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Summary

The air quality in the Netherlands, especially near roads, has improved since the 1990 s and
concentrations of NO2 are expected to continue to decrease. At the same time, EU Directives
on air quality with defined limit values for 2005 and 2010, still ask for a considerable extra
effort of authorities. The responsibility to start initiatives for air quality measures is placed at
different authority layers. In this article, a general description is given on air quality
problems near Dutch highways, with emphasis on the role of the Directorate General of
Public Works and Water Management and specifically for the pollutant NO. on Dutch
highways.

In contradiction to issues related to noise problems, where in recent years a lot of experience
is acquired on possible measures, the search for effective air quality measures near
highwayas still continues. In the coming years, a further decrease of traffic emissions is
expected due to strong improvement of motor technology (EURO 4 and 5 limits). On a local
level on highways, few measures with the explicit goal to improve air quality have so far been
tested. Decrease of speed limits and the effect of noise barriers on air quality are the main
tested measures.

The Dutch government has started an Innovation Programme Air Quality (IPL). This
program will use pilot experiments in order to search for and finetune combinations of cost
effective measures to help improve air quality near highways. At the same time, international
cooperation in the search for measures near highwayas is stimulated within Western Europe,
in the form of the CEDR air quality platform. The article concludes with some examples of
possible directions for new air quality measures, which can be further investigated, tested and
finetuned in the IPL programme.



Introduction

The local air quality within Europe near roads has in the last decade improved drastically for
many types of pollutants (NOXx, NHz, Os, PM1o, SO2 and many others) [1]. Due to stricter
European legislation, abatement measures are still needed, specifically for Nox/ NO2 and
PMyo.

The European legislation consists of two different approaches: An emission ceiling directive
with targets for maximum national emission levels into the air, as well as a directive on
maximum values of concentration levels in ambient air. In this article, specifically the efforts
to meet the European Directive on limit values of the concentrations in ambient air are
adressed, with the emphasis on NOz limit values near highways. The article is written from
the viewpoint of the organisation, which is responsible for the maintenance of 3000 km of
highways in The Netherlands, the Directorate General of Public Works and Water
Management.

Legal context
In 1999, a European air quality directive on on air quality was sanctioned; the so-called

Framework Directive [2]. This overcoupling directive contains the context, definitions and
assessment procedures for following, ‘Daughter directives’ [3,4,5], where specific limit
values for pollutants are adressed. Three daughter directives have been formulated up to 2004
with limit values for respectively NO., Nox, PB, SO2, PM1o, BaP, CO, Benzene, lead and Os.
A fourth daughter directive with limit values on Cadmium, Arseen, Nickel, Mercury is
expected in 2005. For many countries, the limit values on NO2 (in 2010) and PM1o (in 2005)
are the most difficult to meet.

The air quality Daughter Directives contain limit values, margins of tolerance and alert
thresholds. Limit values indicate the minimum level of outside air quality that must be
achieved at a certain time. The limit values apply outdoors everywhere in the Netherlands,
with the exception of commercial sites. The limit values for NO2, must be achieved in 2010; a
summary of the NO2 limit values is shown in the tables below. Margins of tolerance start to
be less stringent than the limit values, but become more stringent every year, until they reach
the level of the limit value. If the Margin of tolerance is exceeded, the local authorities must
make ‘action plans’ to bring the NO2 concentrations under the threshold level as soon as
possible. The margins of tolerance promote the gradual move towards the limit values from
the starting situation. In reality, the background concentrations of NO2 and particulates in the
Netherlands are being reduced every year, but not as quickly as the margins of tolerance for
NO2 and particulates. As the year 2010 approaches, more locations are hence expected to
exceed the Margin of tolerance. If alert thresholds are exceeded, even briefly, additional
health risks are expected. The population should then be informed of the air quality situation.
In urban areas Local authorities and provinces are responsible for meeting the limit values for
nitrogen dioxide in their areas, in cooperation with other involved governments [6].



Substance | Type of Average 2005 | 2006 | 2007 | 2008 | 2009 | 2010
standard
NO2 Margin of | annual 50 48 46 44 42 40
tolerance | average in
pug/m3
NO2 Margin of | hourly 250 | 240 |230 |220 |210 |200
tolerance | average in
pug/m3
Table 1: Margins of tolerance from the Air Quality directive.
Substance Type of Average Value | Tobe | Exceeding
standard met in | value
NO2 Limit value | annual average | 40 2010 | Not allowed
in pg/m3
NO2 Limit value | hourly average | 200 2010 18* per year
in ug/m3 allowed

Tabel 2: Limit values and Margins of Tolerance for NO2 according to the European first
Daughter Directive on ambient Air Quality.

