Mapping the spatial variability of black carbon and fine particle concentrations in
Londrina, Brazil, using bicycles as mobile sampling platforms
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Fine airborne particulate matter (PM2.5) –
including black carbon (BC)– are associated with
cardiovascular and neurological diseases (Janssen et al.,
2011; Wilker et al., 2015). Data from a single or a few
air pollution monitoring stations are generally used for
air quality and health assessment studies. However,
because PM2.5 concentrations have a large spatial
variability, data from fixed sites may not represent the
concentrations in specific urban microenvironments, due
to the city geometry, road traffic density, driving mode,
proximity to bus lanes and traffic lights.
Methods
We measured PM2.5 and BC in Londrina, a
543,000-inhabitant city in southern Brazil, using three
bicycles as sampling platforms. We surveyed three
different routes in the city centre and each bicycle was
equipped with a microaethalometer (AE-51, Aethlabs,
USA) and a photometer (DustTrak 8520, TSI, USA),
operating with flow rates of 150 ml min-1 and 1.7 l min-1,
respectively, and sampling rate of 10 s. A high accuracy
GPS (GlobalSat DG-100, Taiwan) logged geographic
position and speed every 1 s. The traffic characteristics
were analysed with aid of voice records of the cyclists.
We collected data simultaneously on each route for
about 1 hour during the morning and evening rush hours
in March and April 2015.
Air pollution in the surveyed area is mostly due to
on-road traffic and the period investigated is not subject
to long-range transport of biomass burning. The vehicle
fleet in Londrina consists of approximately 355,000
vehicles, with 52% gasoline vehicles, 33% flex engines
(that run on gasoline, alcohol or a blend of these fuels),
and 7% diesel (mostly heavy-duty vehicles).
Results
We observed a large variability in the BC and
PM2.5 concentrations, caused not only by traffic volume
and urban attributes, but also by sporadic high exhaust
emission. Figure 1 shows the spatial distribution of BC
and PM2.5 for all data collected in the mornings of
weekdays, and Fig. 2 shows the statistics summary. The
median BC and PM2.5 concentrations are 2.2 and 12.0 g
m-3, respectively, and the 95th percentiles are 18.8 and 43
g m-3. Large concentrations result from either sampling
in streets with high traffic density or close to heavy-duty
diesel vehicles. Points A and B in Figure 1 are examples
of high- and low-traffic density streets (2,166 and 376

veh h-1), where BC and PM2.5 mean concentrations
reached 5.4 and 17.1 g m-3 (A) and 1.6 and 11.9 g m-3
(B). Areas with low traffic density, such as point C (358
veh h-1), are subject to sporadic BC concentrations as
high as 547.7 g m-3 and PM2.5 607 g m-3. This event
was caused by an old diesel truck emitting black smoke
near the sampling inlets.

Figure 1. Spatial distribution of BC (left) and PM2.5 (right) in
the morning of 6 weekdays.

Figure 2. Boxplot of (a) BC and (b) PM2.5. The box is the
interquartile range, the solid line in the box is the median, and
the whiskers are the 5th and 95th percentiles. The circles
indicate extreme values.

The results revealed that PM2.5 concentrations in
Londrina are largest near areas with high heavy-duty
diesel traffic, within street canyons and on steep streets
due to the enhancement in emission factors induced by
increased vehicle thrust. These mobile platforms are a
versatile approach to collect air pollution data, adaptable
to survey cities of different sizes depending on the
number of bicycles and instrumental suite available.
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