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Summary

Background to the study

AEA Technology and TNO were contracted by the European Commission (DG
Environment) to undertake an economic evaluation of possible air quality limits for
PAHs that are being considered under the Framework Directive on Ambient Air
Quality in January 2000.  This is the Final report on the study.

Concern over PAHs arises because they have been linked to lung and other cancers,
through epidemiological assessment of workers in the aluminium and some other
industries.  The assessment made here considers conditions in the EU15 and the first
group of Accession Countries (Cyprus, Czech Republic, Estonia, Hungary, Poland
and Slovenia).

The EC’s Working Group on PAHs and the Steering Group on Ambient Air Quality
requested consideration of five possible limit values: 0.01, 0.05, 0.5, 1.0 and 5.0
ng/m3 of benzo[a]pyrene (B[a]P), to be achieved by 2010.  The figure of 5 ng/m3 was
introduced because of concern over the ability of some industries to meet the other
limits suggested.

The Working Group concluded that it is appropriate for B[a]P to be used as a marker
for overall PAH concentration, based on analysis that suggests that it make a
consistent contribution (in the order of 40%) to the overall carcinogenicity of other
species.  Further analysis suggests that the role of B[a]P may be less important than
previously estimated (representing between 5 and 41% of overall carcinogenicity
amongst the group of PAH compounds for which data are available, depending on
alternative assumptions regarding the potency of individual species).  The role of the
dibenzopyrenes in particular, may be more significant than has generally been
considered.  However, the study team regard it still to be appropriate to focus on
B[a]P given limited data on other PAH compounds, and the dominance of particle-
bound PAHs in assessments of total carcinogenicity of PAH mixtures.  The only
source category where this seems likely to cause problems relates to wood
preservation, for which emissions of B[a]P are relatively low compared to emissions
of the lighter compounds such as fluoranthene.

Methods

The analysis proceeds through the following stages:
1. Development of emission inventories for the EU15 and first 6 Accession

Countries (together referred to as the EU21).
2. Estimation of the concentration of PAHs in the ambient air
3. Quantification of the costs of reducing PAH concentrations to the possible limit

values identified by the European Commission and its Working Group on PAHs
4. Review of the effects of PAHs
5. Quantification of the benefits of reducing PAH concentrations to the limit values

under investigation, in terms of impacts avoided and economic value
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6. Comparison of costs and benefits, taking account of the uncertainties that are
present.

A theme in work on PAHs is that a high level of uncertainty is present in many areas
– quantification of emissions, assessment of concentrations, impact assessment and so
on.  Here, the study team has taken the decision to quantify to the extent possible and
to report the level of uncertainty that is present.  Others have taken a different view.
Notable among these is the air quality assessment team working on the second Auto-
Oil Programme (AOP-II), for which analysis of PAHs, alongside PM2.5 and 1,3
butadiene was not attempted because of a lack of data on emissions and
concentrations that was considered to be of ‘sufficient quality’.  It is important that
this level of uncertainty is borne in mind when considering the results of this study.
There is a clear need for a more systematic collection of data on PAHs, though this
will, in part, be facilitated through the monitoring requirements of any new directive.

Emission sources

The following sources of PAHs have been considered in the study, with those
estimated to pose the most severe problems in the EU21 in 2010 identified in bold:
• Industry

Ø cokeries
Ø aluminium works (specifically plant using the Soderberg-process)
Ø wood preservation using carbolineum and creosote
Ø road building
Ø roofing

• Domestic combustion
Ø wood
Ø coal
Ø other fuels

• Traffic
Ø diesel vehicles
Ø gasoline vehicles
Ø other

The European emission inventory for 2010 is dominated by emissions from domestic
combustion of wood.  Total emissions from the industries traditionally associated with
PAHs (alumi nium works, cokeries and wood preservers), are forecast to be much
lower.  However, emissions from these sources are far more concentrated, and hence
can give rise locally to much higher concentrations, than the domestic or traffic
sources.  The higher total emission from domestic sources and from transport causes a
higher level of exposure across the population, even though peak concentrations are
significantly lower, by around an order of magnitude, than those in the immediate
vicinity of some industrial plant.

