
Executive Summary

Introduction
Council Directive 96/62/EC on ambient air quality assessment and management
provides the framework for the development of subsequent Daughter Directives on
specific air pollutants. Directive 96/62/EC is concerned with the setting of “limit
values” based on levels of concentrations of a pollutant in ambient air during a
defined period of time. The Commission plans to come forward with proposals for
limit values for certain heavy metals and the findings of this study are to assist in the
development of these proposals.
The principal objective of this study was to identify and estimate the costs and
benefits of meeting potential air quality limit values for the following heavy metals:
• arsenic;
• cadmium; and
• nickel.
In addition, mercury is also considered although, as potential limit values or risk
factors were not available for mercury during the timescale of this study, only a less
extensive analysis has been possible for this metal.
The areas of interest to this study have included the 15 EU Member States and six
Accession Countries.
The Working Group on arsenic, cadmium and nickel compounds has proposed a
number of potential air quality limit values to be considered in this study as shown in
Table 1. It is assumed that the limit values would apply in 2010 and that the values
relate to annually averaged concentrations.

Table 1 – Ambient Concentrations to Consider in the Cost Benefit Analysis

Pollutant Concentration (ng/m 3)

Arsenic 1

4

5

13

20

Cadmium 0.5

5

15

Nickel 3

10

30

50

Emission source groups of interest
The assessment of costs and benefits associated with potential air quality limit values
has considered all significant emission source groups for the metals of interest.
Establishing exactly which sectors to evaluate has involved investigations of relevant
emissions inventories; reviews of ambient air quality information and judgements



based on process knowledge. This has identified the sectors as listed below. The
analysis of each sector is presented separately in the main report.
Iron and Steel Processes

• Integrated iron and steel works

• Electric arc steelmaking (including stainless steel production)

Non Ferrous Metals Processes

• Copper production

• Nickel and nickel alloy production

• Zinc production

• Lead production

Combustion Processes

• Public power (coal)

• Public power (fuel oil)

• Other combustion plant

• Road transport

• Shipping

Other Processes

• Petroleum refineries

• Cement production

• Waste incineration

• Chlor-alkali production

• Glass production

In addition, whilst concentrations in the vicinity of industrial areas are the primary
concern for the metals of interest, certain urban locations also have elevated
concentrations. Therefore, we have performed a check to ensure that the above
mentioned sectors will ensure adequate coverage of emission source groups relevant
to both industrial and urban areas.
Methodology
For each of the sectors of interest we have followed a systematic sequence of discrete
steps leading to the estimation of the costs and benefits of meeting the potential
ambient air quality standards. In brief, our approach for each sector has been as
follows:
1. Investigation of theprofile of the sectorin terms of numbers of processes; types of

processes; size / capacity of processes; geographical distribution etc;
2. Investigation intoemission sourcesincluding relevant process details, emission

factors etc;
3. Analysis ofcurrent air quality data. A wide range of information sources have

been consulted to endeavour to gather the best available recent ambient air quality
data;



4. Review of applicableemission reduction techniques.This considers the abatement
efficiency of techniques as well as details on capital and operating costs;

5. Assessment offuture air quality under the 2010 business as usual (BAU) scenario
i.e. taking into account agreed policies that will affect emissions in the future;

6. Comparison of future air quality against the potential limit valuesto identify areas
of exceedance and sectors responsible;

7. Investigation intopackages of additional emission reduction techniquesthat
enable compliance with each of the limit values;

