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Preface

Over the past 10 years, the Arctic Monitoring and Assessment Programme
(AMAP) have conducted assessments documenting the sources, levels, trends,
and effects of a wide range of priority pollutants including mercury in the Arc-
tic. The main conclusions of these assessments are that: “In comparison with
most other areas of the world, the Arctic remains a clean environment. How-
ever, for some pollutants, combinations of different factors give rise to concern
in certain ecosystems and for some human populations. These circumstances
sometimes occur on a local scale, but in some cases may be regional or cir-
cumpolar in extent.”

Mercury is a heavy metal of special concern. It is toxic to human and other liv-
ing organisms and bioaccumulates in the Arctic marine food chain to reach lev-
els that are a cause for concern especially for that part of the population of Can-
ada and Greenland whose traditional diets include fish and marine mammals.

In response to the AMAP findings, the Arctic Council decided in 2001 to im-
plement a number of projects; among these a project on ‘Reduction of Atmos-
pheric Mercury Emissions from Arctic States’ as part of the *Arctic Council
Action Plan to Eliminate Pollution of the Arctic* (ACAP). The project objec-
tive is to contribute to a reduction of mercury releases from the Arctic coun-
tries, partly through supporting development of mercury release inventories and
release reduction strategies, and partly by initiating actions to demonstrate re-
lease reduction options at one, or a few, specific sources located in an Arctic
country. The sources are selected based on regional and national release inven-
tories and a detailed evaluation of potential demonstration project sites.

This Arctic Mercury Release Inventory has identified and quantified a number
of sources of mercury releases. The sources are from a wide range of categories
including intentional use of mercury in chemical industry and product manufac-
turing, as well as releases from mining and metallurgy, and energy production.
Presently identified source categories include: coal fired power plants, waste
incineration, chlor-alkali plants, and non-ferrous smelters. The Arctic countries
are addressing these releases through a variety of strategies. Domestic initia-
tives are in place or being developed to meet the countries' objectives and to
address international obligations. International agreements related to mercury
and of relevance to Arctic countries include the UNECE Convention on Long-
range Transboundary Air Pollution, OSPAR, HELCOM, the North American
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Regional Action Plan, regional agreements between USA and Canada, and EU
legislation. These agreements cover multiples aspects of mercury (monitoring,
emissions inventories, product controls, reduction of releases, etc.), having
some aspects in common but also differences.

Mercury specific reduction technologies may have evolved since the agree-
ments were developed and will continue to evolve. The regional release inven-
tory includes a listing of some current options to address mercury releases from
the major source categories identified in the inventory. These options are re-
flected to varying degrees in the countries' existing strategies and in the interna-
tional agreements. The listing provides Arctic countries with:

1 possible additional measures that could be considered for achieving further
reductions in mercury releases

2 potential for transfer and sharing of technology and knowledge between
among the Arctic countries, and

3 possibilities leading to introduction and implementation of new technolo-
gies and practices as well as possibilities for successful pilot-scale and
demonstration projects.

Further, the listing may provide valuable information for countries outside of
the Arctic Council region that are seeking to develop national and regional
mercury strategies.

This review focused on the technical aspects of the inventory, including verifi-
cation of the accuracy of reporting of country questionnaires, and options to
address mercury releases. The review does not extend to endorsing, from a pol-
icy standpoint, any of the specific possible options related to source categories
that are identified in the inventory. Therefore the possible options are not pre-
scriptive to the countries but are intended to provide information and indicate
possibilities for future consideration.

The ACAP mercury project is co-ordinated by Denmark with COWI A/S as
consultant. We would like to thank the members of the ACAP Steering Group
and the reviewers contributing to the preparation of this report.

Karsten Skov
Deputy Director
Danish Environmental Protection Agency
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Joint Stock Company
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1 Executive summary

1.1 This inventory report

The AMAP Assessment reports (AMAP 1997, 1998, 2002) have evaluated the
available information on selected pollutants and their effects in the vulnerable
Arctic environment.

In the ‘AMAP Report on Issues of Concern’ update presented in 2000 (AMAP,
2000), mercury was highlighted as an ‘issue of concern’. This report confirmed
the presence of significant levels of mercury in the Arctic environment, and
identified a mechanism by which elemental mercury, previously thought to be
of little biological significance, is converted in the Arctic to a reactive form
which can accumulate in biota. It also reported studies in the Arctic that docu-
mented subtle effects on infant neurodevelopment and blood pressure from ex-
posure to mercury during pregnancy, implying that infants may be at risk for
similar effects in several parts of the Arctic.

“Noting with concern that releases of mercury have harmful effects on human
health and may damage ecosystems of environmental and economic impor-
tance, including in the Arctic” the Arctic Council Ministers, in 2000, “called
upon the United Nations Environment Program to initiate a global assessment
of mercury that could form the basis for appropriate international action in
which the Arctic States would participate actively”.

Furthermore, they agreed to take a lead in addressing this issue in the Arctic
countries, by initiating a project aimed at reducing the anthropogenic releases
of mercury from these countries. The project was implemented under the Arctic
Council Action Plan to Eliminate Pollution of the Arctic (ACAP) with Den-
mark as project co-ordinator.

This report is part of the ACAP Mercury project. The objective of the report is
to present and analyse compiled data on mercury releases from the Arctic coun-
tries, summarise existing initiatives to reduce mercury releases, and propose
options for further release reductions.
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The report has been prepared primarily on the basis of the Arctic countries' re-
sponses to a questionnaire on mercury releases, uses and wastes. It should be
noted that the data from the Russian Federation were extracted from the report
"Assessment of Mercury Releases from the Russian Federation", also prepared
as part of this ACAP project (ACAP 2004), because official response to the
mercury questionnaire from the Russian Federation has not yet been received.
In addition, relevant information from various other recent national and interna-
tional compilations and studies has been included in the report preparation.

This document presents mercury data which for some countries have been
newly updated, partly inspired by - and prepared for the needs of - this study.
For other countries, the submitted mercury data have been prepared and re-
ported in other, previous inventories.

All in all, the Arctic countries have explored virtually all options for mercury
release reductions during the last three decades or more. There is a solid basis
for mutual inspiration between them, and in a wider perspective, to other coun-
tries of the world. The release reduction options presented in this document are
based on this common data base of experiences. This also implies that strate-
gies or actions to pursue these options are already on the way in many of the
countries.

Though mercury releases from the Arctic countries are still of significance, the
data of this report should be seen in the light of the mentioned reductions
achieved in many of the countries. Examples of reductions achieved so far are
given for a couple of countries in the description of their respective mercury
reduction efforts in section 6 of the report.

The questionnaire methodology has provided a thorough basis for the respond-
ing countries to enhance comparability and transparency. Naturally, however,
the countries have used their available estimates as background data, and the
methods for estimation of these existing data have been quite different. The
same is likely the case with the handling of data uncertainty. Thus, when com-
paring national release data, conclusions should be drawn with some caution.
Newer the less, the compilation of data from the Arctic States does provide
very interesting indications of which sources are the major ones across the Arc-
tic countries, as well as of similarities and differences in the national mercury
release source patterns.

A general introduction to mercury release sources and a conceptual model illus-
trating its cycling in the biosphere is given in section 3.1.

1.2  Summary of inventory results

Section 3 presents the results of this inventory on an overview level. According
to the reported release data, USA has the responsibility of managing by far the
largest amounts of mercury to the atmosphere among the Arctic countries. The
Russian Federation comes second, while reported atmospheric releases from
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Canada and the smaller reporting countries are considerably lower, see figure 1-
1.

In this national perspective, it must be remembered that large parts of all the
countries are situated outside the Arctic region it self. This means that only
parts of their reported mercury releases have direct, local influence in the Arc-
tic. Yet, according to the current understanding, mercury has a high residence
time in the atmosphere (once emitted), and is therefore transported hemispheri-
cally or even globally (UNEP, 2002). This means that mercury releases origi-
nating outside the Arctic region it self may have significant influence on the
mercury loads in the region, and releases from the whole area of all the Arctic
countries are therefore relevant in the Arctic perspective.

Figure 1-1  Reported national atmospheric releases in metric tons/year (data from
questionnaires and ACAP, 2004 of this study).*1
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Notes: *1: Comparisons among totals reported for the different countries should be made with caution,
since the reported data for each country have differing levels of associated uncertainty, see section
2.23.

Figure 1-2 shows, that in terms of atmospheric mercury releases per inhabitant,
the countries are much more equal, yet some differences still appear. It should
be noted that these figures may be quite vulnerable to uncertainties on estimates
and differences in estimation methods between countries.
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Figure 1-2  Reported atmospheric releases in kg mercury/vear per million inhabi-
tants, by country (data from questionnaires and ACAP, 2004 of this

study).*1
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Notes: *1: Population and GDP data from CIA's World Fact Book (accessed in summer 2003 at:
http://www.odci.gov/cia/publications/factbook/index.html). Comparisons among totals reported for the
different countries should be made with caution, since the reported data for each country have differing
levels of associated uncertainty, see section 2.2.3.

