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ABSTRACT

The economic growth of a country and its transport infrastructure are positively related.
However, emissions from the transport sector have considerable negative impacts. These
adverse effects are expected to be more to the population living/ working near the roads.
Literature further reveals that vehicular emissions are higher at the locations where short-term
episodes of acceleration, idling, deceleration etc. occur frequently. As a result, places like traffic
signals or toll plazas have higher chances of poorer air quality. Compared to a traffic signal,
the number of stop and go cycles occur far more at a toll plaza. Therefore, further poorer air

quality can be expected at a toll plaza.

Though the air pollution risk to the toll plaza staff has been highlighted by the earlier studies,
an understanding on the factors affecting pollutant concentration at toll plaza is found to be
missing in the literature. This study has been therefore carried out to investigate the relationship
between ambient particulate matter (PM) levels near toll plazas with critical factors like traffic
flow and meteorological parameters. Ambient concentrations of PMio, PM2 5, and PM; near
four toll plazas located in north India were monitored using environmental dust monitors
(GRIMM EDM 107) during September- December 2020. Meteorological data was collected
from the closest Central pollution control board (CPCB) monitoring stations and data on traffic

flow was obtained from the National Highways Authority of India (NHAI).

Results showed that ambient PM concentration near toll plazas were higher than Indian
NAAQS at almost all sampling sites. Investigation of temporal variation of PM levels during
24 hours period revealed two peaks in PMio concentration whereas single peak was noticed for
PM; 5 and PM. The relationship between PM levels at toll plaza and meteorological parameters
which included relative humidity (RH), barometric pressure (BP), solar radiation (SR), wind
speed (WS) and PM concentration at nearest CPCB fixed monitoring station was also assessed
by performing multivariate regression analysis. The validity of the developed model was
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evaluated by determining Normalised Root Mean Square Error (NRMSE). Multicollinearity
test between the independent variables was done by calculating the Variance Inflation Factor
(VIF) and tolerance. Results revealed that traffic flow, wind speed and RH are most critical
factors influencing near surface PM levels. Traffic flow and RH showed positive relation with
PM levels whereas opposite relationship with wind speed was observed. This implies that the
desired PM levels near the highway and toll plazas can be achieved by managing the traffic
flow on the road. Such information can be helpful in determining a threshold level of traffic

volume on roads to keep the pollutant concentrations under permissible limits.

Further, simultaneous PM measurements at toll plaza and a nearby highway location at four
sampling sites disclosed that except for staggered toll plaza geometry, PM levels were
comparatively lower at toll plaza than nearby highway location. On an average, PMio was
around 36% lower whereas PM 5, and PM; were 12% and 10%, respectively lower at toll plaza
than the corresponding highway location for a normal geometry toll plaza. Similar outcome
was also obtained when air dispersion modelling was performed using AERMOD. Although,
literature indicates that toll plaza staff is exposed to high PM concentrations, this study revealed

that the population living near high-speed road corridors are at higher risk than toll plaza staff.

The effect of toll plaza’s geometry, namely, normal, staggered or hybrid on ambient PM levels
has also been examined by adopting the vehicle specific power (VSP) based approach. VSP
was found to be lower near toll plaza than corresponding highway location for normal and
hybrid geometry. However, the same is higher near toll plaza in case of staggered geometry.
This might be the reason for higher PM levels near staggered toll plaza vis-a-vis corresponding

highway location.

It is evident that due to adoption of stringent exhaust emissions standards and consequent

reduction in tailpipe/ exhaust emissions, the proportion of non-exhaust emissions such as



resuspension of road dust, wear and tear of brakes, tires and road has increased considerably.
The proportion of exhaust/ non-exhaust vehicular emissions was analysed near toll plaza by
examining the PM ratios. Results indicated that the contribution of exhaust emissions vis-a-vis
other sources is higher at toll plaza compared to normal highway location demonstrating that
frequent stop and go cycles might be increasing the exhaust emissions. Further, compared to
the cities in China and Europe, lower value of PMa2s/ PMio was obtained in this study. This
may be due to poor pavement condition/ dusty roads in India. The concerned authority needs

to consider this aspect in future planning.

