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Abstract: The study of ultrafine particles (those below 100 nm in diameter) is of great interest to the scientific
community and policy makers due to their likely impacts on human health and the environment. Understanding the
behaviour of ultrafine particles from their number concentrations and size distribution point of view in the ambient air
will help to expedite the development of regulatory controls. Vegetation barriers are used in many places to reduce
the pollution generated by the road traffic from reaching to the people living in urban areas, especially close to the
road, where the ultrafine particles are expected to be in high concentrations. Limited information currently exist that
could reveal detailed understanding about the effectiveness of near road vegetation barriers in removing
concentrations of ultrafine particles. A fast response differential mobility spectrometer (DMS50) is used for the
pseudo-simultaneous measurements of number and size distributions in the 5-560 nm size range. The measurements
were made at four different points along the side of a busy highway. These points were at the front, middle and back
of the vegetation barrier, and at a point without any vegetation; all these points were at the same height above the
road level. The data was collected at 10 Hz sampling rate, with T10-90% equal to 500 milliseconds, during a weekday
(7 August 2012) and a weekend (11 August 2012). Analysis of the data was performed to investigate the influence of
near road vegetative barriers on the number concentration and size distributions. Further analysis will be carried out
to develop understanding about the effect of wind direction on the efficiency of the vegetation barrier and an
indication about the dispersion of particles as they move away from source (vehicle tailpipe) through the vegetation
barriers to roadside footpath. Preliminary results based on the weekday data shows that the concentrations of particles
gradually decrease while passing through the vegetation barrier. No clear trend was found from the weekend data due
to winds being parallel to road and low traffic density. Detailed analysis of the data is currently underway.
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INTRODUCTION
The available research has demonstrated an association between the ultrafine particles and various
adverse effects on the human health (Bakand et al., 2012; Heal et al., 2012) and the environment (Stjern
et al., 2011). These negative impacts motivate the control of ultrafine particles as they have an influence
on our quality of life and contribute to notable mortalities as a consequence of their exposure in higher
quantities (Kumar et al., 2011, 2013). In many counties, vegetation barriers are used to reduce the
pollution generated by road traffic from reaching to the surrounding population. It has been suggested
that road design (Baldauf et al., 2008; Cahill, 2010) and road barriers (Finn et al., 2010; Heist et al., 2009)
have a positive effect on improving the air quality near roads. Emissions from vehicles are clearly
considered to be a dominant source of particle number concentrations (PNCs) in the nanosize range
(Kumar et al., 2010; Morawska et al., 2008). Therefore, the need to understand the influence of vegetative
barriers near the road is essential to mitigate the nanoparticulate pollution.
Effects of vegetative barriers on particle number distributions (PNDs) were recently tested near roadside
in North Carolina with a comparison between model and field results (Steffens et al., 2012). The study
revealed that PNCs for particles over 50 nm, displayed generally suitable compliance with the model
used. However, the model over predict the particles below 50 nm in diameter behind the vegetation
barrier. A further non-linear reduction in PNC was found to correspond with an increase in leaf area
density and this effect varies between different sizes. Pine and juniper branches were studied
experimentally and theoretically for the collection efficiency of ultrafine particles in another study (Lin et
al., 2012). This study found that the wind tunnel measurements obtained and the proposed analytical
model, even with the incorporation of several simplifications, showed correlation to within 20%.
Hwang et al. (2011) conducted an experiment to test the particle removal by different kinds of tree leaves
in a deposition chamber for particles in the size ranges below 1000 nm and 100 nm. The study