The overall source categories contributing with largest atmospheric mercury
releases are:

*  Combustion of carbon fuels - particularly coal (mobilisation of natural
mercury impurities)

*  Metal extraction and primary processing - particularly of non-ferrous met-
als (mainly mobilisation of natural mercury impurities)

*  Treatment of waste - particularly incineration of municipal waste and haz-
ardous/medical waste (from intentional mercury use in products and proc-
esses, and mercury traces in high volume materials)

As an alternative normalisation basis, reported atmospheric mercury releases
per GDP (Gross Domestic Product) in billion US Dollars are shown in figure 1-
3. An important factor in this equation is of course the GDP per inhabitant ra-




Reduction of atmospheric mercury releases from Arctic countries - Arctic Mercury Releases Inventory

tios which are currently much lower in the Russian Federation than in the other
Arctic countries, but are expected to rise in the near future.

Figure 1-3 Reported atmospheric releases in kg mercury/year per GDP in billion
US dollars, by country (data from questionnaires of this study).*1
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Note: *1: Population and GDP data from CIA's World Fact Book (accessed in summer 2003 at:
http://www.odci.gov/cia/publications/factbook/index.html). Comparisons among totals reported for the
different countries should be made with caution, since the reported data for each country have differing
levels of associated uncertainty, see section 2.2.3.

1.3 Discussion of major source types

In section 4 the major source categories are discussed in more detail. For each
category, the project data are analysed briefly, selected current release reduc-
tion initiatives are outlined, and possible options for further reductions are
listed. Most of the options are well known in many of the Arctic countries, and
are in many cases already under consideration, planning or implementation in
one or more of the countries (see also section 6). This does, however, not make
them less relevant in this presentation, as the results of this inventory confirms
their relevance and stresses that the reduction measures should be pursued fur-
ther, if mercury release reductions are wanted. Below, the suggested options for
further mercury release reductions for each major source category are listed
briefly.

Here in the executive summary, it was chosen to focus on the suggested op-
tions; the background for the suggestions is given section 4.
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A broader overview of existing mercury release reduction plans/strategies in
the Arctic Countries, national as well as regional, is given in section 6.

1.3.1 Combustion of coal

Atmospheric emission reduction systems

* A possible first step is to implement flue gas desulphurization (FGD) on
the facilities that are only equipped with particle filters today.

»  To further reduce atmospheric mercury releases, implementation of flue
gas cleaning systems optimised for mercury capture may be an option in
the future.

Coal washing

* A wider implementation of coal washing could possibly reduce the atmos-
pheric mercury releases from coal combustion.

Choice of energy sources

»  Switching to other energy sources such as natural gas or renewable energy
sources could reduce the mercury releases to all media. This would also
imply reduced expenses for management of solid and liquid residues, be-
cause the total input of mercury is reduced.

Reduction of energy consumption

*  Reduction of energy consumption would lead to direct cuts in mercury re-
leases to all media.

1.3.2 Non-ferrous metal production

Atmospheric release reduction measures
»  Raise the remaining facilities to the emission retention levels attained in
many facilities today ("best practices"/best available technologies):

- Establish high efficiency mercury removal steps in all facilities
- Or convert production to the direct leach process

Releases to other media, and releases from extraction residues

* It could appear as if mercury releases from primary metal extraction to
other media than the atmosphere may be less in focus as regards release
reductions. If this is the case, it may be a field where further release reduc-
tions could be attained.

* Improve public database on releases of mercury to all media - not only the
atmosphere - from the sector, including deposition of extraction residues.
Preferably on a mass balance basis describing dependent inputs and out-
puts of mercury with all fluxes/pathways.

1.3.3 Waste treatment
The following options could be considered as parts of an integrated approach:
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1.4

Continue the pursuit of eliminating intentional mercury use where it is pos-
sible.

Secure that high-volume materials lead to the public waste stream do not
contain (trace) mercury concentrations above reasonable thresholds (back-
ground levels).

Due to the observed delay in disposal - and perhaps continued sales - of
mercury-containing products;

- combine mercury waste prevention with improvements in mercury re-
tention of atmospheric emission reduction systems by adding mercury
specific emission reduction steps on waste incineration plants, and

- continue or improve separate collection of waste with high mercury
contents (including public awareness and collection campaigns).

- make sure to direct collected hazardous/ medical waste with mercury
to other treatment than incineration.

Monitor the global demand, production and recycling of mercury and con-
trol marketing of recycled mercury to prevent market overflow, and con-
sider final safe deposition, or intermediate safe publicly controlled storage
of marketable recycled mercury;

Improve data base on actual releases of elemental mercury and methylmer-
cury from landfills/waste deposits to enhance possibilities for quantifying
and managing these releases;

Investigate possibilities for development of combined retention of dioxins

and mercury from waste incineration exhaust gasses, with carbon injection.

Discussion of other selected sources

Mercury-based chlor-alkali production:

Direct releases are significant on an individual plant basis

The sector's mercury consumption is a major driving force for global mer-
cury trade

Waste dumps and clean-up represent major potential risks

Control recycling and storage of used, marketable mercury on a market
with low mercury demand

Mercury contamination from gold extraction in the Russian Federation
Extensive mercury use through centuries and secondary gold extraction from
tailings represent major environmental risks.

Oil and gas extraction
A significant source in some regions - warrants more attention in inventories
and release control.
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Dental amalgam
One of the last major product uses in the Arctic countries. Stronger incentives
to consumers for choosing alternatives are needed.

Laboratory chemicals
An example of a mercury application where international co-operation could
promote use of new mercury free standards.

Development of a "Least essential uses" elimination procedure
An option for enhancing substitution of uses where mercury-free alternatives
are readily available.
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2 Introduction

21 Background

Mercury may be one of the best-documented hazardous substances utilised by
man. Many of the world's countries have found the evidence of mercury's ad-
verse effects substantial enough to take initiatives to guard against uncontrolled
releases to the environment. International initiatives, however, may need to be
strengthened in order to control the environmental effects of mercury.

Mercury is a bio-accumulated and toxic metal that is of concern for both human
and the environment. Mercury accumulates in biota such as fish and marine
animals. This is of particular concern for the health of indigenous people in the
Arctic who are highly dependent on food from the marine food web. Mercury is
a volatile compound and emissions within and outside the Arctic can be sources
for input of mercury to the Arctic states. For a summary of mercury's adverse
effects on human health and the environment, see the Global Mercury Assess-
ment (UNEP, 2002).

The Arctic Monitoring and Assessment Program (AMAP) reports emphases the
need for more knowledge about the sources, transport, fate and behaviour in the
Arctic. Despite this need for more information the AMAP reports concludes
that actions should be taken to reduce the anthropogenic input of mercury to the
Arctic environment. Although sources for mercury pollution of the Arctic are
not well known and important sources might be located outside the region, it is
likely that sources within the Arctic states contribute significantly to the input
of mercury to the Arctic environment.

In terms of the ACAP criteria, the project is addressing a “common” (potential
similarity in national problems) and “shared” problem (transboundary move-
ment of heavy metals to the Arctic). The AMAP reports and other publications
have drawn attention to the potential severity of mercury contamination in the
Arctic and the linkages to sources within the Arctic as well as distant sources.
There are clear and established concerns for human health, and this ACAP
Mercury project is aimed at facilitating controls on mercury releases to the en-
vironment from Arctic countries.
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2.2 Objectives and preparation

221 Objectives of the ACAP mercury project

The overall objective of the project is to contribute to reduce the atmospheric
Mercury releases from Arctic states.

The specific objective of the project is to identify important anthropogenic
source categories for mercury emission within the Arctic region and to initiate
cost effective reduction measures at one or a few specific sources or plants (in
the Russian Federation) that could serve as pilot projects.

2.2.2 Questionnaire on mercury releases, wastes and uses

A questionnaire on mercury releases, uses and wastes was prepared by Den-
mark and was submitted to the Arctic Countries' for their response. The ques-
tionnaire was designed to highlight all possible release pathways individually
for each source category; including releases to the atmosphere, aquatic envi-
ronments (water), terrestrial environments (soil), deposition in general or sector
specific deposits, and outputs to marketed (by-) products.

Though the atmospheric releases were in focus in the project, this was done be-
cause of a growing understanding that releases through other pathways may
also be of significant importance, particularly in a longer time perspective. An
important factor in the abatement of pollution with heavy metals and other
highly persistent toxics is that once they are mobilised into the biosphere by
humans, they are not degraded, but remain a threat to human health and the en-
vironment over long time spans. This is particularly the case for mercury, be-
cause of its potential to evaporate from wastes, land and materials, and thus be
re-mobilised to potentially cause adverse impacts in the biosphere.

The questionnaire can be seen in the appendices with submitted national re-
sponses.