Another critical factor which directly affects the driving pattern at a toll plaza and thereby the
emissions, is the toll collection system. Manual toll collection (MTC) or cash collection is an
old and conventional system. However, nowadays more advanced systems like Electronic Toll
Collection (ETC) or Open Road Tolling (ORT) are adopted to provide seamless movement of
traffic. This direct benefit of adoption of such advanced technologies on human health has also
been highlighted in the past. It has been concluded that the incidence of prematurity and low
birth weight were reduced by 10.8% and 11.8%, respectively due to adoption of ORT system.
Several other studies have also confirmed considerable reduction in emissions due to

implementation of ETC and ORT system.

In most of such studies, vehicle emission models like MOBILE 5b, MOBILE 6.2, CMEM, IVE
etc. were used. The emission factors (EFs) used in these models are often obtained through
dynamometer testing by deploying standard driving cycles. However, it has been reported that
the standard driving cycles are not capable of representing the typical variabilities encountered

in real-world driving and these variabilities have a strong bearing on the vehicular emissions.

An alternative approach which can record such variabilities in emissions in a better way is real

world driving emissions method, where emissions measurement using onboard monitoring
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instruments on the test vehicles is performed while actual driving. Few researchers have
adopted this approach in their similar studies. However, certain limitations like use of single
vehicle, study of only gaseous pollutants, no queue in ETC lanes etc. make their results less
useful specially for Indian conditions as in India, many a time there is a queue of vehicles in
ETC lanes also. Further in India, vehicles need to almost stop in ETC lane even when there is

no queue of waiting vehicle ahead.

Accordingly, in this part of the study, investigation has been carried out to quantify the
advantages in terms of reduced emissions and time, that can be realized by transitioning from
a cash to ETC/ ORT system in Indian setting. Real world driving emissions approach was
adopted and keeping in view the significance of particulate emissions in India, particle number
(PN) in exhaust was studied. PN concentrations in vehicular exhaust were measured in real-
time using Nanoparticle emission tester (TSI NPET 3795 HC). Vehicular dynamics were
measured using a global positioning system (GPS) device and engine speed was monitored
using the RPM sensor. Instruments were set to record data at a frequency of 1 Hz and were
given power externally using an inverter-battery set kept inside the vehicle. A total of six
vehicles belonging to Bharat Stage (BS) III, BS IV and BS VI standards were tested.
Experiments were conducted during September- November, 2021 by driving them as per
representative driving pattern. In order to avoid impact of any other external factor, the tests
were conducted using same driver on western peripheral expressway (WPE) as it was relatively

less congested.

Observations demonstrated that, unlike diesel vehicles, emissions generated during the waiting
phase in gasoline vehicles were relatively minor when compared to acceleration and
deceleration phases. As a result, for queues of equivalent length, the benefits of ETC were not
pronounced for gasoline vehicles. Simulations were also carried out using a traffic simulation
model VISSIM under three separate regimes - a 100% cash-based system, ETC, and ORT.
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Results revealed that the emissions generated by the ETC, and cash-based systems were,
respectively, 2 and 4 times greater than those generated by the ORT. Likewise, the cumulative
weekly time-delay experienced under the cash system was 2.5 times greater than that
experienced under the ETC. Furthermore, the comparison of efficiency of cash and ETC system
is carried out by assessing the time-headway between transactions of both toll collection
systems. The same was found to be around 21 seconds for cash and 13 seconds for ETC system
in India. These results provide ample justification for the Indian government to contemplate a

shift to ORT.

Keywords: Toll Plaza pollution; ETC impacts; Real world driving emission; Instantaneous

Particle number; VISSIM; AERMOD:; Toll Plaza geometry; Vehicular specific power
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