 1033
Yes 0.959 | 0.934 + 0.006 60s 1033
Rural village No 0.973 | 0.840 + 0.003 60s 1973
Yes 60s 1973
0.979 | 0.962 + 0.003
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Table B1 continued.

Instrument Study Area IC Location FLE Time of IC | Duration of IC | R? Slope Time N (no. of IC
Correction base points)
AE51 vs Reference | Manila Urban background No NN 0.726 | 0.905 0.031 60s 325
Urban street No 0.409 | 1.518+0.179 60s 105
Urban street canyon No 0.389 | 0.841+0.078 60s 184
Urban background No PM 0.888 | 0.862 + 0.014 60s 490
Urban street No 0.709 | 1.573+0.093 60s 117
Urban street canyon No 0.249 | 0.647 £ 0.081 60s 199
Rome Urban background No AM 0.988 | 1.022 + 0.005 60s 718
No NN 0.939 | 0.941 + 0.009 60s 747
No PM 0.975 | 1.006 + 0.009 60s 464
Loski Potok | Rural background yes AM 0.939 |0.917+0.010 60s 607
Rural Village yes 0.978 | 0.926 + 0.004 60s 1202
Rural background yes NN 0.978 | 0.894 + 0.007 60s 353
Rural Village yes 0.972 | 0.917 £ 0.006 60s 692
Rural background yes PM 0.954 | 0.975+0.009 60s 549
Rural Village yes 0.989 | 0.976 + 0.004 60s 994
S5 vs Reference No < 5 minutes 0.845 |0.871+0.013 60s 815
yes 10 minutes 0.962 | 0.916 + 0.008 60s 475
yes 20 minutes 0.991 | 0.951 + 0.003 60s 915
No 30 minutes 0.985 | 1.017 +0.005 60s 772
S6 vs Reference No < 5 minutes NA NA NA NA
yes 10 minutes 0.959 | 0.934 + 0.006 60s 1033
yes 20 minutes 0.979 | 0.962 + 0.003 60s 1973
No 30 minutes 0.982 1.013 + 0.004 60s 1157

Table B2. Regression results for all MA200 correlations.
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Instrument IC Location FLE Correction Wavelength R? Slope Time base N(no. of IC
points)
MA200 75 vs 69 uv 0.876 1.083 £ 0.002 10s
Blue 0.574 1.121 + 0.004 10s
Green 0.917 1.059 + 0.002 10s 27474
Red 0.929 1.051 + 0.002 10s
IR 0.935 1.034 + 0.002 10s
MA200_75 vs AE51_S5 IR 0.917 0.965 + 0.002 10s 30236
MA200 69 vs AE51_S6 IR 0.911 1.019 £ 0.001 10s 63495
MAZ200_69 vs Reference Rural background no uv 0.887 0.681 + 0.008 60s
Blue 0.827 0.794 + 0.012 60s
Green 0.931 0.830 + 0.008 60s
Red 0.943 0.981 + 0.008 60s
IR 0.952 1.026 + 0.008 60s 930
Rural background yes uv 0.900 0.995 + 0.001 60s
Blue 0.829 0.978 £ 0.015 60s
Green 0.938 0.976 + 0.008 60s
Red 0.946 1.084 + 0.009 60s
IR 0.952 1.097 + 0.008 60s
Rural village no uv 0.798 0.369 + 0.005 60s
Blue 0.670 0.480 + 0.008 60s
Green 0.893 0.580 + 0.005 60s
Red 0.922 0.747 £+ 0.005 60s
IR 0.954 0.837 £ 0.005 60s 1825
Rural village yes uv 0.935 0.854 + 0.008 60s
Blue 0.810 0.842 + 0.010 60s
Green 0.964 0.894 + 0.005 60s
Red 0.967 0.999 + 0.005 60s
IR 0.975 1.017 + 0.004 60s

Table B2 continued.
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Instrument IC Location FLE Correction Wavelength R? Slope Time base N(no. of IC)

MA200_75 vs Reference Rural background no uv 0.947 0.742 £ 0.008 60s
Blue 0.957 0.814 £ 0.008 60s
Green 0.961 0.881 £ 0.008 60s
Red 0.963 1.014 + 0.010 60s

IR 0.965 1.013 + 0.009 60s 445
Rural background yes uv 0.941 1.087 + 0.013 60s
Blue 0.957 1.022 + 0.010 60s
Green 0.962 1.044 £ 0.010 60s
Red 0.964 1.117 + 0.010 60s
IR 0.964 1.076 + 0.010 60s
Rural village no uv 0.828 0.289 + 0.005 60s
Blue 0.876 0.401 £ 0.005 60s
Green 0.899 0.471 + 0.006 60s
Red 0.925 0.625 + 0.006 60s

IR 0.957 0.743 £ 0.006 60s 843
Rural village yes uv 0.936 0.782 + 0.007 60s
Blue 0.956 0.821 £ 0.006 60s
Green 0.963 0.851 + 0.006 60s
Red 0.968 0.924 + 0.006 60s
IR 0.978 0.971 £ 0.006 60s
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Figure Captions

Fig. 1. Intercomparison for eBC mass concentrations (10-second median) measured by the AE51

S6 and AE51 S5 during the collocated MM in (a) Rome, Italy and (b) Loski Potok, Slovenia.