The mercury questionnaire was supplemented by a separate guideline for filling
in the questionnaire. The guideline, or so-called introduction, gives additional
definitions and advice on reporting national mercury releases into the question-
naire, in order to enhance comparability and transparency of the reported mer-
cury data. The questionnaire introduction can be seen in the appendices to this
report.

2.2.3 Preparation of this report

This report is part of the ACAP Mercury project. The objective of the report is
to present and analyse compiled data on mercury releases from the Arctic coun-
tries, summarise existing initiatives to reduce mercury releases, and propose
options for further release reductions.
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This report has been prepared primarily on the basis of the Arctic countries' re-
sponses to the above mentioned questionnaire on mercury releases, uses and
wastes.

It should be noted that the mentioned data from the Russian Federation were
extracted from the report "Assessment of Mercury Releases from the Russian
Federation", also prepared as part of this ACAP project by ACAP, 2004, be-
cause official response to the mercury questionnaire from the Russian Federa-
tion has not yet been received.

In addition, relevant information from various other recent national and interna-
tional compilations and studies has been included in the report preparation.

This document presents mercury data that for some countries have been newly
updated, partly inspired by - and prepared for the needs of - this study. For
other countries, the submitted mercury data have been prepared and reported in
other, previous inventories. The data are analysed here in the light of the possi-
bilities for comparison that a very detailed and specific data call allows, and in
the perspective of the similarities, and in some cases clear differences, between
the Arctic countries. All in all, the Arctic countries have explored virtually all
options for mercury release reductions during the last three decades or more.
There is a solid basis for mutual inspiration between them, and in a wider per-
spective, to other countries of the world. The release reduction options pre-
sented in this document are based on this common data base of experiences.
This also implies that strategies or actions to pursue these options are already
on the way in many of the countries.

The questionnaire methodology has provided a thorough basis for the respond-
ing countries to enhance comparability and transparency, and the countries
have known that this has been of high priority. Naturally, however, the coun-
tries have used their available estimates as background data, and the methods
for estimation of these existing data have been quite different. The same is
likely the case with the handling of data uncertainty. Only one country re-
ported information on quantitative uncertainty on individual data - see the na-
tional overviews in section 3.3 and the questionnaire responses in appendices.
Thus, when comparing national release data, conclusions should be drawn with
some caution.

Even though this report include perhaps some of the worlds best described
countries as regards mercury flows and releases, it can not be ruled out that in
some cases high reported mercury releases to some extend may reflect higher
coverage of the release inventories made, rather than higher "true" values. One
important factor may be whether releases from less well quantified sources are
included (with high uncertainties) or simply not included in the inventories. For
the figures presented in this report, an impression of possible significance of
this factor can be made from studying the detailed reports given in the ques-
tionnaire responses in appendices to this report.

The term "reported" data is used in this report to distinguish the available, re-
ported data, from the "true" values of the data. This also includes the aspect that
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some releases may actually take place, but are not estimated or reported.
Though this problem is inherent in all data inventories, it is often an important
distinction for mercury, and one which is sometimes not mentioned in existing
inventories.

The numbers of significant digits in values presented in this report do not re-
flect the level of uncertainty on the presented values, except in cases where this
has been incorporated by the countries themselves in their response to the mer-
cury questionnaire.
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3 Sources and releases of mercury from
Arctic countries

3.1 Introduction to releases and cycling of mercury

The nature of mercury releases can be summarised as follows (extracted from
the Global Mercury Assessment; UNEP, 2002).

The releases of mercury to the biosphere can be grouped in four categories:
e Natural sources - releases due to natural mobilisation of naturally occurring

mercury from the Earth's crust, such as volcanic activity and weathering of
rocks;

e Current anthropogenic (associated with human activity) releases from the
mobilisation of mercury impurities in raw materials such as fossil fuels —
particularly coal, and to a lesser extent gas and oil — and other extracted,
treated and recycled minerals;

e Current anthropogenic releases resulting from mercury used intentionally in
products and processes, due to releases during manufacturing, leaks, dis-
posal or incineration of spent products or other releases;

e Re-mobilisation of historic anthropogenic mercury releases previously de-
posited in soils, sediments, water bodies, landfills and waste/tailings piles.

Figure 3.1 shows these release categories with main types of possible control
mechanisms.
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Figure 3-1 Categorisation of sources of mercury releases to the environment and
main control options.

The recipients of mercury releases to the environment include the atmosphere,
water environments (aquatic) and soil environments (terrestrial). There are con-
tinuing interactions — fluxes of mercury — between these compartments.

Supplementary to figure 3.1, it can be mentioned that even for mercury releases
already deposited in the environment, human activities such as water reservoir
creation and land clearing, may result in enhanced bioavailability and re-
mobilisation of the mercury present in the soil.

Given the understanding of the global mercury cycle, current releases add to the
global pool of mercury in the biosphere — mercury that is continuously mobi-
lised, deposited on land and water surfaces, and re-mobilised. Being an ele-
ment, mercury is persistent — it cannot be broken down to less toxic substances
in the environment. The only long-term sinks for removal of mercury from the
biosphere are deep-sea sediments and, to a certain extent, controlled landfills,
in cases, where the mercury is physio-chemically immobilised and remains un-
disturbed by anthropogenic or natural activity (climatic and geological). This
also implies that even as the anthropogenic releases of mercury are gradually
eliminated, decreases in some mercury concentrations — and related environ-
mental improvements — will occur only slowly, most likely over several dec-
ades or longer. However, improvements may occur more quickly in specific
locations or regions that are largely impacted by local or regional sources."
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Figure 3.2 below shows a conceptual model of how mercury is cycling in the
biosphere. The speciation of mercury, that is the chemical form mercury is pre-
sent in, is an important factor in both the cycling and the adverse impacts of
mercury.

The species of mercury emitted to air vary among source types, and the further
fate of the emitted mercury is also very dependent of the speciation. Mercury
emitted as absorbed to particles, or in oxidised forms, will fall on land and wa-
ter in the vicinity of the source (local to regional distances), while elemental
mercury vapour can be transported with the air masses over hemispherical or
global distances. These are important factors to consider when trying to estab-
lish links between releases and observed loads in the environment, for example
when focusing on the impacts of specific sources to mercury pollution in a spe-
cific, vulnerable environment. Speciation is a key factor in the modelling of
atmospheric transport and distribution of mercury emissions.

The speciation of the mercury released is also a key factor in the efficiency of
atmospheric emission reduction systems, mainly because particle-born and oxi-
dised mercury is much easier to capture in these systems than elemental gase-
ous mercury.

Also in the environment extensive transformation of mercury between the
forms takes place. For example, while major parts of the mercury deposited on
land may be oxidised, the re-emitted mercury from land is mainly in the ele-
mental gaseous form. An important transformation process in aquatic environ-
ments (in water and wetlands) is the transformation in nature, of mercury re-
leased in elemental or oxidised forms, into methylmercury. Methylmercury is
considered a main factor in normal human exposure, because it accumulates
much easier in aquatic food webs than most other forms, and on top of this, it
has stronger toxic impacts because it is more easily absorbed in vulnerable or-
gans in humans and animals.

Considerable research is ongoing regarding the transformation and cycling of
mercury in the Polar Regions. Speciation plays an important part in the so-
called polar "mercury sunrise", where large portions of the atmospheric mer-
cury present is transformed, deposited and made bio-available within just a few
months of the Polar sunrise. There are indications that this may perhaps result
in and overall flux of atmospheric mercury to the Polar Regions, but evidence
is still scarce.
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Figure 3-2 Conceptual model for the cycling of mercury in the biosphere.
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USA submitted speciated mercury release data for major mercury release point
sources on their territory; see their response to the ACAP mercury question-
naire in appendices.

For additional description of release and cycling principles, including mercury
speciation in emissions from major release sectors and in the environment, see
the Global Mercury Assessment (UNEP, 2002).

3.2 Releases to the atmosphere from the Arctic
countries

While the quality and detail of the responses to the mercury questionnaire vary
considerably, the reported atmospheric release data appear comprehensive and
adequate for comparison between countries.

3.2.1 Breakdown of atmospheric releases by source category
across countries

Figure 3-3 below shows a breakdown of the reported releases to the atmosphere
on overview source categories across all the Arctic countries. The same data are
presented in table 3-1.
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As regards direct releases to the atmosphere, the reported data confirm that
combustion of carbon fuels, primarily coal, is the single largest mercury release
source type in the region. The releases from this source category constitute
about half (53%) of the total reported releases to the atmosphere from the Arc-
tic countries. Coal combustion alone contributes with 44% (52.6 metric tons) of
the total reported releases to the atmosphere from the eight Arctic countries(see
table 3-4 below). This indicates that while some has already been done to re-
duce releases from coal combustion, it remains a potential for significant re-
lease reductions. The source of the mercury is natural mercury impurities in the
coal. A breakdown of releases from this overall source group by individual
source categories is given in table 3-4, section 3.2.3. The main source coal
combustion is discussed further in section 4.1.

The other two major overview source categories are primary metal extraction
and waste treatment, respectively.