In contradiction to the pollutant PMyo, (or particulate matter), NO2 is much more a local air
pollution problem. Nitrogen oxides (NOx) consist of a mixture of nitrogen dioxide (NO2) and
nitrogen monoxide (NO), that are transformed into each other in reaction with other
substances. The components are mainly emitted by traffic, industry (mainly electricity power
stations) and households (heating). Especially shortterm human exposure to high levels of
nitrogen dioxide is not healthy; health effects are mostly related to the respiration system.
Acute inhalation of NO2 can lead to tissue damage in respiration ways, to a decrease of
respitory functions, to an increase of respiratory complaints and increased reaction to
allergens. Epidemiological studies show a positive correlation between weekly NO2-exposure
and infection of airways of children. Longterm exposure of laboratory animals to NO2 shows
irreversible changes in the structure and function of the lungs, decrease of the immune system
functions and lung emfysema.

It can be expected that the longterm exposure to NO2 and NO»-related (traffic related)
pollutants leads to health effects according to a more or less continuum of the exposure-effect
relationship. This means that effects increase at higher yearly mean levels of NO., but also
that effects occur below the yearly mean limit value of 40 pg/m?® for NO; [7].

Problem description
It is expected that the standards put in place by the Air Quality directive for nitrogen dioxide
will be exceeded in various locations in 2010, especially alongside highways and busy roads.

Figure 1: Part of the satellite ENVISAT image of Europe. Shown is the mean tropospheric
nitrogen dioxide (NO2) vertical column density (VCD) of Europe between January 2003 and
June 2004, as measured by the SCIAMACHY instrument on ESA's Envisat (red = high VCD,



yellow = lower VCD, light blue = lowest VCD). A quantitative clarification of the colors in
absolute concentration levels) is not possible, as the VCD denotes the total amount of NO-
between the ground and the troposphere. A part of this NO2 layer will be at higher
atmospheric heights [8].

Figure 1 shows the mean tropospheric nitrogen dioxide (NO>) vertical column density (VCD)
of Europe, as measured by the ENVISAT satellite. From these figures, it can be concluded
that high vertical column densities (VCD) of NO- are strongly correlated with cities and
other NOz sources. The dark red area over parts of the Netherlands and Belgium, denote the
highest VCD levels of the world. It is probable that these high VCD levels are caused by local
high industrial activity, high population densities and high mobility within the area.

Figure 2 is made at the Research Institute for Man and Environment, and shows that in the
large urban areas of the Netherlands, the background concentrations of NO can easily exceed
the 30 pg/m?3. Hence, close to a busy highway, NO2 concentrations in those areas can
currently easlily exceed limit values for 2010.



Figure 2: NO2 regional concentration in the Netherlands. On the left figure, trends of the
yearly averaged measurements in pug/m3 are shown (green= average street background level,
red = average city background level, black = average for the whole of the Netherlands). The
limit value level of 2010 is also shown by a dotted line. On the right figure, the spatial
variation in NO2 concentrations of the Netherlands for the year 2002 is presented. The figure
on the right is produced from a combination of measurements and models, with a spatial
resolution of 5*5 km [9].
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A more detailed overview of NO2 concentrations at highways for a part of the Netherlands is
given below with figure 3 and 4, with appreciation for the publishing permission of province
Zuid-Holland, The Netherlands [10].

As mentioned earlier, the exceedance near highways is caused by a combination of high
background concentrations and local traffic-related emissions. For instance, it has been
investigated for a specific highway in a very urban area of the Netherlands what the sources
are for measured NO; concentrations at a location 50 m from the motorway. Of the NO>
concentrations, 25% is emitted by sources outside of the region (wide-scale background),
25% by sources in the region (regional background) and 50% from local traffic sources such
as the motorway. At greater distances from the motorway, the influence of the motorway is of
course less.



Figure 3: Modelled NO2 concentrations along highways in the province Zuid-Holland for the
year 2000.

Figure 4: Modelled NO2 concentrations along highways in the province Zuid-Holland for
the year 2010 with the scenario ‘Reference Raming’. Pink and red colors denote
exceedance of the NO limit values in 2010.




The figures 3 and 4 show modelled NO2 concentrations for 2000 and 2010 near
highways. In 2000, near quite some highways in this area, limit values for NO2 were
exceeded. The forecasting of the situation in 2010 shows, that it is expected that near
some highways, limit values for NO2 will still be exceeded with current and planned
legislation and policy.