8. Identification of theleast cost packageincluding a detailedcost assessment; and
9. Benefit analysisconsidering both human health and environmental benefits.
For each of the sectors of interest this report presents the findings of the above
methodology under the following headings:
• Profile of sector;
• Emission sources;
• Current air quality data;
• Emission reduction techniques;
• Future air quality under the business as usual scenario; and
• Costs and benefits of complying with potential limit values.
Business as usual trends in emissions
Overall, emissions of arsenic, cadmium, mercury and nickel across the EU have been
declining in recent years with the implementation of improved environmental
controls. Furthermore, there are several adopted or proposed policies at an EU and
international level that are expected to secure significant further reductions in heavy
metals from certain sectors. These are taken into account as far as possible in
estimating business as usual (BAU) air concentrations of these metals for 2010.
The IPPC Directive is expected to have an important impact on emissions of heavy
metals from iron & steel, non ferrous metals, combustion process, petroleum, cement
and glass sectors. The application of Best Available Techniques (BAT) will require
the installation of the most effective economically viable techniques to reduce metal
emissions, taking into account the technical characteristics of the installation
concerned, its geographical location and the local environmental conditions. This will
lead to greater convergence of emissions performance within each sector across the
EU-15 by 2007 and across the Accession Countries by 2010 (on the working
assumption of a 3 year transition period).
Under the proposed revisions to the Large Combustion Plant Directive (LCPD),
existing large combustion plants will be required to comply with the emission limit
values for new plant in the current LCPD (88/609/EEC) by 1/1/2008, or implement a
national emission reduction plan to achieve equivalent reductions within the same
timescale. Existing waste incineration and co-incineration processes are assumed to
comply with the provisions of the proposed Waste Incineration Directive by 2005 for
the EU-15 and 2008 for the Accession Countries (again assuming a 3 year transition
period).
Other policies of relevance to the BAU scenario include the UNECE Heavy Metals
Protocol, the UNECE Multi Pollutant Protocol, the proposed National Emission
Ceilings Directive, the Kyoto Protocol and the Air Quality Daughter Directive (in
particular limit values for lead and PM10).
Estimated costs of complying with the potential limit values
Based on our extensive investigations, we have developed summary tables (Tables 2,
3 and 4) indicating the estimated incremental annual costs to each sector of complying
with the potential limit values. The baseline for the assessment is the predicted BAU



performance in 2010, ie taking into account any improvements in emissions under the
IPPC Directive, the proposed Waste Incineration Directive etc.
Costs are presented in year 2000 prices, with historic cost data updated using a 3%
inflation rate. Capital costs have been annualised assuming Discount Rates (DR) of 2,
4 and 6% and an economic life of the equipment of 15 years has been assumed.
For the cost estimates, operating companies are faced with various options to enable
them to go beyond their BAU commitments and predicting the most viable future
compliance route has not been straightforward. For the key sectors incurring potential
compliance costs the compliance techniques have been assessed following detailed
investigation and the following used as the most appropriate:
• Iron & steel (Electric arc furnaces) - additional enclosure, extraction and

abatement for control of fugitive emissions and main process emissions or, for a
small proportion of plants where abatement improvements are not considered
possible, an increase in stack height (subject to acceptability);

• Copper - additional covered storage, extraction and abatement for control of
fugitive emissions and main process emissions;

• Nickel - additional techniques for control of fugitive and/or main process
emissions to be determined following operating companies’ feasibility studies;

• Zinc - additional techniques for control of fugitive and/or main process emissions
to be determined following operating companies’ feasibility studies; and

• Petroleum refining - desulphurisation of refinery fuel oil followed by on-site
combustion (the key alternative technique of switching to natural gas firing was
not selected due to potential limitations in gas supply across the area of interest
and the potential lack of future market for unused fuel oil).

The uncertainty associated with the choice of compliance technique, combined with
the diverse range of elements that constitute total installed capital costs and annual
operating costs, and the scaling up of estimates for representative sites to the sectors
as a whole introduces an overall uncertainty of the cost estimates of in the region of±
50%.
As can be seen in the Tables, based on current information the lowest limit values are
unlikely to be achievable for all sites in many or all of the metals sectors. This is
primarily due to historical deposition of particulates; fugitive emissions from
extensive material storage and handling activities; emissions from neighbouring
mineral workings and industrial sites etc. Furthermore, a small number of sites may
not be able to comply with the highest limit values. A key reason for this is due to
residential properties located in very close proximity to the site boundary. Ambient
metal concentrations can reduce by a significant factor from close to the site
boundary, say 100m away, to a point 1km away.



Table 2 Estimated Costs of Compliance with the Proposed Arsenic Limit Values (Note 1)

Sector Estimated total costs of compliance ( €m pa)

20ng/m 3 13ng/m 3 5ng/m 3 4ng/m 3 1ng/m 3

Iron and steel –
integrated works

0 0 0 0 Unlikely to be
achievable for all sites

Iron and steel – electric
arc (inc stainless steel)

0 0 0 0 Unlikely to be
achievable for all sites

Copper production Unlikely to be
achievable for at
least 1 of 9 sites

16 (@2%DR –
Discount Rate)

17 (@4%DR)

19(@6%DR)