Data were taken from two backpacks with identical instrumentation running simultaneously, side

by side for each run, throughout the campaign. RMA regression was used to fit the two

measurements. For IC details, see Tables 2, Al, A2, B1, and B2.

Fig. 2. Intercomparison between the AE51 units against the reference eBC mass concentration

measurements at three different study areas: (a) Manila, Philippines, (b) Rome, Italy, and (c)

Loski Potok, Slovenia. The time resolution is 1 minute and OLS method forced through the

origin was used for fitting. Data were taken from IC done during the mobile measurement runs

when the runners were passing by the vicinity of the aerosol container and the backpacks were

placed near it. For this, IC periods in all sites were combined into their respective cities. For IC

details, see Tables 2, Al, A2, B1, and B2.

Fig. 3. Intercomparison between the AE51 units against the reference eBC mass concentration

measurements as a function of location of IC ((I) rural background, (1) rural village, (111) urban

background, (V) urban street and (V) urban street canyon) per study area ((a) Manila, (b) Rome,

and (c) Loski Potok). This is basically the same as in Fig. 2, but now also segregated into

different IC locations. For IC details, see Tables 2, A1, A2, B1, and B2.
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Fig. 4. Intercomparison of eBC measurements of AES51 against AE33 at the Loski Potok

campaign before (red: uncorrected) and after (blue: corrected) filter-loading effect correction.

Data were taken from IC done during the mobile measurement runs when the runners were

passing by the vicinity of the aerosol container and the backpacks were placed near it. For IC

details, see Tables 2, Al, A2, B1, and B2.

Fig. 5. Intercomparison between AE51 and reference instrument as a function of IC location

(colors) and time of IC: (I) morning, (1) afternoon, and (111) evening. The columns correspond to

study area: (a) Manila, (b) Rome, (c¢) Loski Potok. For IC details, see Tables 2, Al, A2, B1, and

B2.

Fig. 6. Intercomparison between AE51 and reference instrument as a function of duration of IC:

(@) <5 minutes, (b) 10 minutes, (c) 20 minutes, and (d) 30 minutes. The colors correspond to the

models of AE51. For IC details, see Tables 2, Al, A2, B1, and B2.

Fig. 7. Intercomparison between the measurements (10-second median, uncorrected) from the

MAZ200_75 and MA200_69 for all wavelengths (a-e) during the collocated MM in Loski Potok,

Slovenia. RMA regression was used for fitting. For IC details, see Tables 2, A1, A2, B1, and B2.

Fig. 8. Intercomparison between the eBC mass concentrations (10-second median; uncorrected)

measured by the MA200 units (at 880 nm; uncorrected) against the AE51 units during the
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collocated MM in Loski Potok, Slovenia. RMA regression was used for fitting. For 1C details,

see Tables 2, Al, A2, B1, and B2.

Fig. 9. Intercomparison of the measurements from the each MA200 ((1) and (11) for MAG9, (111)

and (I1V) for MAT5, for each IC location (rural village and rural background). The red and blue

dots represent uncorrected and corrected measurements. For IC details, see Tables 2, Al, A2, B1,

and B2.

Fig. ALl. Binned raw measurements from the AE51 plotted against the attenuation (ATN) for a)

Katipunan Route, b) Taft route, and ¢) Rome city route. Data were taken from the raw AE51

measurements (1-s resolution) from all the runs performed in each location (see Table A2),

wherein a new filter was used for each run. The duration of a run is 1 hour for the Katipunan and

Taft Route, and 2.5 hours for the Rome route. The blue and red dots represent the median and

mean eBC mass concentration per bin, respectively, with the error bars as standard deviation.

The solid lines are the linear fit for each statistic. The whole ATN range was used for linear

fitting.

Fig. A2. Frequency distributions of the measurements per ATN bin for the a) Katipunan Route, b)

Taft route, and c) Rome city route.

Fig. A3. Same as Fig. Al but this time the fit was only done on the data below the 95th

percentile.
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Fig. A4. Scatter plots of the deviation between the AE51 and reference instruments expressed in

ratios (left panels) and differences (right panels) for (a and b) the Katipunan (n = 222), (c and d)

Taft (n = 383), and (e and f) Rome (n = 1116) datasets.

Fig. A5. Correlation between the uncorrected and corrected (k = 0.005) eBC mass concentrations

for the AE51 measurements along the a) Katipunan route, b) Taft route, and ¢c) Rome route. The

color of the dots represents the ATN. The red dashed line represents the 1:1 line, while the solid

blue line represents the linear fit.
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