The main contributions from the primary metal extraction sector are production
of gold (mainly USA and Russia), zinc and zinc/copper (mainly Russia and
Canada), and copper/nickel (mainly Russia) (based on: Questionnaires from
this study; Environment Canada, 2002; ACAP 2004). The source of mercury
inputs to this sector is natural mercury impurities in the used ore material. The
same is the case for gold extraction, except for minor parts which originate
from re-processing of tailings from previous gold extraction with the mercury
amalgamation technology. Dedicated mercury mining does not take place any-
more in any of the Arctic countries. The recorded releases from this sector do
possibly not account for additional atmospheric releases from deposited extrac-
tion wastes, including flue gas cleaning residues (based on questionnaires in
this study, Environment Canada (2002), and selected company release records
at Canada's NPRI, 2003). The source category is discussed further in section
4.2.

Regarding the reported releases from waste treatment activities, it is worth not-
ing that the figures presented in figure 3-3 and table 3-1 mainly represent incin-
eration of municipal waste and hazardous waste, while reported releases from
recycling activities and "other waste treatment”, including other sector specific
industrial waste treatment, contribute only with minor releases in the reporting
(see table 3.4). Disposal to waste treatment is generally the most important re-
lease pathway for products with intentional mercury use, such as dental fillings,
thermometers, switches, light sources, measuring and control equipment. Even
in countries like Denmark, which has a quite long history of reducing mercury
inputs to waste, intentional mercury uses in products constitute a large part of
the mercury inputs to municipal waste (UNEP, 2002; Skaarup et al., 2003).

Some countries have reported small atmospheric releases from landfills/waste
deposits, but the quantification of atmospheric releases from these sources
should likely be considered under development and they may possibly be gen-
erally underestimated. As atmospheric emission reduction systems work by
capturing mercury from exhaust air and transferring it to solid or liquid resi-
dues, significant amounts of mercury are continuously deposited with residues
from these systems in all relevant sectors. Like mentioned for primary metal
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extraction, the presence of additional diffuse mercury releases from waste de-
posits can not be ruled out. The source category is discussed further in section
4.3.

Figure 3-3  Breakdown of reported atmospheric mercury releases on overview
source categories across the Arctic countries; metric tons Hg/year

(data from questionnaires of this study and ACAP, 2004). *1.
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Notes: *1: Note that the waste treatment category mainly represents incineration of municipal waste and
hazardous waste. Industrial sector specific deposition is not included in this overview category. Com-
parisons among totals reported for the different countries should be made with caution, since the re-

ported data for each country have differing levels of associated uncertainty, see section 2.2.3.
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Table 3-1 Breakdown of atmospheric mercury releases on overview source cate-
gories across the Arctic countries; metric tons Hg/year. Figures and
notes same as in figure 3-3.
Reported atmospheric re- Canada | Denmark Finland Iceland Norway Russia Sweden | USA | Sum
leases sub-divided on 2000 2001 2000 1999? 99/00 01/02 00/01 1999
overview source categories
Combustion and extraction of 2.739 0.31 0.3164 0.005 0.013 18.8 0.219 60.4 | 82.8
fossil fuels and bio-fuels
Primary metal extraction and 2.257 0 0.0218 NA 0.447 9.6 0.166 12.03 | 24.5
processing 0
Other mobilisation of Hg im- 0.748 0.12 0.0466 0.0005 0.037 1.6 0.099 5.7 8.4
purities
Hg use in processes 0.068 0 0.0354 NA 0 4.7 0.05 5.9 10.8
Product manufacture and use 0.526 0.21 0.0231 NA 0.108 0.239 0.122 | 5.664] 6.9
with Hg + "other intentional
uses"
Treatment of waste and 1.696 0.713 0.0815 0.011 0.033 3.75 0.031 |17.15] 23.5
waste water
Sum of reported releases 8.0 1.4 0.5 0.02 0.6 39 0.7 107 157
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3.2.2 Breakdown of atmospheric releases by country

When the data in table 3-1 are presented in a breakdown by country, the re-
ported release pattern in figure 3-4 is displayed. As shown, USA represents by
far the largest contributions of mercury in terms of national totals among the
Arctic countries. The Russian Federation comes second, while reported atmos-
pheric releases from Canada and the smaller reporting countries are considera-
bly lower.

In this national perspective, it must be remembered that large parts of all the
countries are situated outside the Arctic region it self. This means that only
parts of their reported mercury releases have direct, local influence in the Arc-
tic. Yet, according to the current understanding, mercury has a high residence
time in the atmosphere (once emitted), and is therefore transported hemispheri-
cally or even globally (UNEP, 2002). This means that mercury releases origi-
nating outside the Arctic region it self may have significant influence on the
mercury loads in the region, and releases from the whole area of all the Arctic
countries are therefore relevant in the Arctic perspective. For an overview pres-
entation of mercury's global cycling, see the global Mercury Assessment
(UNEP, 2002).
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Figure 3-4  Reported national atmospheric releases in metric tons/year (data from
questionnaires of this study and ACAP, 2004).*1
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since the reported data for each country have differing levels of associated uncertainty, see section

2.23.

Figure 3-4 illustrates something about the shares of the atmospheric releases

which can be controlled by individual countries. It does however not tell much
about these countries' performance in management of mercury emissions. For a
better understanding of this, figure 3-5 and table 3-2 show the reported atmos-
pheric emissions as kg mercury released per million inhabitants.
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Figure 3-5  Reported atmospheric releases in kg mercury/vear per million inhabi-
tants, by country (data from questionnaires of this study).*1
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Notes: *1: Population and GDP data from CIA's World Fact Book (accessed in summer 2003 at:
http://www.odci.gov/cia/publications/factbook/index.html) . Comparisons among totals reported for the
different countries should be made with caution, since the reported data for each country have differing
levels of associated uncertainty, see section 2.2.3.

Figure 3-5 and table 3-2 show, that in terms of atmospheric mercury releases
per inhabitant, the countries are much more equal, yet some differences still
appear. It should be noted that these figures may be quite vulnerable to uncer-
tainties on estimates and differences in estimation methods between countries.

Combustion of carbon fuels is a large mercury release source in countries
where coal plays a large role in power and heat production. A comparison be-
tween the countries' mercury releases from power production, national con-
sumption of electricity, and the relative importance of coal in its production is
given in section 4.1.

There is a growing recognition that extraction of oil and natural gas is also a
potentially significant source of mercury mobilisation in some regions of the
world. In Russia for example, the quantifiable releases from processing and use
of oil products is estimated at least 3.4 metric tons/year (see table 3-4), while
the fate of most of the mercury mobilised by oil extraction (possibly about 40
metric tons/year) is unclear.
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The metal production sector is much more complex and diverse than coal
combustion. Yet, the magnitude of reported atmospheric releases from primary
metal extraction are quite equal for Canada, Norway, Russia and the USA
(when seen on a per capita basis), but does of course cower differences in types
and amounts of metals produced and mercury releases per product output.

Again it is reflected that waste incineration plays a major part in reported mer-
cury releases from waste treatment. The relation between mercury releases and
dependence on incineration as a waste treatment option is discussed further in
section 4.3.

The source group "Direct releases from products and other intentional uses"
include dental amalgam fillings, batteries, thermometers, manometers, blood
pressure gauges and education, switches, relays and contacts, light sources and
"other products and processes". This is the category in the questionnaire that
includes all other releases from the turnover of products than releases from
their treatment in waste systems. These other releases are diffuse and difficult
to quantify, and the releases are often estimated with high uncertainties or sim-
ply omitted in inventories. Some of these uses still remain in trade, and even in
countries were the sale of some of these products are prohibited or have de-
creased, they may remain in use and circulation in society for many years be-
fore they are disposed off. Being globally traded products indicating possible
equal inputs per person on national markets except in cases of bans, the higher
reported releases from this source group from Denmark and Norway could per-
haps indicate that these sources were more thoroughly accounted fore in inven-
tories from these countries. Again it should however be remembered that the
major releases from these products happen in the waste treatment phase.
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Table 3-2 Reported atmospheric releases in kg mercury/year per million inhabi-
tants, by country (data from questionnaires of this study and ACAP,
2004).*1
Reported atmospheric releases sub- Canada | Denmark | Finland | Iceland Norway Russia | Sweden USA
divided on overview source catego- 2000 2001 2000 19997 99/00 01/02 00/01 1999
ries
Combustion and extraction of fossil fuels 85 58 61 19 3 130 25 215
and bio-fuels
Primary metal extraction and processing 70 0 4 NA 99 66 19 43
Other mobilisation of Hg impurities 23 22 9 2 8 11 11 20
Hg use in processes 2 0 7 NA 0 33 6 21
Product manufacture and use with Hg + 16 39 4 NA 24 2 14 20
"other intentional uses"
Treatment of waste and waste water 53 133 16 39 7 26 3 61
Sum of reported releases in kg Hg per 249 252 101 60 141 268 77 381
million inhabitants

Note: 1*: Population and GDP data from CIA's World Fact Book (accessed in summer 2003 at:
http://www.odci.gov/cia/publications/factbook/index.html) . Comparisons among totals reported for the
different countries should be made with caution, since the reported data for each country have differing
levels of associated uncertainty, see section 2.2.3.

