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Abstract

People living in the NCT of Delhi are at constant risk of exposure to air pollutants like
PMs, qUFP, UFP, SOy, NOy, CO, CO, etc. and this exposure risk is further increased
during the commute. This research aims to study the impact of ventilation settings on the
in-cabin exposure to Fine particles during commute via car. The data for the study were
collected on the same route for two days, in the month of January, using a portable
Optical Particle Counter. During the study, it was observed that by simply changing the
car’s in-cabin ventilation settings from RC-off to RC-On, we can reduce our exposure to
qUFP, PMgs and PM; by 44%, 48% and 50%.respectively. The study also showed that

qUFP contributed most to the PNC of Fine Particulates inside the car.

Keywords: Particulate Matters, PM;, Fine Particulate, quasi-UFP, Commuter

exposure.

*Corresponding Author: Vasu Mishra: Email: Vasumishra_2k19ENE14@dtu.ac.in; Contact +91-
9899886570

Volume 23, Issue 10, October - 2021 Page-859



Journal of University of Shanghai for Science and Technology ISSN: 1007-6735
1. Introduction:

During commuting, exposure to the Particulate Matters (PMs) has become a
significant health concern for people living in urban areas. Many studies show that
even if we don’t spend a major duration of our day commuting, it still makes up for
the highest contribution to our daily exposure to air pollutants [1], [2]. A study by
Zhu found out that 1 hour of commuting can contribute up to 50% of a person’s daily

exposure to fine particles [3].

Today, the health risks associated with air pollutants (especially PMs) are well
known, PMs have been directly or indirectly attributed to causing almost 9 million
deaths per year worldwide [4] and almost 2.7% of global illnesses can be linked to
respirable PM [5], [6]. This problem is even more prominent in India, whose 22 cities
make it to the list of top-30 most polluted cities in the world [7], [8] while an
estimated number almost 1.67 million people (including 500,000 infants) lost their
life to PM [9], [10]

While most government organizations, the institution have focused primarily on the
PM3 and PM, s, recent studies have shown that the finer sub-fractions of PMs are of
greater concern due to their smaller size, which allows them to penetrate deeper into
respiratory tract and tissues as well as their greater surface area makes them more
reactive and toxic [4], [11]-[13].

These sub-fraction includes PM; (Dp <1um), PMys (Dp<0.5um), Quasi Ultrafine
particles (0.35um<Dp<0.01um) [14] and UltraFine Particles (Dp<0.01um) [15]. The
health risk posed by these fine particles, coupled with the elevated exposure risk
during commuting [16], makes it eminent to study the in-cabin commuter exposure in
urban traffic. This study aims to understand how vehicle ventilation settings impact

the in-cabin commuter exposure to PM;, PMgs and Quasi Ultra-fine particles (QUFP).

2. Methodology

The study was conducted in January on a 50km stretch in Delhi, India (the most
polluted capital in the world in terms of air pollution [7]). The study route was
selected to provide a realistic representation of the traffic scenario NCT of Delhi and
contain a variable traffic density. As shown in Fig-1 the route covered the North-
west-south-east Delhi as well as the NCR region of Ghaziabad, connecting the Delhi

Technological University (DTU) to Vaishali metro station via Hauz Khas.
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Figure 1 Selected route of the study (DTU- Vaishali via Hauz Khas)

The sampling was done using a study vehicle (a 2010 model, pearl white Maruti
Suzuki Swift Dezire, petrol variant) using a portable Optical Particle Counter
(GRIMM Technik, model 11-A portable aerosol spectrometer). The instrument was
kept on the front passenger seat of the vehicle; the sampling probe was set up at a

distance similar to the passenger breathing zone to measure the driver exposure.

The study vehicle was properly vacuum cleaned before the start of each trip. For the
data collection, OPC was set to the minimum reading interval value, which was 6
seconds, and the data was collected over 12 bins (<0.25um, 0.25-0.28,0.28-0.30um,
0.30-0.35 pm, 0.35-0.40 pum, 0.40-0.45 pum, 0.45-0.50 pm, 0.50-0.58 pum, 0.58-0.65
pm, 0.65-0.7 um, 0.7-0.8 um, 0.8-1.0 um).