Background concentrations

Rural and urban background concentrations are estimated to be highest in central
Europe, at around 0.4 ng.m-3 and 1 ng.m-3 respectively.  These levels clearly far
exceed the lowest standards under investigation (0.01 and 0.05 ng.m-3).  The required
level of abatement against these standards in some background locations in 2010 is
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therefore estimated to be well in excess of 90%, although industrial plant will be
operating at BAT, EURO IV vehicle standards will be in the process of
implementation, and higher efficiency domestic solid-fuel heating devices will have
made a significant impact in the market in some countries.  The study team does not
consider that these lowest limit values are attainable on a reasonable time scale if at
all.  Attention has therefore focused on the higher suggested limit values ( ≥0.5 ng.m-

3).

Industrial sources

Problems associated with industrial and commercial activity are predicted to be much
reduced by 2010.  It is anticipated that the older style Soderberg process plant will
have been phased out in the European aluminium industry, most having been closed
or adapted to the use of pre-baked anodes in the 1990s.  Analysis of emissions and
effects of Soderberg plant has been carried out, however, to demonstrate the extent of
problems that would be present should any remain by 2010.  Changes in demand and
the type of feedstock used in other areas, such as wood preservation, roofing and
road-surfacing mean that they too are forecast to generate an insignificant level of
emissions.  The only exception by 2010 is likely to concern cokeries.

Even under best available techniques (BAT), B[a]P levels around a number of coking
plants would exceed 5 ng.m-3.  It seems unrealistic to assume that significant
reductions in emissions from these plant are possible beyond BAT, unless closure is
considered.  However, the effect of closure may well be to shift production out of the
EU21 to other parts of eastern Europe or to Asia, in other words, to parts of the world
that currently have a lower level of environmental regulation.  This is clearly against
the spirit of the air quality directives.

The extent to which emissions from any cokery will lead to exceedence of the
standards considered here, in locations where people who are not employed at the
plant spend a significant amount of time (and hence be relevant to an air quality
Directive), is not clear.  The uncertainty arises largely because (in the absence of
plant-specific analysis) we do not know the distance from each cokery to nearby
housing.  This distance may be considerable, with the two being separated by (for
example) other industrial buildings, railway sidings, storage facilities, etc.  The
analytical problem is compounded by the fact that concentrations around cokeries fall
away rapidly with distance.  For a plant producing 1 million tonnes of coke per year,
it is estimated that the concentration at the source would be in the region of 5 ng.m-3,
falling to around 1 ng.m-3 at a distance of 1 km1.  However, significantly higher
concentrations have been recorded at some plant.  To improve the analysis to assess
conditions at the worst affected site relevant under a directive would require a series
of much more detailed assessments around individual coking facilities.  This was
outside the scope of this study.

Despite the estimated high concentrations around cokeries, the affected population
close to cokeries is small, with the number of cancers estimated ranging from 0.03 to
2.3 cases per year, with a best estimate of 0.3 cases across all plant in the EU21.  It is

                                                
1 Concentrations roughly scale with production for larger and smaller plant.  Much higher average
concentrations have been reported around some cokeries.
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estimated that the effects on the population further from the plant will be greater than
those close to the plant: in other words, population exposed typically increases with
distance from a plant at a faster rate than the concentration decreases.  This increases
the best estimate of the annual cancer rate attributable to cokeries to 4.4/year.

Very large exceedences are also possible around Soderberg-process aluminium plant,
should any remain in the EU21 by 2010.  However, concentrations attributable to
these plant fall rapidly with distance, declining to about 1 ng.m-3 within 2 km of the
source.  Results suggest a similar level of effect to those estimated for cokeries – very
few people being exposed to the high concentrations.  Overall, a best estimate of only
1 cancer per year has been calculated as a result of PAH emissions from European
Soderberg plant in 2010.

Traffic

The situation with respect to the control of emissions from traffic is far more
complex.  Many measures are available for abatement of emissions, including:
• Technical measures (e.g. particle traps, catalysts, alternative fuels and drive-

trains),
• Economic measures imposed at the national level (e.g. fuel taxes, scrappage

subsidies), and
• Local ‘non-technical’ measures (e.g. encouraging public transport and cycle use,

improving traffic flows, road pricing).