As an alternative normalisation basis, reported atmospheric mercury releases
per GDP (Gross National Product) in billion US Dollars are shown in figure 3-
6. The figure shows that in terms of mercury releases per national expenditure -
partly a reflection of the material activity level - the Russian Federation lays
substantially above the other Arctic countries. An important factor in this equa-
tion is of course the GDP per inhabitant ratios which are displayed in table 3-3.
A firm interpretation of the figure is not easy, because the coupling of mercury
turnover and releases, and an overall national economic summary figure like
the GDP is not necessarily straight forward. But the figure could possibly indi-
cate that the management of atmospheric mercury releases is less intensive in
the Russian Federation than in the other Arctic countries. This may be useful to
observe in the planning of mercury releases management, because the eco-
nomic activity is expected to increase rapidly in the coming years.
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Figure 3-6  Reported atmospheric releases in kg mercury/yvear per GDP in billion
US dollars, by country (data from questionnaires of this study).*1
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Note: *1: Population and GDP data from CIA's World Fact Book (accessed in summer 2003 at:
http://www.odci.gov/cia/publications/factbook/index.html). Comparisons among totals reported for the
different countries should be made with caution, since the reported data for each country have differing
levels of associated uncertainty, see section 2.2.3.
Table 3-3 Population and GDP data for Arctic Countries and related summary
figures for reported atmospheric mercury releases.*1,2
Canada | Denmark | Finland | Iceland | Norway Russia | Sweden USA
2000 2001 2000 19997 99/00 01/02 00/01 1999
Population; million inhabitants 32 5 5 0.3 5 145 9 281
GDP (Gross Domestic Product) *1; 923 156 136 8 143 1250 227 10082
billion (10-E9) US Dollars
GDP per inhabitant; billion 29 29 26 28 32 9 26 36
USD/million inhabitants
Reported annual atmospheric re- 2.5 2.5 1.0 0.6 14 2.7 0.8 3.8
leases in kg Hg/10.000 inhabitants
Reported annual atmospheric re- 8.7 8.7 3.9 2.2 4.5 31.0 3.0 10.6
leases in kg Hg/billion USD GDP

Note: *1: Population and GDP data from CIA's World Fact Book (accessed in summer 2003 at:
http://www.odci.gov/cia/publications/factbook/index.html) . For definition of GDP, see the reference. *2:
Reported mercury release data from questionnaires and (ACAP, 2004) of this study.
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3.2.3 Reported atmospheric and aquatic releases - by source
types

A detailed presentation of the reported national releases to the atmosphere is
given in table 3-4 below. Selected main release contributions by country and
source category are marked in bold. For details on data sources, uncertainties,
background data etc. see the questionnaire responses in appendices and (ACAP,
2004).

A detailed presentation of the reported national releases to aquatic environ-
ments is given in table 3-5 below. These releases are less well documented than
atmospheric releases, and have therefore not been included in the analysis to
the same degree. The table shows that reported mercury releases to aquatic en-
vironments are dominated by the releases from waste water treatment. This in-
dicates that the main source is intentional mercury use in products and proc-
esses. For details on data sources, uncertainties, background data etc. see the
questionnaire responses in appendices and (ACAP, 2004).

For data on releases to other media, see the national overview tables in section
3.3 and questionnaire responses and (ACAP, 2004) in appendices.

Table 3-4 Overleaf: Detailed presentation of the reported national releases to the
atmosphere in the mentioned years *1; metric tons Hg/year. See the
questionnaire responses in appendices and (ACAP, 2004) for informa-
tion on data sources, estimate uncertainties etc.
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Source category Ca,00 [ Dk,01 | Fi,00 | Ic,99*2 | No,99/00 | Ru,01/02 [ Se,00/01 | USA,99 | Sum
Mobilisation of mercury impurities

Large coal combustion plants 2.039 | 0.25 | 0.030 NA 0 8 0 43.5 54
Other coal combustion and use 0 0.057 0.005 0.001 6.4 0.09 9.1 16
Extraction and use of oil, gas and biofuels 0.7 0.06 | 0.230 NA 0.012 4.4 0.129 7.8 13
Reported direct releases from combustion and extraction of 2739 | 0.31 0.316 0.005 0.013 18.8 0.219 60.4 83
fossil and bio-fuels (Hg impurities)

Primary extraction and processing of zinc 0 0.001 NA 0.008 1.9 0 NA 2
Primary extraction and processing of copper 0.001 0 0.001 NA 0 0 0 0.03 0.03
Primary extraction and processing of lead 0.076 0 NR NA 0 0 0 0.0001 0.1
Primary extraction and processing of gold (not amalgam tech) 0.009 0 NR NA 0 0 0 10.5 11
Primary extraction and processing of other metals 0.313 0 0.020 NA 0.439 2.4 0.08 1.4 5
Co-production of several non-ferrous metals 1.858 0 0.000 NA 0 5.3 0.086 0.1 7
Reported direct releases from primary metal extraction and 2.257 0 0.022 NA 0.447 9.6 0.166 12.03 25
processing (Hg impurities)

Cement production 0.313 | 0.12 | 0.013 | 0.0005 0.037 1.6 0.013 2.3 4
Other primary extraction and processing of materials *1 0.435 0 0.034 NA 0 ? 0.086 3.4 4
Reported direct releases from other mobilisation of Hg impuri- | 0.748 | 0.12 0.047 | 0.0005 0.037 1.6 0.099 5.7 8
ties

Intentional mercury uses

Primary mercury extraction and processing (intended Hg mining) 0 NR NA 0 0 0 0 0
Extraction of gold with the mercury-amalgamation process 0 NR NA 0 3.5 0 0 4
Chlor-alkali production with mercury technology 0.068 0 0.035 NA 0 1.2 0.05 5.9 7
Reported direct releases - intentional Hg use in processes 0.068 0 0.035 NA 0 4.7 0.05 5.9 11
Dental amalgam fillings 0.028 | 0.17 | 0.023 NA 0.07 0.05 0.122 0.250 1
Batteries 0 NA NA 0 0 0 0.01 0.01
Thermometers 0 NA NA 0 0.009 0 0.001 0.01
Manometers, blood pressure gauges and education 0.035 NA NA 0.014 0.01 0 0.8 1
Switches, relays and contacts 0 NR NA 0 ? 0 0.003 ] 0.003
Light sources 0.442 | 0.005 | 0.000 NA 0.024 0.15 0 1 2
Other products and processes *2 0.056 0 0.000 NA 0.02 0 3.6 4
Reported direct releases from products (manufacture and use) | 0.526 | 0.21 0.023 NA 0.108 0.239 0.122 5.66 7
and other intentional uses

Waste treatment and waste water systems (intentional

uses and impurities)

Incineration of general/municipal waste 0.327 | 0.64 | 0.033 0.011 0.033 3.6 0.029 4.6 9
Incineration of hazardous/medical waste 1.129 | 0.008 [ 0.004 NA 0 0.002 8.6 10
Landfills/deposits 0.009 NA 0.000 NA 0 0.1 0.1 0.2
Waste water systems 0.231 | 0.035 NA NA 0 0 0 0.8 1
Recycling of mercury 0 NR NA 0 0.05 0 NA 0.1
Recycling of other materials 0.035 | 0.003 NA ? 0 1 1
Other waste treatment 0 0.041 NA NA 0 2.05 2
Reported releases from treatment of waste and waste water 1.696 | 0.713 | 0.082 0.011 0.033 3.75 0.031 17.15 23
(Hg from products and materials - intentional uses/impurities)

Sum of reported atmospheric mercury releases (rounded) 8.0 1.4 0.52 0.02 0.64 39 0.69 107 157
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Note to table 3-4: *1: Data from Norway on dental amalgam fillings and extraction and use of oil, gas
and biofuels are from 1999. For Sweden all reported data with value other than cero are from 2001,
other reported data (0's) are reported as for 2000. Data for Russia are for 2001/2002. *2: Releases from
coal combustion in Iceland roughly estimated here based on consumption data submitted by Iceland
(150,000 metric tons coal/year) and the emission factor for coal in Denmark (0.04 g Hg/ton coal; see
table 4.3).