Totals for up to 9
sites

Unlikely to be
achievable for all
sites

Unlikely to be
achievable for all
sites

Unlikely to be
achievable for all sites

Nickel and nickel alloy
production

0 Compliance
achieved from
investment into Ni
reductions

Compliance
achieved from
investment into Ni
reductions

Unlikely to be
achievable for all
sites

Unlikely to be
achievable for all sites

Zinc production 0 0 0 0 Unlikely to be
achievable for all sites

Lead production Unlikely to be
achievable for at
least 1 site

Insufficient data to
quantify costs

Unlikely to be
achievable for all
sites

Unlikely to be
achievable for all
sites

Unlikely to be
achievable for all sites

Power gen – coal 0 0 0 0 0

Power gen – oil 0 0 0 0 0

Small oil fired
combustion plant

0 0 0 0 0

Road transport 0 0 0 0 0

Shipping 0 0 0 0 0

Petroleum refining 0 0 0 0 Compliance achieved
from investment in Ni
reductions

Cement production 0 0 0 0 0

Incineration 0 0 0 0 Note 2

Glass production 0 0 0 0 0

Total for all sectors Unlikely to be
achievable for at
least 2 sites

16 (@2%DR)

17 (@4%DR)

19(@6%DR)

Plus costs for lead
sector.

Unlikely to be
achievable for all
copper and lead
sites.

Unlikely to be
achievable for all
copper, nickel
and lead sites.

Unlikely to be
achievable for all iron
and steel, copper,
nickel, zinc and lead
sites.

Notes

1. Figures are best estimates. Upper estimates are +50%; lower estimates are –50%.
2. Two surveyed sites would require improvements in ambient As to comply. However, the

contributors to the elevated As are considered to be nearby metals works and historic deposition.



Table 3 Estimated Costs of Compliance with the Proposed Cadmium Limit Values (Note 1)

Sector Estimated total costs of compliance ( €m pa)

15ng/m 3 5ng/m 3 0.5ng/m 3

Iron and steel –
integrated works

0 0 Unlikely to be achievable for all sites

Iron and steel – electric
arc (inc stainless steel)

0 0 (Note 2) Unlikely to be achievable for all sites

Copper production Unlikely to be achievable for at least
1 of 9 sites

Unlikely to be achievable for at least
2 of 9 sites. For others, compliance
due to investment into As reductions

Unlikely to be achievable for all sites

Nickel and nickel alloy
production

0 0 Compliance achieved from
investment into Ni reductions

Zinc production Some costs expected for up to 5 of
14 sites based on historic data

20 (@2%DR)

22 (@4%DR)

24 (@6%DR)

Totals for 5 sites. Historic data
suggests this might not be
achievable for some of the 14 sites

Unlikely to be achievable for all sites

Lead production Unlikely to be achievable for at least
1 site

Insufficient data to quantify costs Unlikely to be achievable for all sites

Power generation –
coal

0 0 0

Power generation – oil 0 0 0

Small oil fired
combustion plant

0 0 0

Road transport 0 0 0

Shipping 0 0 0

Petroleum refining 0 0 Compliance achieved from
investment in Ni reductions

Cement production 0 0 0

Incineration 0 0 Note 3

Glass production 0 0 0

Total for all sectors Some costs expected for zinc sites
and unlikely to be achievable for at
least 2 sites

20 (@2%DR)

22 (@4%DR)

24 (@6%DR)

Unlikely to be achievable for at least
2 sites plus costs for lead sites.

Unlikely to be achievable for all iron
and steel, copper, zinc and lead
sites.

Notes

1. Figures are best estimates. Upper estimates are +50%; lower estimates are –50%.
2. Assuming high concentration at one location in Germany is due to nearby zinc plant
3. At surveyed sites concentrations are above limit value but are expected to fall below limit value with

future decline in background concentrations, a decline in cadmium content of waste and
implementation of the Waste Incineration Directive.



Table 4 Estimated Costs of Compliance with the Proposed Nickel Limit Values (Note 1)

Sector Estimated total costs of compliance ( €m pa)

50ng/m 3 30ng/m 3 10ng/m 3 3ng/m 3

Iron and steel –
integrated works

0 0 0 Unlikely to be achievable for all sites

Iron and steel – electric
arc (inc stainless steel)

0 Compliance costs
for a small
proportion of sites

48 to 64 (@2%DR)

51 to 67 (@4%DR)

54 to 73 (@6%DR)

Totals for 34 sites. May not be
achievable for all sites (Note 2)

Unlikely to be achievable for all sites

Copper production 0 0 Unlikely to be achievable for all sites Unlikely to be achievable for all sites

Nickel and nickel alloy
production

0 0 5 (@2%DR)

6 (@4%DR)

6 (@6%DR)

Totals for 4 sites

Unlikely to be achievable for all sites

Zinc production 0 Insufficient data Insufficient data Insufficient data

Lead production 0 0 Insufficient data Unlikely to be achievable for all sites

Power gen – coal 0 0 0 0

Power gen – oil 0 0 0 0

Small oil fired
combustion plant

0 0 0 0

Road transport 0 0 0 0

Shipping (vicinity of
ports)