The search for local measures

A study of Metz et. Al [11], showed that it would cost the Dutch government billions of Euros
to meet the limit values in 2010 on highways. These costs would mainly consist of high walls
near highways and other screening constructions, tunnels and the removal of houses in the
vicinity of highways. Not many other measures to bring down traffic-related emissions are
known, let alone implemented. Only one relative succesful measure in the Netherlands has
been tested in field conditions:

In May 2002, the Netherlands authorities introduced a pilot on highway A13 directed to
maintain the maximum speed limit at 80 km/hr instead of 100 km/hr [12]. Research by the
Netherlands Research Organisation TNO showed, that traffic moving at a constant, moderate
speed emits less air pollutant compared to traffic with high speed fluctuations or driving 120
km/hr or more.

A ‘trajectory-control’ system was set up over a 3 km stretch of the A13 in Overschie. A
constant traffic flow was ensured by an automatic speed check when the limit of 80 km/hr
over the 3 km stretch was exceeded. Next, by assignment of the Netherlands Road Directorate
RWS, TNO in cooperation with the Environmental Protection Agency Rijnmond DCMR
performed research on the impact of the © 80 km/hr measure’ on the air quality in Overschie.
The measure proved reasonably succesful. The measure was estimated to reduce the traffic
emissions when compared to the same traffic intensity, with 15-25% for Nox and 25-35% for PM10.
Measurements of the NO2 and PM10 concentrations on locations at 50 m and 200 m east of the
highway A13 indicate that the air quality has improved downwind for NO2 with 5 pg/m3 (50 m) and 3
pg/m?® (200 m), and for PM10 with 4 ug/m® (50 m) and 1 pg/m® (200 m). These results illustrate that
the 80-km/hr measure has a positive impact on the air quality in Overschie.

The Innovation Programme Air Quality

As the above described set of measures near highways limited, penetrating and expensive set
of measures to meet the European ligislation, was considered socially and economically
unacceptable, the Innovation Programme Air quality (IPL) was developed by the ministry
of Transport, Public works and Water Management and the ministry of Housing, Spatial
Planning and Environment.

This was deemed necessary, as, in contradiction to the topic Noise, there are currently not
many known measures for roads, which decrease traffic related emissions. Hence, the
measures have to be developed. The goal of the IPL programme is to search for and finetune
cost-effective measures to decrease NO> concentrations near highways, in order to contribute
to the feasibility of meeting the European air quality daughter directive in the Netherlands.

The IPL has been allocated a budget of 20 million Euros, not included implementation costs
of the measures. The programme will search for innovative measures in many ways and will
also test and finetune these measures near highways in pilot projects. The programme should
after four years result in a set of possible measures, which can be practically implemented on
Dutch highways.



Two projects of the IPL will start in the near future; others will follow. The first project is the
technical improvement of noise walls in order to function optimally for dilution of air
pollution. This measure does not decrease emissions of NO2, but can be effective to decrease
local concentrations. The second project is the testing of the applicability of the substance
TiO2 (Titandioxide), which is shown to have catalytic capabilities of breaking down
atmospheric NO2 into NO3z™ under influence of ultraviolet sunlight. In Japan and Italy,
preliminary laboratorium experiments have already been executed on this process, with
positive results. If succesful and effective under field conditions, Titandioxide could possibly
be mixed with paint and applied onto noise walls near highways.

Highways and air quality problems affect many administrative organisations within a country.
For the location and implementation of pilots, the IPL group will consult interested
organisations in order to improve the quality of the pilot result and to increase the support of
society for the final result of the pilot. It would even be possible to test other air quality
measures within the IPL abroad. The IPL has started in 2003 and is planned to finish in 2008.
This would lead to enough time for the implementation of the acceptable measures.

As it is a waste of energy and money when different organisations and nations would be
developing the same measures, contact was made with national and international
organisations, in order to look for cooperation and coordination. Internationally, a platform
has been set up between the organisations responsible for the maintenance of highways within
Western Europe. This CEDR (Conference of European Directors of Roads) air quality group
works now together in a joint project to report all known, implemented or experimental air
quality measures near roads. This report is currently still under construction, but is expected
to be ready in April 2005 [14].

Non-complete examples of existing measures to reduce air pollution near highways are:
traffic management, reduction of the maximum speed limit, technical motor improvement, tax
incentives to change driving behavior, stimulation of public transport, noise barriers to
decrease local concentrations near the highway and many more.

Possible points of action for air quality measures

Basically, there are several possibilities to improve the local air quality near roads. They can
be described as a ‘source-effect chain’; from the source (behaviour and traffic emission), to
dispersion, to human exposure, (to effects for human health). In all these steps but the last
one, measures can be taken to decrease concentrations:

Decreasing traffic emissions technically

Decreasing other emissions sources

Changing driving behaviour

Tackling transfer of emission to surrounding

Protect at receiver’s end

arONE

These methods of approach can be used for generic measures and for local measures. Based
on this categorization, 15 directions for solutions can be described when traffifc air pollutants
need to be decreased near roads. Obviously, the categorisation is slightly arbitrarily [13].