Table 3-5 (Overleaf) Detailed presentation of the reported national releases to
aquatic environments in the mentioned years, metric tons Hg/year. See
the questionnaire responses in appendices and (ACAP, 2004) for infor-
mation on data sources, estimate uncertainties etc.
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Mercury source Ca Dk Fi lc No Ru Se USA

Releases from mobilisation of mercury impurities

Large coal combustion plants 0.001 0 0.0137 NA 0 NA NA 0.2
Other coal combustion and use 0 NR NA 0 NA NA 0.009
Extraction and use of oil, gas and biofuels 0.003 0.055 0.0003 NA 0.121 NA NA 0.05
Primary extraction and processing of zinc 0 0.0012 NA 0.004 NA NA NA
Primary extraction and processing of copper 0 0.008 NA 0 NA NA 0.002
Primary extraction and processing of lead 0 NR NA 0 NA NA 0.001
Primary extraction and processing of gold (except amalgamation proc.) 0 NR NA 0 NA NA 0.0005
Primary extraction and processing of other metals 0.004 0 NA/NR NA 0.005 NA NA 0.1
Co-production of several non-ferrous metals 0.03 0 0 NA 0 NA NA 0
Cement production 0 NR NA 0.0017 NA NA 0.0009
Other primary extraction and processing of materials 0.023 0 0.002 NA 0 NA NA 0.3
Reported direct releases from mobilisation of mercury impurities 0.06 0.06 0.0250 NA 0.13 NA NA 0.66

Direct releases from intentional uses

Primary mercury extraction and processing (intended mining of mercury) 0 NR NA 0 NA NA 0
Extraction of gold with the mercury-amalgamation process 0 NR NA 0 NA NA 0
Chlor-alkali production with mercury technology 0.00216 0 0.0053 NA 0 NA NA 0.05
Dental amalgam fillings 0 NR NA 0 NA NA 0
Batteries 0 NA NA 0 NA | NA 0
Thermometers 0 NA NA 0.001 NA NA 0
Manometers, blood pressure gauges and education 0 NA NA 0 NA NA NA
Switches, relays and contacts 0 NR NA 0 NA NA 0
Light sources 0 NA NA 0.007 NA | NA 0.002
Other products and processes 0.001 0 NA NA NA NA 0.1
Reported releases from intentional mercury use 0.003 0 0.005 NA 0.008 NA NA 0.15

Waste treatment and waste water systems

Incineration of general/municipal waste 0.006 0 NR NA 0 NA NA NA
Incineration of hazardous/medical waste 0.0005 0 NA NA NA NA
Landfills/deposits 0 0.0002 0.0001 0.04 NA | NA NA
Waste water systems 0.162 0.2 0.21 0.03 0.061 NA NA 0.4
Recycling of mercury 0 NR NA 0 NA NA NA
Recycling of other materials 0 NA NA NA NA 0

Other waste treatment 0 NA NA NA NA 25
Reported releases from treatment of waste and waste water 0.17 0.20 0.21 NA 0.10 NA NA 29

Sum of reported atmospheric mercury releases (rounded) 0.23 0.26 0.24 NA 0.24 NA | NA 3.7
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3.3 National overviews of reported data

Below, overviews of reported corresponding inputs to, and releases from, mer-
cury source types present in the countries to all media are presented, including
to air, water, soil, waste treatment/deposition, waste water treatment and by-
products. Comprehensive reporting on all or most of these media were only
submitted by Denmark, Finland and USA. Source types which are clearly not
present in the country are not shown in the overviews. For details, data back-
ground and remarks, please see the questionnaire responses in appendices. For
the Russian Federation, see (ACAP, 2004) also in appdices.

Note that some countries have used other notations for data "not available",
"not relevant", "not answered" and "existing but almost zero", than recom-
mended in the introduction to the questionnaire. Not all such deviations seem
clear in the questionnaire responses.

"Inputs to the biosphere" is used here as a common designation for intentional
consumption of mercury and mobilisation of mercury impurities.
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Table 3-6
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Reported mercury inputs and outputs to all media in Denmark, 2001,
metric tons mercury/year. For details on estimation and uncertainties,

see the questionnaire response in the appendix.

New inputs to

Reported releases/outputs to (means of ranges):

biosphere:

Means and sums are rounded Range Mean Air Water Soil Mu- Haz Sector Waste By- Sum, rep.
nicipal /Med waste water products | releases
waste waste deposit *1 system (means)

Mobilisation of mercury impuri-

ties

Large coal combustion plants 0.6-1 0.8 0.3 0 0 0 0 0.1 0 0.3 0.7

Other coal combustion and use 0 0 0 0 0 0 0 0 0 0

Extraction and use of oil, gas and 0.06-0.33 0.2 0.06 0.06 0.003 | 0.006 0 0.01 0.002 0 0.1

biofuels

Cement production 0.1-0.3 0.2 0.1 0 0 0 0 0.03 0 0.09 0.2

Other primary extraction and proc- 0.011-0.04 | 0.03 0 0 0.03 0 0 0 0 0 0.03

essing of materials

Sub-sum, mobilisation of mercury 1.2 0.4 0.06 0.03 0.006 0 0.2 0.002 0.4 1.1

impurities

Intentional mercury use

Dental amalgam fillings 1.1-1.3 1.2 0.2 0 0.07 0.1 1.2 0 0.2 NR 1.8

Batteries 0.07-0.15 0.1 0 0 0 0.4 0.4 0 0 NR 0.8

Thermometers 0.016-0.024 | 0.02 0 0 0 0.03 0.1 0 0.03 NR 0.2

Manometers, blood pressure 0.013-0.049 | 0.03 0.04 0 0 0.04 0.3 0 0.04 NR 0.4

gauges and education

Switches, relays and contacts 0-0.024 0.01 0 0 0 0.2 1.1 0 0 NR 1.3

Light sources 0.06-0.17 0.1 0.005 0 0 0.07 0.07 0 0 NR 0.1

Other products and processes 0.135-2.021 1.1 0 0 0 0.4 0.05 0.03 0.01 NR 0.5

Sub-sum, intentional mercury use 2.6 0.2 0 0.07 1.3 3.2 0.03 0.2 0 5.1

Waste treatment and waste water

systems

Incineration of general/municipal NR NR 0.6 0 0 0 0 25 0 NR 3.1

waste

Incineration of hazardous/medical NR NR 0.008 | 0.001 0 0 NR 0 0 NR 0.009

waste

Landfills/deposits *3 NR NR NA 0 0 0.08 0 2.8 0.003 NR 2.9

Waste water systems NR NR 0.04 0.2 0.08 0 0 0.06 NR NR 0.4

Recycling of other materials NR NR 0.04 0 0.04 0.005 0 0.2 0 0.9 1.2

Other waste treatment NR NR 0 0 0 0 0 0 0 0 0

Sub-sum, waste treatment and 0.71 0.20 0.12 | 0.085 0.0 5.5 0.003 0.9

waste water systems *2

Notes to table 3-6: *1: Sector specific waste deposits, is an "other controlled deposition" category, in-
cluding for example special deposits for coal combustion residues in some countries and industry's own
deposits (subject to authorities control). *2: Note that doubling counting can not be ruled out in overall
sums for waste treatment - depends on national practices and how data were reported in questionnaire
responses. Therefore, these sums were not included in the table. *3: The output figures from land-
fills/deposits to municipal waste and hazardous/medical waste describe the distribution on these two
deposit types, and not mercury being physically moved from deposits to municipal or hazardous wastes.
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Table 3-7 Reported mercury inputs and outputs to all media in Finland, 2000,
metric tons mercury/yvear. For details on estimation, see the question-
naire response in the appendix*1.

New inputs | Reported releases/outputs to (best estimates):

to bio-

sphere:
Sums are rounded (best esti- Air Water  Soil Munici- Haz Sector Waste By- Sum, rep.

mates) pal /Med waste water prod- releases

waste waste deposit *2  system ucts (b.est.)

Mobilisation of mercury impurities
Large coal combustion plants 0.238 0.030 | 0.014 | 0.046 NR NR 0.138 NR 0.010 0.2
Other coal combustion and use 0.008 0.057 NR NA NR NR 0.008 NR 0.000 0.06
Extraction and use of oil, gas and biofuels 0.292 0.230 | 0.000 NA NR NR 0.062 NR 0.000 0.3
Primary extraction and processing of zinc*3 86.921 0.001 | 0.001 NA NR NR 10.819 NR 76.1 86.9
Primary extraction and processing of cop- 3.770 0.001 | 0.008 NA NR NR 3.680 NR 0.081 3.8
per
Primary extraction and processing of other 0.046 0.020 | NA/N NA NR NR 0.000 NR 0.025 0.05
metals R
Cement production 0.013 0.013 NR NR NR NR NR NR NA 0.01
Other primary extraction and processing of 0.036 0.034 | 0.002 | NA/N NA/NR NA/NR NA/NR NA/NR NA 0.04
materials R
Sub-sum, mobilisation of mercury impu- 91 0.4 0.03 0.05 0.0 0.0 14.7 0 76.2 91.4
rities
Intentional mercury use
Chlor-alkali production with mercury tech- 1.416 0.035 | 0.005 | 0.000 NR 1.375 0.000 NR Confid 1.4
nology
Dental amalgam fillings 0.927 0.023 NR 0.064 NA 0.886 NR 0.040 NR 1.0
Batteries NA NA NA NA NA 0.608 NA NA NR 0.608
Thermometers 0.338 NA NA NA NA NA NA NA NR NA
Manometers, blood pressure gauges and NA NA NA NA NA NA NA NA NR NA
education
Switches, relays and contacts NR NR NR NR NR NR NR NR NR NA
Light sources 0.234 0.000 NA NA NA 0.027 0.000 0.004 NR 0.03
Other products and processes 0.296 0.000 NA NA NA 0.160 0.008 0.000 NR 0.2
Sub-sum, intentional mercury use 3.2 0.06 0.005 0.06 NA 3.1 0.008 0.04 0.000 3.2
Waste treatment and waste water sys-
tems
Incineration of general/municipal waste NR 0.033 NR NR NR NR NA NA NR 0.03
Incineration of hazardous/medical waste NR 0.004 | 0.000 | 0.000 0.000 NR 0.034 NR NR 0.04
Landfills/deposits *4 NR 0.000 | 0.000 [ 0.099 0.224 NR NA NA NR 0.3
Waste water systems NR NA 0.210 | 0.075 0.080 NR 0.089 NR NR 0.5
Recycling of other materials NR 0.003 NA NA NA NA NA NA NA 0.003
Other waste treatment NR 0.041 NA NA NA 2.717 0.017 NA NA 2.8
Sub-sum, waste treatment and waste 0.08 0.2 0.2 0.3 2.7 0.1 0.00 | 0.00
water systems *5