0 0 Compliance costs will exist but
insufficient data to quantify

Unlikely to be achievable for all sites

Petroleum refining 0 116 (@2%DR)

126 (@4%DR)

136 (@6%DR)

Totals for 11 sites

345 (@2%DR)

375 (@4%DR)

405 (@6%DR)

Totals for 48 sites

530 (@2%DR)

576 (@4%DR)

622 (@6%DR)

Totals for 68 sites

Cement production 0 0 0 0

Incineration 0 0 0 0

Glass production 0 0 0 0

Total for all sectors 0 116 (@2%DR)

126 (@4%DR)

136 (@6%DR)

398 to 414 (@2%DR)

432 to 448 (@4%DR)

465 to 484 (@6%DR)

Plus costs for shipping, zinc and
lead. Unlikely to be achievable for all
copper sites

530 (@2%DR)

576 (@4%DR)

622 (@6%DR)

Plus unlikely to be achievable for iron
and steel, copper, nickel, lead and
shipping

Notes

1. Due to assumptions for pet. refining, costs regarded as upper estimates. Lower estimates are –
50%.

2. For one site investigated, the compliance technique (significant stack height increase) may not be
acceptable to planning authorities.



Estimated benefits of complying with the potential limit values
The reductions in carcinogenic effects associated with arsenic, cadmium and nickel
are summarised in Tables 5, 6 and 7. They are based on unit risk factors of 1.5 * 10-3

(µg.m-3)-1 for arsenic, 1.8 * 10-3 (µg.m-3)-1 for cadmium and 1 * 10-4 (µg.m-3)-1 for
nickel, with an additional higher risk factor for nickel refineries of 3.8 * 10-4 (µg.m-3)-

1 to reflect the potential presence of the more carcinogenic species, nickel sub-
sulphide, at certain plants. For each of the metals being considered in this study,
cancer of the lung, brought about through inhalation, has been identified as the most
likely carcinogenic effect.
The valuation of these health benefits is based on the latest available, but currently
interim, figures from DG Environment for the value of preventing a statistical fatality
(VPF).
Non-carcinogenic effects of these metals due to oral and inhalation uptake have also
been considered. However, ambient concentrations in the vicinity of sites of interest
are in almost all cases considered to be below the critical thresholds for non-
carcinogenic health effects.
Despite adopting a systematic and rigorous approach, it must be stressed that a
number of factors contribute to the significant uncertainty attached to the quantified
benefits of reduced carcinogenic effects. These include:
• the difficulty in predicting the definitive quantity of metal emissions likely to be

reduced by measures targeted at fugitive emissions, and hence the difficulty in
accurately estimating the likely improvements in air quality;

• the uncertainty of ambient measurements and modelling predictions;
• the uncertainty associated with unit risk factors, population data and valuation

data; and
• the uncertainty associated with scaling up benefits from representative sites to the

sectors as a whole.
Based on our understanding of these factors an overall level of uncertainty of +/- one
order of magnitude is considered appropriate. Furthermore, the recommended
valuation figures have been developed for assessing effects on large population
groups - with health benefits of interest to this study primarily associated with areas
relatively local to the source the actual willingness to pay to reduce mortality risk may
be higher than the valuation figures considered.
In addition to the abovementioned benefits, other potential benefits to be gained by
implementing the limit values will include:
• reduced adverse health effects due to reductions in exposure to other metals;
• reduced mortality and morbidity effects due to reductions in exposure to PM10;
• reduced adverse impacts on ecosystems and crops; and
• reduced occupational exposure to carcinogenic metal pollutants (potentially

important where better control is achieved over fugitive emissions).
Therefore, on the basis of the above considerations, the quantified benefits presented
in the following tables may be significant underestimates of the total benefits.



Table 5 Estimated Valuation of Reduction in Carcinogenic Effects from Compliance with
Arsenic Limit Values (Note 1)

Sector Estimated Valuation of Carcinogenic Effects ( €m pa)

20ng/m 3 13ng/m 3 5ng/m 3 4ng/m 3 1ng/m 3

Total for all sectors No compliance
techniques specified

0.19 to 0.90 No compliance
techniques specified

No compliance
techniques specified

No compliance
techniques specified

Note

1. Figures are best estimates. Due to the significant uncertainties as discussed, the lower estimate is
minus one order of magnitude and the upper estimate is plus one order of magnitude.