recommends that leaf surface roughness is an important parameter for fine particles removal along with
the shape of the tree leaves. A recent wind tunnel experiment was conducted in USA to study the ability
of branches of two evergreen species to remove ultrafine particles (Lin and Khlystov, 2011). The study
found that the smaller the particle size, the higher is the corresponding efficiency of removal. It is also
found that the removal efficiency fell with corresponding decreases in packing density and increases in air
velocity and it is independent of the branch orientation. The deposition of the smallest particles is
controlled by Brownian diffusion, while the interception and inertial impaction determine the deposition
of larger particles (Petroff et al., 2008).
Hagler et al. (2012) investigated the impact of structural and vegetative barrier at two near road sites in
North Carolina, USA, on ultrafine particle concentrations with different wind conditions. The study
reported that variable trends in PNCs were noted at different sites due to their removal from vegetative
barrier. In some cases worst results were reported behind the vegetative barrier, which allows trafficrelated air pollution access through the barriers in higher concentration to near-road areas. Wania et al.
(2012) modelled the street canyon vegetation to investigate the particle dispersion. The study showed an
increase in PNCs and a consequent loss of canyon ventilation was found to be due to the reduction in
wind speed from the presence of vegetation in the canyon. Ries and Eichhorn (2001) reported similar
findings, which are within the vegetated street canyon. For instance, a slight increase in pollutant
concentrations was found to be corresponding with a reduction in wind speed, this may be the reason to
avoid the dense vegetation in street canyon.
The main purpose of this study is to investigate the influence of near road vegetative barriers on the PNCs
and PNDs in the range of 5-560 nm and a fast response differential mobility spectrometer (DMS50) was
used to carry out the measurements. For better understanding, four different locations having the same
vertical height were selected. The two of these locations were at the both sides of the vegetation barrier,
the third one in middle of the barrier and the fourth one at a place without any vegetation. This was to
develop an understanding about the effect of wind direction on the efficiency of the vegetation barrier and
to see the dispersion of particles as they move away from source (vehicle tailpipe) through the vegetation
barriers to roadside footpaths.
DATA COLLECTION
Site description
The experiment site is a small section of the A3 highway connecting Guilford town to London and
Portsmouth, UK. The highway is comprised of six traffic lanes, with 3 lanes carrying the traffic in each
direction. The site is located at the west end of the University of Surrey behind the Guildford School of
Acting. The geographic coordinates of the experiment site is approximately +51° 14' 37.08"N, +0° 35'
47.00"W. During the measurements periods, metrological data was collected from the Wisely weather
station. The metrological conditions are summarised in Table 1.
Table 1: Metrological conditions from the Wisely weather station for the experimental period.
Date
Time
Mean wind speed
Wind direction Mean temperature
(m s-1)
(o)
(oC)
07/08/2012 16:23-18:33
2.57
230-250
16
11/08/2012 12:59-14:44
3.08
100-120
23.3

Mean relative
humidity (%)
84.5
44.6

Instrumentation and data acquisition
The experimental setup of this study is presented in Figure 1. DMS50 was used to measure PNCs and
PNDs for particles in the range of 5-560 nm at a 10 Hz sampling rate, with T10-90% equal to 500
milliseconds. This measurement provides near real-time continuous measurements. For the quality
assurance, the DMS50 was calibrated by the manufacturer on January 2012. The DMS50 was set to
average the 10 samples (i.e. 1 s sampling rate) to improve the signal-to-noise ratio for attaining a high
quality data and to reduce the data for proper handling. The DC powered solenoid switching system was
designed to collect data from various locations (4 locations in each cycle) at desired timing. To obtain a
representative data at each location, the measurements were taken simultaneously every one second at
each sampling point for a period of 20 seconds. Sampling locations were at front (L2) and back (L4) of

the barrier, middle of the barrier (L3) and without any vegetation in a section where road has vegetative
barriers before and after sampling position (L1). All the points have same vertical distance from the road
surface. All instruments mentioned in this paragraph were operated by three 12 V leisure batteries.

Figure 1: Schematic diagram of the sampling site showing the sampling points and experiment setups as described in
the text. Please note that the figure is not in scale.

A total of 163 measurements cycles consisting of 2308 valid measurements of PNCs and PNDs were
undertaken intermittently on 7 August 2012 (weekday) from 16:23-18:33 and on 11 August 2012
(weekend) from 12:59-14:44. The reasons behind selecting these intermittent timings are the experimental
limitations such as the lack of continuous power supply and the absence of secure place. The objective of
this article is to compare the relative measurements taken at different sampling points to analyse the
effects of vegetation on reduction in PNCs. Therefore, the particles lost in the sampling tubes are not
corrected in this analysis here.
RESULTS AND DISCUSSION
An initial analysis of the PNCs and PNDs measured data that is collected at near road location is
illustrated below. This collected data is part of a bigger experimental research programme, which is
currently under progress.
The closeness of the sampling instrument to the road and due to the traffic generated turbulence, the
particles were expected to reach to the inlet of the DMS50. On both sampling periods, the data for
locations L2, L3 and L4 shows that the total PNCs gradually decrease with increasing distance while
passing through the vegetation barrier. This could be attributed to the effect of dilution and/or deposition
of particles from the presence of vegetation barrier. As expected, the total PNCs at all locations were
found to be greater during the weekday measurements compared with those measured at the weekend
because of the high traffic density. For instance, on the weekday, the total uncorrected PNCs measured at
L2 were 1.70×105 cm-3 which were reduced by 14.1% at L3 and 3.6 % at L4. This clear PNCs reduction
in weekday was enhanced by the winds being perpendicular to road and high traffic density. In weekend,
the total PNCs at locations L3 and L4 were approximately two-fold lower than those measured at L2 as it
is closer to the road; no clear justification for this variation was found.