Notes to table 3-7: *1: For several release sources, Finland has noted in their questionnaire response
that the effects of present emission reduction systems are not taken into account, and that the release
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estimates may therefore be overestimated. *2: Sector specific waste deposits, is an "other controlled
deposition" category, including for example special deposits for coal combustion residues in some coun-
tries and industry's own deposits (subject to authorities control). *3: The value for new inputs to the bio-
sphere includes produced by-product mercury (of which most is exported). The number was derived
here by the report author by combining several data from the Finnish questionnaire response. *4: The
output figures from landfills/deposits to municipal waste and hazardous/medical waste describe the
distribution on these two deposit types, and not mercury being physically moved from deposits to mu-
nicipal or hazardous wastes. *5: Note that doubling counting can not be ruled out in overall sums for
waste treatment - depends on national practices and how data were reported in questionnaire re-
sponses. Therefore, these sums were not included in the table.



34 Reduction of atmospheric mercury releases from Arctic countries - Arctic Mercury Releases Inventory

Table 3-8

Reported mercury outputs to media, for which data were available, in
USA, 1999(air)/ 2001 (other),; metric tons mercury/year. For a brief de-
scription of estimation methods, see appendices.

Reported releases to (best estimates):

Inputs to | Air Water Soil Mu- Haz Sector Waste By- | Sum, rep.

bio- nicipal /Med  waste water prod | releases

sphere: waste waste deposit *1  system ucts ] (b.est.)
Mobilisation of mercury impurities
Large coal combustion plants NA 43.5 0.2 16.6 11.1 0.3 NA 0.01 NA 71.7
Other coal combustion and use NA 9.1 0.009 0.02 0.9 0 NA 0.0009 NA 10.0
Extraction and use of oil, gas and biofuels NA 7.8 0.05 0.1 3.4 0 NA 0.003 NA 11.4
Primary extraction and processing of zinc NA NA NA NA NA NA NA NA NA NA
Primary extraction and processing of copper NA 0.03 0.002 35 20.4 0 NA 0.3 NA 55.7
Primary extraction and processing of lead NA 0.0001 0.001 4.1 0 0 NA 0 NA 4.1
Primary extraction and processing of gold (except NA 10.5 0.0005 1874 1.2 0 NA 0 NA 1886
amalgamation process)
Primary extraction and processing of other metals NA 1.4 0.1 25.1 7.5 0.02 NA 0.009 NA 34.1
Co-production of several non-ferrous metals NA 0.1 0 3 5.1 0 NA 0 NA 8.2
Cement production NA 2.3 0.0009 0.7 0.02 0 NA 0 NA 3.0
Other primary extraction and processing of materials NA 3.4 0.3 40.7 0.5 0.002 NA 0.0005 NA 44.9
Sub-sum, mobilisation of mercury impurities NA 78 0.7 2000 50 0.3 NA 0.32 NA 2129
Intentional mercury use
Primary mercury extraction and processing (in- NA 0 0 0 0 0 NA 0 NA 0
tended mining of mercury)
Extraction of gold with the mercury-amalgamation 0 0 0 0 0 0 0 0 NA 0
process
Chlor-alkali production with mercury technology NA 5.9 0.05 0 13.5 0.4 NA 0 NA 19.9
Dental amalgam fillings NA 0.25 0 0 4.5 0 NA 0 NR 4.8
Batteries NA 0.01 0 0 3.2 0 NA 0 NR 3.2
Thermometers NA 0.001 0 0 0.1 0 NA 0 NR 0.1
Manometers, blood pressure gauges and education NA 0.8 NA NA NA NA NA NA NR 0.8
Switches, relays and contacts NA 0.003 0 0.000 17.3 0.000 NA 0.0009 NR 17.3

9 9

Light sources NA 1 0.002 0 2.7 0 NA 0.009 NR 3.7
Other products and processes NA 3.6 0.1 5.6 20.2 0.1 NA 0.005 NR 29.6
Sub-sum, intentional mercury use NA 12 0.15 5.6 62 0.50 NA 0.015 NA 79
Waste treatment and waste water systems
Incineration of general/municipal waste NR 4.6 NA NA NA NA NA NA NR 4.6
Incineration of hazardous/medical waste NR 8.6 NA NA NA NA NA NA NR 8.6
Landfills/deposits NR 0.1 NA NA NA NA NR NA NR 0.1
Waste water systems NR 0.8 0.4 16 NA NA NA NR NR 17.2
Recycling of mercury NR NA NA NA NA NA NA NA NA NA
Recycling of other materials NR 1 0 0.02 0.1 0.006 NA 0.002 NA 1.1
Other waste treatment NR 2.05 2.5 0 0 0 NA 0.02 NA 4.6
Sub-sum, waste treatment and waste water sys- NR 17 2.9 16 0.10 0.0 NA 0.022 NA

tems *2
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Notes to table 3-8: *1: Sector specific waste deposits is an "other controlled deposition" category, in-
cluding for example special deposits for coal combustion residues in some countries and industry's own
deposits (subject to authorities control). *2: Note that double counting can not be ruled out in overall
sums for waste treatment - depends on national practices and how data were reported in questionnaire
responses. Therefore, these sums were not included in the table. *3: Dental amalgam; 2.5 metric tons/y
released to air from crematoria were reported in the US questionnaire response under the category
"Other waste treatment" and were allocated to dental amalgam here by the report author in order to
streamline the presentation with other countries' data in line with the guidance provided for filling in the
questionnaire.

Mercury consumption data for the USA in the mid 1990s are available in for
example (USEPA, 1997) and (Sznopek and Goonan, 2000).
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Table 3-9 Reported mercury outputs to all media in Norway, 1999/2000, metric
tons mercury/year.

New Re- (best.es

inputs leases t.):

to bio- to:

sphere

Air Water Soil Mu- Haz/M Sector Waste By- Sum, rep.
nicipal ed waste water prod- releases
waste waste  deposit*1 system ucts (b.est.)

Mobilisation of mercury impurities
Other coal combustion and use 0 0.001 0 0 0 0 0 0 0 0.001
Extraction and use of oil, gas and biofuels 0 0.012 0.121 0 0 0 0 0 0 0.1330
Primary extraction and processing of zinc 0 0.008 0.004 0 0 0 0 0 0 0.012
Primary extraction and processing of other 0 0.439 0.005 0 0 0 0 0 0 0.4440
metals
Co-production of several non-ferrous metals 0 0 0 0 0 0 0 0 0 0
Cement production 0 0.037 [ 0.0017 0 0 0 0 0 0 0.0387
Other primary extraction and processing of 0 0 0 0 0 0 0 0 0 0
materials
Sub-sum, mobilisation of mercury impurities 0.0 0.50 0.132 0.000 | 0.000 [ 0.000 0.00 0.000 0.00 0.6287
Intentional mercury use
Chlor-alkali production with mercury technology 0 0 0 0 0 0 0 0 0 0.0000
Dental amalgam fillings 0 0.07 0 0.172 0 0.79 0 0.023 NR 1.0550
Batteries 0 0 0 0 0 0.205 0 0 NR 0.2050
Thermometers 0 0 0.001 0 0 0.09 0 0 NR 0.0910
Manometers, blood pressure gauges and edu- 0 0.014 0 0 0 0.05 0 0 NR 0.0640
cation
Switches, relays and contacts 0 0 0 0 0 0.015 0 0 NR 0.0150
Light sources 0.024 0.007 0.005 0 0.078 0 0 NR 0.1140
Other products and processes 0 NR 0.0000
Sub-sum, intentional mercury use 0.0 0.11 0.008 0.177 0.0 1.2 0.000 0.02 0 1.5440
Waste treatment and waste water systems
Incineration of general/municipal waste NR 0.033 0 0 0 0 0 0 NR 0.0330
Incineration of hazardous/medical waste NR NR 0.0000
Landfills/deposits NR 0 0.04 0 0 0 NR 0 NR 0.0400
Waste water systems NR 0 0.061 0 0 0 0 NR NR 0.0610
Recycling of mercury NR 0 0 0 0 0 0 0 0 0.0000
Recycling of other materials NR 0.0000
Other waste treatment NR 0.0000
Sub-sum, waste treatment and waste water 0.03 0.10 0.00 0.000 0.0 0.0 0.000 0.0 0.1340
systems *2