The categories will be briefly described:
A Faster Cleaner



This category of measures can be characterised as discouriging traffic with
relatively high emissions per km and stimulating traffic with relatively low
emissions per km; stimulating the replacement of old trucks (Euro 0, Euro 1) by
newer, relatively less polluting trucks (Euro 3, Euro 4,). This can be done generic
(by for instance a fiscal measure) or locally. An example of the latter one is the
local prohibitation of vehicles, which do not meet Euro 3 specifications.

Volume Limitation

These measures influence the traffic intensities on certain locations or on larger
traffic networks. The point of departure is that the reduction of driven km
contributes to the decrease of traffic emissions. Examples of volume limitation are
the prohibition of certain vehicle categories on locations and road approach
limitation.

Effort on Technique

This category has a certain overlap with ‘Faster Cleaner’ but distinguishes mainly
by the more advanced techniques, which have not or hardly found their way  to
the consumer market. Examples are hybrid vehicles or vehicles with fuel cells.
Measures within this category are meant to stimulate the development and market
introduction of the techniques.

Other Traffic and Transport Sources

Next to traffic, other emissions also contribute to local high concentrations, by way
of the background concentration. Measures of this category are for instance aimed
at railway and ships. An example is the sharpening of emission demands for inland

shipping.

Other Emission Sources

Other sectors than traffic and transport, national or foreign, contribute to
concentratins next to a road, by way of the background concentration. Measures
within this category aim at decreasing these contributions.

Speed limit reduction and homogenisation of traffic flow

The emissions of a vehicle are partly determined by the speed and flow dynamics of
the traffic. Decreasing the dynamics (acceleration and braking) and stimulation of a
constant speed of roughly 80 km/hour can expectedly for many road types lead to a
decrease of emissions per km. A speed limit reduction is more effective with strict
enforcement.

Passive Shielding

Measures within this category influence the transfer of traffic emissions to the
surrounding of the road. Examples are noise walls and tunnels. Noise walls have a
diluting effect, roughly comparable to chimneys. Tunnels partly relocate traffic
emissions to the tunnel mouth.

Active dilution

Active dilution of concentrations is also related to the transfer of traffic emissions to
the surrounding. Active dilution could occur with removal by suction devises, blowing
devises or with innovative techniques, like catalytic roads or catalytic noise wall
surfaces.




Environmental Planning of buildings

Measures in this category do not influence concentrations near the road, but ait at the
decrease of exposure of people to high concentrations. Examples are the creation of
zones next to roads without residential allocations.

Relocation

Measures in this category consist of relocation of buildings and objects, which are
close to the road, to place further away. An example is the relocation of sensitive
objects like schools and hospitals to locations further of the road.

Medical Care

Measures in this category decrease the health risks of air pollution. They do not
influence the concentration levels or the amount of exposure. An example would be a
program to increase the general public health, in order to decrease the healt effects of
air pollution.

The categories are summarised in Table 1.3

Table 1.3: General categorisation of air quality solutions near roads

Point of action:

Generic measures

Hotspot specific measures

Source Traffic

Source Other

A: Faster cleaner

B: Volume limitation

C: Effort on technique

D: Other traffic (train, ship, etc.)
E: Other sources (agriculture,

households, abroad)

A: Faster cleaner
B: Volume limitation
C: Effort on technique

Driving F: Speed limit reduction and F: Speed limit reduction and
behaviour homogenision of flow of traffic homogenision of flow of traffic
Transfer — G: Passive shielding
H: Active dilution of concentrations
Receiver — I: Environmental planning of
buildings
J: Relocation (for example of
schools)

K: Medical care

Table 3: Overview of possible points of action for air quality measures in the source-
effect chain, specified for generic measures and hotspot specific measures.

Conclusions

The European Air quality Directives are strict and will expectedly be difficult to meet in quite
some countries for PM1o and NO.. Especially the Netherlands, with high population densities
and high mobility will find it difficult to meet the liimit values for NO2 in 2010.

In contrast to noise issues, for air quality there is not a whole range of measures available yet.
For highways, speed limit reduction is found to be one reasonably succesful measure, which
is tested under field conditions. Even so, The Dutch government still is looking hard for
realistic possibilities to extend the set of measures to bring down air quality concentrations.



The Innovation Programme on Air Quality is an intense and expectedly effective instrument
to contribute to solutions of air quality problems near highways.
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