As seen in Figure 2a, PNDs remains consistent and its number concentration dropped with increasing
distance from the edge of the highway through the vegetation barrier when the wind was blowing across
the road. The PND on each sampling location displayed a clear tri-modal PNDs with modes at around <6,
10 and 75 nm. Similar peaks were exhibited at around 15 nm and 87 nm while measuring ambient
ultrafine particles in urban street canyon (Kumar et al., 2008). At L2, this highest mode occurred at
around 6 nm with PND of 2.2×105 cm-3. At all the sampling locations, these distinct modes occurred
approximately at the same diameter which may be explained by the short distance between the sampling
locations. Both modes at <6 nm and 10 nm are attributed to the formation of the new nuclei (fresh nuclei),
which were attributed to the particles formed by nucleation either from the unburned organic fraction
from the engine tailpipe and/or background gaseous precursors. In this situation, the nucleation of the
engine tailpipe materials is more likely to be the reason because of the measurement device was very
close to the road. Particles less than 10 nm were shown to be generated from both diesel and petrol
fuelled vehicles (Shi et al., 2001). Morawska et al. (2008) has addressed that particles in the size ranges of
20-60 nm and 20-130 nm were attributed to the emissions from petrol and diesel engines, respectively.
The mode at 75 nm is ascribed to particles formed directly in the combustion chamber (or shortly
thereafter) by the condensation of volatile material onto this pre-existing carbonaceous spheres, or
coagulation of smaller mode particles (Kumar et al., 2010; Schneider et al., 2005). Charron and Harrison
(2003) has linked the particles with diameter greater than 60 nm with the heavy-duty vehicles (diesel
vehicles). As presented in Figure 2b, weekend PNDs for L1 and L2 are reasonably close to each other and
most of the effect are from the sweeping of particles along the road because of the parallel wind to the
road and in this case the vegetation are not acting sufficiently. L3 and L4 are experiencing more similarity
in their PNDs than L1 and L2; this could be attributed to their locations being situated farther than L1 and
L2.

Figure 2: Particle size distribution at various sampling points on (a) 7 August 2012 (weekday) (b) 11 August 2012
(weekend).

SUMMARY AND CONCLUSIONS
Preliminary results shows that the total PNCs gradually decrease with increasing distance while passing
through the vegetation barrier, especially when the wind was blowing perpendicular to the road. The PND
on each sampling location displayed a clear tri-modal PNDs with modes at around <6, 10 and 75 nm.
These modes persisted at all locations without shifting to larger size. The differences in PNCs and PNDs
measured during the weekdays and weekend measurements can be adequately explained by the different
traffic density and weather conditions, especially the wind direction. Limited data is currently analysed to
come up with sensible conclusion regarding the effectiveness of near road vegetation barriers in removing
concentrations of ultrafine particles. Further measurements and detailed analysis of the data is currently
underway that may lead to variation in the values presented here.
ACKNOWLEDGEMENTS
Abdullah Al-Dabbous greatly acknowledges the funding support from the Kuwait Institute for Scientific
Research (KISR). The authors also thank the UK met office for providing us the metrological data.