The data was collected for 2 days (20" and 21* Jan 2021) during morning peak hours
9:30 am to 11:00 am [17] on weekdays, with different ventilation settings used on
each trip. The study vehicle and instrument were allowed to run for 15mins before a
trip to get the background concentration of the car. The sampling was done with
windows closed (as it is the most common setting in winters) while two different
ventilation settings used were “Day-1) fan-on, re-circulation (RC)-on, AC-off and
Day-2) fan-on, re-circulation (RC)-off, AC-off” [18]. [18](Leavey <i>et al.</i>,
2017)(Leavey <i>et al.</i>, 2017)(Leavey et al. 2017)(Leavey et al., 2017)(Leavey et
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al. 2017)(Leavey <i>et al.</i>, 2017)[18]The car was driven by the same driver to m
minimize the variation due to the driver behaviour; also efforts were made to keep the
speed of the car so that a constant wind flow can be maintained inside the car [19],
[20].

The data was collected in the form of Particle Number Concentration (number per
cm®) and stored in the form of an MS Excel spreadsheet. The data filtering/ sorting

and analysis was carried using data analysis tools of excel.

3. Result:

The study showed that ventilation settings have a significant impact on the in-
cabin PNC of fine particles. As it can be observed from figure 2, during the 1st
ventilation setting when outside air was allowed in (i.e RC-OFF), the higher
average PNC was found inside the cabin (QUFP- 8.2x10°#/cc, PMos- 10.1x10°
#/cc, PM;- 10.6x10° #/cc) while the 2nd ventilation setting (RC-ON) showed a
significant reduction in the in-cabin fine particulates (QUFP- 4.5x10°#/cc,
PMos- 5.2x10°#/cc, PM;- 5.3x10°#/cc). The similar trend was also observed
in terms of the peak PNC, with 1% ventilation setting showing a much higher
PNC (qQUFP- 1.2x10%/cc, PMgs- 1.47x10%/cc, PM;- 1.5x10%lcc) as
compare to 2" ventilation setting (QUFP- 5.8x10%#/cc, PMos- 6.8x10%%#/cc,
PM;- 7.1x10°#/cc). These results are in accord with the result found by [21]-
[23]
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a) Trip data, DAY-1 (RC-OFF, Fan-ON)

.....

b) Trip data- DAY-2 (Fan- ON, RC-ON)

:::::

PNC #/CC

-----

Figure 2 In-cabin PNC during the experiment trips

During the study, it was also observed that while the contribution of larger fine
particles (0.35um<Dp<1um) to the PNC was very small in both the ventilation cases,
during the 2" ventilation setting, the PNC of larger fine particles was reduced by 82%
and 67% for the particles having size range of 0.35um <Dp<0.5um and
0.5um<Dp<1pum, respectively. While the gUFP showed a reduction of 44% due to
RC-ON. The study also showed that, when outside air was allowed to flow in RC-Off
condition, a much sharper and steeper spike was observed in PNC, while during the
second ventilation setting (RC-On), when outside air was not allowed to flow
inwards, we saw a comparatively steadier graph. This difference in PNC may be
because, during ventilation setting-2, when outside airflow is restricted, the
penetration of larger size particles is restricted to a greater extent than smaller-sized

particles [22].

4. Conclusion:

Health risks associated with exposure to fine particulates are well known amongst

academia. These risks are further aggravated during commuting. Multiple studies
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have identified commuting as the most significant contributor to a person’s daily
exposure to air pollutants as one hour of commuting could contribute to almost 50%

of a person’s daily exposure to PMs

To better understand the in-cabin exposure, this study was conducted to study the
impact of ventilation settings on the PNC of fine particles. This study observed that
qUFP makes up most of the PNC of fine particulates found inside the cabin, making
almost 80% of the total PNC of PM; The study also shows that ventilation setting
plays a decisive role in the in-cabin concentration of fine particles. During the study,
it was observed that when outside air was allowed to flow in (RC-Off), the overall
PNC was much higher (QUFP- 8.2x10°#/cc, PMgs- 10.1x10° #/cc, PM;- 10.6x10°
#/cc), with qUFP making up 77% of total PNC, while by restricting the outside
airflow (RC-On), the overall PNC was reduced considerably (QUFP- 4.5x10°#/cc,
PMos- 5.2x10°#/cc, PM,- 5.3x10°#/cc) with qUFP making up 86% of total PNC. It
shows that by simply selecting the correct ventilation setting and limiting the inflow
of outside air, one can reduce their average exposure to Fine particulates during a
commute by almost 44% for qUFP, 48% for PMg s and 50% for PM;.
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