Table 6 Estimated Valuation of Reduction in Carcinogenic Effects from Compliance with
Cadmium Limit Values (Note 1)

Sector Estimated Valuation of Carcinogenic Effects ( €m pa)

15ng/m 3 5ng/m 3 0.5ng/m 3

Total for all sectors No compliance techniques specified 0.07 to 0.31 No compliance techniques specified

Note

1. Figures are best estimates. Due to the significant uncertainties as discussed, the lower estimate is
minus one order of magnitude and the upper estimate is plus one order of magnitude.

Table 7 Estimated Valuation of Reduction in Carcinogenic Effects from Compliance with
Nickel Limit Values (Note 1)

Sector Estimated Valuation of Carcinogenic Effects ( €m pa)

50ng/m 3 30ng/m 3 10ng/m 3 3ng/m 3

Total for all sectors No compliance techniques
specified

0.08 to 0.37 0.15 to 1.09 0.23 to 1.10 (benefits due
to petroleum refineries
only)

Note

1. Figures are best estimates. Due to the significant uncertainties as discussed, the lower estimate is
minus one order of magnitude and the upper estimate is plus one order of magnitude.

Discussion
Whilst this assessment has endeavoured to identify and utilise the best available and
most recent air quality data for arsenic, cadmium and nickel across the EU and
Accession Countries, the quality of the overall pool of relevant data across the area of
interest varies considerably, with some important metal emitting industries (e.g.
petroleum refining and stainless steel production) having only relatively sparse data.
The current limited availability of relevant ambient air quality data for arsenic,
cadmium and nickel in the vicinity of industrial sites should be borne in mind in the
forthcoming stages of developing air quality policy for these pollutants.



However, it is clear that improvements in the body of data are taking place on a
continuous basis, for example the recent DETR heavy metals monitoring project for
30 industrial sites in the UK, therefore it is considered important that any new
information made available within the policy development timescale is taken into
account.
Information on air quality measurements and abatement techniques for mercury has
been gathered as far as possible, for example, covering the chlor-alkali sector. Such
information can assist, as required, the Working Group on mercury.
The important contextual points described in this summary prevent a simple
comparison of costs and environmental benefits. At a glance, the summary tables
show that the costs outweigh the specific quantifiable benefits of the reduction in
cancers due to arsenic, cadmium and nickel exposure. However it is stated that there
will be other important secondary environmental benefits of improving air quality of
these metals. These include benefits due to reductions in exposure of other metals and
PM10, reductions in adverse impacts on ecosystems and crops and reductions in
occupational exposure, particularly where improvements are targeted at fugitive
emissions. The benefits due to these other effects will clearly improve the balance
towards the benefits, although by how much is not possible to fully quantify with the
currently available information.
Whilst the complex petroleum refining sector has been subject to considerable
scrutiny in our report, including specific input from CONCAWE, the level of the
estimated compliance costs may merit further site specific investigations to develop at
a more disaggregated level the assumptions on business as usual performance,
compliance techniques and associated costs to develop further the estimates of the
implications of potential limit values.
This study has identified that there is a relatively small number of non-ferrous metals
processes that, by virtue of residential housing being in very close proximity to the
site boundaries (for example, 100m away or less), would not be expected to be able to
comply with even the highest potential limit values with available techniques. It is
recommended that these sites are consulted as proposals for limit values develop.
Furthermore, with increasingly stringent potential limit values, current information
indicates that more sites and sectors may not be able to achieve compliance using
available techniques, as indicated in Tables 2 to 4. Consultation with these sites /
sectors would therefore also be recommended, dependent on the limit values taken
forward in policy development.





Glossary

ADMS Atmospheric Dispersion Modelling System
As Arsenic
AQDD EU Air Quality Daughter Directive (1999/30/EC)
AQS The Air Quality Strategy for England, Scotland, Wales and Northern

Ireland
BAT Best available techniques
BAU Business as usual scenario
BREF BAT Reference Document
Cd Cadmium
CONCAW
E

The oil companies’ European organisation for environment, health and
safety

DETR UK Department of the Environment Transport and the Regions
DR Discount rate
EAF Electric arc furnace
Est Estimate
ESP Electrostatic precipitator
FGD Flue gas desulphurisation
Hg Mercury
HFO Heavy fuel oil
IPPC Integrated Pollution Prevention and Control
ISF Imperial Smelting Furnace
LCP Large combustion plant
LCPD Large Combustion Plant Directive
LS Liquid steel
Mtoe Million tonnes oil equivalent
Mtpa Millions of tonnes per annum
NAEI National Atmospheric Emissions Inventory
Ni Nickel
PM10 Particulate matter which passes through a size selective inlet with a

50% efficiency cut-off at 10µm aerodynamic diameter
pa per annum
tpa tonnes per annum
TSP Total suspended particulates
TWh Tera Watt hour