REFERENCES
Bakand, S., Hayes, A., Dechsakulthorn, F., 2012. Nanoparticles: a review of particle toxicology following
inhalation exposure. Inhal. Toxicol. 24, 125-135.
Baldauf, R., Thoma, E., Khlystov, A., Isakov, V., Bowker, G., Long, T., Snow, R., 2008. Impacts of noise
barriers on near-road air quality. Atmos. Environ. 42, 7502-7507.
Cahill, T., 2010. How does vegetation affect pollutant removal?. The Role of Vegetation in Mitigating
Air Quality Impacts from Traffic Emissions Seminar. EPA Campus, RTP, NC.
Charron, A., Harrison, R.M., 2003. Primary particle formation from vehicle emissions during exhaust
dilution in the roadside atmosphere. Atmos. Environ. 37, 4109-4119.
Finn, D., Clawson, K.L., Carter, R.G., Rich, J.D., Eckman, R.M., Perry, S.G., Isakov, V., Heist, D.K.,
2010. Tracer studies to characterize the effects of roadside noise barriers on near-road pollutant
dispersion under varying atmospheric stability conditions. Atmos. Environ. 44, 204-214.
Hagler, G.S.W., Lin, M.-Y., Khlystov, A., Baldauf, R.W., Isakov, V., Faircloth, J., Jackson, L.E., 2012.
Field investigation of roadside vegetative and structural barrier impact on near-road ultrafine
particle concentrations under a variety of wind conditions. Sci. Total Environ. 419, 7-15.
Heal, M.R., Kumar, P., Harrison, R.M., 2012. Particles, air quality, policy and health. Chem. Soc. Rev.
41, 6606-6630.
Heist, D.K., Perry, S.G., Brixey, L.A., 2009. A wind tunnel study of the effect of roadway configurations
on the dispersion of traffic-related pollution. Atmos. Environ. 43, 5101-5111.
Hwang, H.-J., Yook, S.-J., Ahn, K.-H., 2011. Experimental investigation of submicron and ultrafine soot
particle removal by tree leaves. Atmos. Environ. 45, 6987-6994.
Kumar, P., Fennell, P., Britter, R., 2008. Effect of wind direction and speed on the dispersion of
nucleation and accumulation mode particles in an urban street canyon. Sci. Total Environ. 402,
82-94.
Kumar, P., Robins, A., Vardoulakis, S., Britter, R., 2010. A review of the characteristics of nanoparticles
in the urban atmosphere and the prospects for developing regulatory controls. Atmos. Environ.
44, 5035-5052.
Kumar, P., Gurjar, B.R., Nagpure, A.S., Harrison, R.M., 2011. Preliminary Estimates of Nanoparticle
Number Emissions from Road Vehicles in Megacity Delhi and Associated Health Impacts.
Environ. Sci. Technol. 45, 5514-5521.
Kumar, P., Pirjola, L., Ketzel, M., Harrison, R.M. 2013. Nanoparticle emissions from 11 non-vehicle
exhaust sources - a review. Atmos. Environ. 67, 252-277
Lin, M.-Y., Khlystov, A., 2011. Investigation of Ultrafine Particle Deposition to Vegetation Branches in a
Wind Tunnel. Aerosol Sci. Technol. 46, 465-472.
Lin, M., Katul, G.G., Khlystov, A., 2012. A branch scale analytical model for predicting the vegetation
collection efficiency of ultrafine particles. Atmos. Environ. 51, 293-302.
Morawska, L., Ristovski, Z., Jayaratne, E.R., Keogh, D.U., Ling, X., 2008. Ambient nano and ultrafine
particles from motor vehicle emissions: Characteristics, ambient processing and implications on
human exposure. Atmos. Environ. 42, 8113-8138.
Petroff, A., Mailliat, A., Amielh, M., Anselmet, F., 2008. Aerosol dry deposition on vegetative canopies.
Part II: A new modelling approach and applications. Atmos. Environ. 42, 3654-3683.
Ries, K., Eichhorn, J., 2001. Simulation of effects of vegetation on the dispersion of pollutants in street
canyons. Meteorol. Z. 10, 229-233.
Schneider, J., Hock, N., Weimer, S., Borrmann, S., Kirchner, U., Vogt, R., Scheer, V., 2005. Nucleation
Particles in Diesel Exhaust: Composition Inferred from In Situ Mass Spectrometric Analysis.
Environ. Sci. Technol. 39, 6153-6161.
Shi, J.P., Evans, D.E., Khan, A.A., Harrison, R.M., 2001. Sources and concentration of nanoparticles
(<10 nm diameter) in the urban atmosphere. Atmos. Environ. 35, 1193-1202.
Steffens, J.T., Wang, Y.J., Zhang, K.M., 2012. Exploration of effects of a vegetation barrier on particle
size distributions in a near-road environment. Atmos. Environ. 50, 120-128.
Stjern, C.W., Stohl, A., Kristjansson, J.E., 2011. Have aerosols affected trends in visibility and
precipitation in Europe? J. Geophys. Res. 116, D02212-D02212.
Wania, A., Bruse, M., Blond, N., Weber, C., 2012. Analysing the influence of different street vegetation
on traffic-induced particle dispersion using microscale simulations. J. Environ. Manage. 94, 91101.