However, many of the measures that could be introduced to reduce PAH levels will
follow from legislation on other pollutants, and measures to reduce congestion and
noise in towns and cities.  Definition of baseline concentrations in 2010 is clearly
problematic given uncertainty over the extent to which these measures will be
implemented.  Attainment of a 1 ng.m-3 limit value in areas subject to traffic hot-spots
would reduce the number of cancers by an estimated 10/year for the EU21, going to
0.5 ng.m-3 would reduce the number of cancers by 21/year.  The limited extent of the
problem linked to traffic means that it is unlikely that additional measures specifically
directed to PAH abatement from traffic could in general be justified on cost-benefit
grounds.  The situation may well be different were the analysis widened to include the
numerous other impacts related to traffic, such as emissions of other pollutants (PM10,
VOCs, NOx, etc.), noise, congestion and accidents.  Widening of the analysis in this
way has not been done as we do not regard it appropriate to justify limit values for
one pollutant in terms of other environmental impacts.  There may, after all, be more
cost-effective options for controlling these other burdens than the measures that are
most appropriate to PAH control.  The need to control traffic emissions to meet either
a 1.0 or 0.5 ng.m-3 limit could be significantly reduced by action on domestic
emissions, given the contribution of these sources to background levels.

Domestic sources

Solid fuel consumption in the home is forecast to cause 86% of the lung cancers
attributable to PAHs in 2010 (352 cases out of a total of 408).  Although a number of
options have been identified for abatement there is a lack of cost-effectiveness data.
These options include, but are not restricted to:
• Fuel switching,
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• Use of optimised stoves,
• Information campaigns to disseminate best practice in using solid fuel appliances

and fireplaces, and
• Prohibition of solid fuel use in problem areas.

Comparison of the benefits of reducing emissions to meet a limit of 1 ng.m-3 with the
costs of stove optimisation suggests that the two are broadly comparable.  Other
options, such as the use of alternative fuels need to be explored, though feasibility and
costs of, e.g., the provision of natural gas to areas currently not served by pipelines
are likely to be very site specific.  Not surprisingly there are many other factors
relevant to this debate, including emission of other pollutants and potential effects on
the rural economy of restricting wood burning.
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Recommendations for further research

The most fundamental research needs relate to emission factors from domestic and
traffic sources.  The problems here are clear from the general absence of agreement
seen in national inventories.  The following recommendations for research are made:

Industrial facilities:
1. Individual plant studies to identify the extent and type of situations where

exceedences of any proposed limit value may be expected.
2. Clarification of the potential for new cokeries to meet limit values.

Domestic combustion:
1. Refinement of emission factors to take proper account of the type of wood or coal

burned, condition of wood, type of fireplace/stove, effectiveness of existing
controls, and so on.

2. Measurement of PAHs in a variety of locations where domestic emissions may be
expected to be significant.

Traffic:
1. Emission factors need to be derived from a representative fleet of vehicles over

the driving cycles usually considered in Europe, and for which extrapolation to
estimate total emission from the sector is now done routinely.

2. Measurements of PAHs need to be made at roadside locations to demonstrate the
reliability of the data presented here.

3. National and local studies on the costs of meeting air quality standards for other
pollutants across Europe need to be collated.  These should identify the extent of
exceedences in individual cities, the variation in the extent to which different
options are expected to lead to reduction in exceedences, and costs.

Analysis of impacts:
1. Refinement of risk factors for individual PAHs.
2. Further investigation of risk factors for effects other than lung cancer, particularly

bladder cancer.

Final remarks

Despite a high level of uncertainty in input parameters, this study has traced through
the pathway of emission, to concentration, impact and abatement for PAHs.  Together
with the report of the Working Group this work provides a much better basis for
discussion of the problems of exposure to PAHs in the ambient air than has existed
previously.  Results indicate that, from a cost-benefit perspective, actions to reduce
PAH emissions should focus on domestic burning of wood and coal.  Action on
specific industries and traffic appears less important, and may in any case be
addressed through other legislation, such as IPPC and other daughter Directives on air
quality.


