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H I G H L I G H T S

• Local air quality deteriorated after com-
pletion of a road widening scheme in
south London.

• The EU PM10 limit value (LV) was
breached during construction.

• NO2 LV was breached after scheme due
to increased cars, taxis and LGVs.

• Increase of pro-oxidant components in
the PM coarse mode after the road wid-
ening.

• Mean PM10 emission factor for the con-
struction phase was 0.0022 kg m−2

month−1.
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Road widening schemes in urban areas are often proposed as a solution to traffic congestion and as a means of
stimulating economic growth. There is however clear evidence that new or expanded roads rapidly fill with ei-
ther displaced or induced traffic, offsetting any short-term gains in eased traffic flows. What has not been ad-
dressed in any great detail is the impact of such schemes on air quality, with modelled impact predictions
seldom validated bymeasurements after the expansion of road capacity. In this studywemade use of a roadwid-
ening project in London to investigate the impact on ambient air quality (particulate matter, NOX, NO2) during
and after the completion of the road works.
PM10 increased during the construction period up to 15 μg m−3 during working hours compared to concen-
trations before the road works. A box modelling approach was used to determine a median emission factor
of 0.0022 kg PM10 m−2 month−1, three times larger than that used in the UK emission inventory
(0.0007 kg PM10 m−2 month−1). Peaks of activity released 0.0130 kg PM10 m−2 month−1, three and
eight times smaller than the peak values used in the European and US inventories. After the completion
of the widening there was an increase in all pollutants from the road during rush hour: 2–4 μg m−3 for
PM10; 1 μg m−3 for PM2.5; 40 and 8 μg m−3 for NOX and NO2, respectively. NO2 EU Limit Value was breached
after the road development illustrating a notable deterioration in residential air quality. Additionally, PM10,
but not PM2.5, glutathione dependent oxidative potential increased after the road was widened consistent
with an increase in pro-oxidant components in the coarse particle mode, related to vehicle abrasion
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processes. These increased air pollution indices were associated with an increase in the number of cars,
taxis and LGVs.

© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

A large number of studies have shown excess health risks from living
in close proximity to roads; however their attribution to single air pol-
lutant is less clear. The adverse health effects from road proximity
might be due to tailpipe emissions of airborne particles, particles from
non-exhaust sources such as tyre and brake wear or gaseous pollutants
including NO2 (WHO, World Health Organization, 2013).

New or widened roads are often proposed to relieve congestion or to
support economic growth, however there is a little appraisal of road
schemes once they are built (Matson et al., 2006). It has been shown
through case studies in the UK and the Netherlands that the benefits
from reduced congestion and shorter journey times are often short
lived as new road network capacity is taken up by induced traffic growth
(Matson et al., 2006). Few studies have considered the air quality im-
pacts of new road construction and its subsequent operation. The avail-
able studies are limited to the construction of urban road tunnels
(Bartonova et al., 1999; Cowie et al., 2012) and are thus not directly ap-
plicable tomost urban road schemes; and a scheme in Antwerp designed
to reduce road capacity rather than increase it (Stranger et al., 2008).

There is ample evidence that construction activities are an important
source of particulate matter (PM) into the atmosphere and can have a
substantial temporary impact on air quality. Construction activities rep-
resented 3.8% of total particulate emissions from open sources in the US
in 1976 (Evans and Cooper, 1980). Dust and other air pollution from de-
molition and construction can impact greatly on the health and quality
of life of people working on and living close nearby with some studies
reporting an increment of mortality due to chronic obstructive pulmo-
nary disease among construction workers (Bergdahl et al., 2004). Emis-
sions of PM during the construction of a building or road are associated
with land clearing, ground excavation, cut and fill operations and the
construction of a particular facility itself. PM emissions from construc-
tion are largely in the coarse fraction but they are also a source of air-
borne ultrafine particles (Kumar et al., 2012). Dust emissions often
vary substantially from day to day depending on the level of activity,
the specific operations and the prevailing meteorological conditions
making it difficult to assess the total contribution of such emissions to
the air pollution levels of a city or region (Chang et al., 1999).

Fugitive emissions from construction are generally poorly quantified
in global and national emission estimates as most countries do not re-
port fugitive emissions from construction; and the emission factors
(EF) for construction activities are uncertain (Janssens-Maenhout
et al., 2012). The Environmental Protection Agency (EPA) in the
United States (US) and the Coordinated European Particulate Matter
Emission Inventory Program (CEPMEIP) in Europe provide EF for con-
struction activities to generate national primary PM emissions. These
EFs express the amount of PM10 emitted by area disturbed per month
of activity and therefore the quantity of PM produced is not dependent
on the type of construction butmerely on the area of land disturbed. The
EPA also lists operation-specific emission factors for use when detailed
information (material, silt content, vehicle weight, speed, etc.) is avail-
able (EPA, 1995; 2011).

According to the London Atmospheric Emissions Inventory (LAEI),
construction and demolition activities are estimated to account for
1.4% of the total PM10 emitted in London in 2010 (LAEI, 2013). Examina-
tion of PM10measurements across London suggested that fugitive emis-
sions from construction works were responsible for daily mean
concentrations above 50 μg m−3 at 25% of the monitoring sites for
each year during 1999–2001 (Fuller and Green, 2004). Construction

activities around King's Cross in Londonwere responsible for the excess
levels of PMcoarse (particulatematter in the size range 10 μm–2.5 μm) in
2003–2004 (Haynes and Savage, 2007).

This study aimed to quantify the impact on the pollution levels for
PM10, PM2.5, NOX and NO2 arising from extensive road works to re-
develop the A206, Thames Road, in south-east London, as a dual car-
riageway. The road improvements involved a 1.8 km section of the
A206 Thames Road and were designed to reduce delays on the route
and regenerate the area, the second-largest industrial area in London
(Bexley, 2002). The road is located close to the river Thames which is
reflected in the gravels and alluvium soil types in the area. It was esti-
mated that around 25,000 m3 of material would be brought in to con-
struct the road and around 18,000 m3 would be excavated.

The pre-scheme environmental impact assessment included both
traffic and dispersion modelling (EPA CAL3QHC) for the widened road.
It predicted an increase of the traffic flow of 19% in the morning peak
and 9% in the evening peakbut only “marginal” changes in local air qual-
ity. Under typical meteorological conditions changes in annual mean
concentrations were expected to be −0.2 to +0.1 μg m−3 for PM10

and −0.8 to +1.8 μg m−3 for NO2 depending on the location (Babtie-
Bexley, 2001). The air pollution impact of the construction phase was
not considered in the pre-scheme impact assessment.

The construction works lasted for one year and seven months, be-
tween January 2006 and August 2007. To quantify the increment of air
pollutant concentrations from the road widening scheme a unique
pairing of air quality monitoring sites was placed in each side of the
road in the centre of the construction area. A source apportionment
method was applied to distinguish PM10 emitted by road traffic from
that emitted by the construction activity and a dedicated fugitive con-
struction PM10 EF was calculated and compared with those commonly
used in emission inventories.

Air pollution for the time periods before and after the redevelop-
ment works was also analysed to assess any air pollution changes aris-
ing from the widened road.

2. Material and methods

2.1. Site location and instrumentation

The road works in the study area lasted for one year and seven
months, from January 2006 to August 2007. In order to evaluate the im-
pact on the air quality before, during and after thewideningworks, two
periods of one year and seven months before and after the road works
are also analysed. The period “before” was taken from May 2004 until
December 2005; the “after” period ran from September 2007 to April
2008.

Air quality monitoring station (AQMS) were located on the north
(51.4572°N, 0.1953°E) (AQMS-N) and south sides (51.4569°N,
0.1946°E) (AQMS-S) of the A206 Thames Road, in south-east London,
separated by a distance of 58 m. The layout of the road runs from
north-west to south-east. Two lateral access roads run from north-east
(NE) to south-west (SW) close to AQMS-N; and from W to E close to
AQMS-S. During the construction period the access road next to the
AQMS-Nwas unpaved. A mix of one and two storey industrial premises
was located east of AQMS-N and a two storey residential housing area
was located west of AQMS-S. The suburban background concentration
was taken from the measurements at Bexley — Slade Green
(51.466°N; 0.1848°E) (AQMS-back) located 1.2 km north-west of
AQMS-S and AQMS-N.
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