*Note to table 3-9: *1:

Sector specific waste deposits is an "other controlled deposition" category, includ-

ing for example special deposits for coal combustion residues in some countries and industry's own
deposits (subject to authorities control). *2: Note that double counting can not be ruled out in overall
sums for waste treatment - depends on national practices and how data were reported in questionnaire
responses. Therefore, these sums were not included in the table.
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1999 data on intentional mercury consumption in Norway can be found in
(Maag et al. 2002). Some overview data on mercury in wastes, including metal
extraction waste, can be found in (Huse ez al. 2000).
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Table 3-10  Reported mercury outputs to all media in Canada, 2000; metric tons
mercury/year.
Reported releases to (Best esti- mates):

Inputs Air Water Soil Mu- Haz Sector Waste By- Sum,

to bio- nicipal /Med waste water prod- rep.

sphere: waste  waste deposit*1 system ucts Releases
Mobilisation of mercury impurities
Large coal combustion plants 2.039 0.001 0.687 2.727
Other coal combustion and use 0
Extraction and use of oil, gas and biofuels 0.7 0.003 0.008 0.71
Primary extraction and processing of zinc 0
Primary extraction and processing of copper 0.001 0.001
Primary extraction and processing of lead 0.076 0.076
Primary extraction and processing of gold 0.009 0.009
(except amalgamation process)
Primary extraction and processing of other 0.313 0.004 0.23 0.547
metals
Co-production of several non-ferrous metals 1.858 0.03 1.888
Cement production 0.313 0.008 0.32
Other primary extraction and processing of 0 0.435 0.023 0.146 0.604
materials
Sub-sum, mobilisation of mercury impu- 0.0 5.74 0.061 1.079 | 0.000 0.000 0.00 0.000 0.00 6.9
rities
Intentional mercury use
Chlor-alkali production with mercury tech- 0.068 0.00216 0.07016
nology
Dental amalgam fillings 0.028 NR 0.0
Batteries NR 0.00
Thermometers NR 0
Manometers, blood pressure gauges and NR 0
education
Switches, relays and contacts NR 0
Light sources 0.442 NR 0.44
Other products and processes 0 0.056 0.001 NR 0.06
Sub-sum, intentional mercury use 0.0 0.59 0.003 0.000 0.0 0.0 0.000 0.00 0 0.6
Waste treatment and waste water sys-
tems
Incineration of general/municipal waste NR 0.327 0.006 0.049 NR 0.4
Incineration of hazardous/medical waste NR 1.129 1.725 NR 2.8547

7

Landfills/deposits NR 0.009 NR NR 0.0
Waste water systems NR 0.231 0.162 NR NR 0.39
Recycling of mercury NR 0
Recycling of other materials NR 0.0
Other waste treatment NR 0
Sub-sum, waste treatment and waste 1.70 0.17 1.77 ( 0.000 0.0 0.0 0.000 0.0 3.6
water systems*2
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*Notes to table 3-10: *1: Sector specific waste deposits is an "other controlled deposition" category,
including for example special deposits for coal combustion residues in some countries and industry's
own deposits (subject to authorities control). *2: Note that double counting can not be ruled out in over-
all sums for waste treatment - depends on national practices and how data were reported in question-
naire responses. Therefore, these sums were not included in the table.

Table 3-11  Reported mercury outputs in Sweden, 2000/2001; metric tons mer-

cury/year.

Reported releases to

(best estimates):

Air
Mobilisation of mercury impurities
Large coal combustion plants 0
Other coal combustion and use 0.09
Extraction and use of oil, gas and biofuels 0.129
Primary extraction and processing of zinc 0
Primary extraction and processing of copper 0
Primary extraction and processing of lead 0
Primary extraction and processing of gold (except amalgamation process) 0
Primary extraction and processing of other metals 0.08
Co-production of several non-ferrous metals 0.086
Cement production 0.013
Other primary extraction and processing of materials 0.086
Sub-sum, mobilisation of mercury impurities 0.48
Intentional mercury use
Primary mercury extraction and processing (intended mining of mercury) 0
Extraction of gold with the mercury-amalgamation process 0
Chlor-alkali production with mercury technology 0.05
Dental amalgam fillings 0.122
Batteries 0
Thermometers 0
Manometers, blood pressure gauges and education 0
Switches, relays and contacts 0
Light sources 0
Other products and processes 0
Sub-sum, intentional mercury use 0.17
Waste treatment and waste water systems
Incineration of general/municipal waste 0.029
Incineration of hazardous/medical waste 0.002
Landfills/deposits
Waste water systems 0
Recycling of mercury 0
Recycling of other materials 0
Other waste treatment 0
Sub-sum, waste treatment and waste water systems 0.03
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Data for Sweden's intentional mercury consumption can be found in (KEMI,
1998; summary also cited in UNEP, 2002). Some overview data on mercury in
wastes, including metal extraction waste, can be found in Huse ez al. 2000.

Table 3-12  Reported mercury outputs to media, for which data were available, in
the Russian Federation, 2001/2002; metric tons mercury/year. For de-
scription of estimation methods, see (ACAP, 2004), appendices.

Reported data for source types

New inputs to

biosphere (range):

Reported re-

leases to air (best

estimate):
Ranges Best estimate

Mobilisation of mercury impurities
Large coal combustion plants *1 20-24 22 8
Other coal combustion and use 0 0 6.4
Extraction and use of oil. gas and biofuels 7-62 42 4.4
Primary extraction and processing of zinc 16-47 31 1.9
Primary extraction and processing of gold (except amalgama- 0 NA 0
tion process)
Primary extraction and processing of other metals 2.5-54 3.8 2.4
Co-production of several non-ferrous metals 14-42 28 5.3
Cement production 1.6-2.8 2 1.6
Other primary extraction and processing of materials 0 0 ?
Sub-sum. mobilisation of mercury impurities 61-183 129 30
Intentional mercury use
Extraction of gold with the mercury-amalgamation process 2-7 4.5 3.5
Chlor-alkali production with mercury technology 103 103 1.2
Dental amalgam fillings 0.6-0.8 0.7 0.05
Batteries 0 0.8 0
Thermometers 0 26 0.009
Manometers. blood pressure gauges and education 0 NA 0.01
Switches. relays and contacts 0 NA ?
Light sources 7.5 5.5 0.15
Other products and processes 0 11.6 0.02
Sub-sum. intentional mercury use 150-159 154 4.9
Waste treatment and waste water systems
Incineration of general/municipal waste NR NR 3.6
Incineration of hazardous/medical waste NR NR 0
Landfills/deposits NR NR 0.1
Waste water systems NR NR 0
Recycling of mercury NR NR 0.05
Recycling of other materials NR NR ?
Other waste treatment NR NR NA
Sub-sum. waste treatment and waste water systems 3.8
Grand total. reported data 211-342 283 39

Notes to table 3-12: *1: Mobilisation figure includes all coal use, that is, also on smaller plants, for coke

production etc.
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3.3.1 Submitted data from Iceland

Iceland submitted the data mentioned below.

Estimated anthropogenic inputs to the environment from Iceland:

No industry of concern because of Mercury in Iceland. The non-ferrous metals
industry found is Al and FeSi industry, not of concern because of Mercury. The
main potential sources of mercury in the aquatic environment are: Fossil fuel
combustion; cement production; use of mineral phosphate fertiliser; sewage
effluent; effluent from waste incinerators; releases from landfill.

Atmospheric releases
Ca. 570,000 metric tons of gasoline and diesel oil and ca. 150,000 metric tons
of coal' and charcoal fossil fuel is used in Iceland annually.

Air emission from Cement production (particle bound): 0.47 kg Hg / yr (250d
/yr).

Estimated emission from waste incinerators 11 kg Hg / yr (1999)

Aquatic releases
Estimated in sewage effluent is 31 kg /yr Hg (2001).

Estimated release from landfill is <0.11 kg Hg / yr (1999)

Direct releases to land
2.400 metric tons of phosphate used in 1999, content of Hg is not known.

Import of metal mercury
Import of Mercury metal in 2001 was 8 kg and 180 kg of silveramalgam (Hg
content ca. 90 kg Hg).

! Atmospheric releases from coal combustion in Iceland roughly estimated here
at about 5 Kg/year based on consumption data submitted by Iceland (150.000
tons coal/year) and the emission factor for coal in Denmark (0.04 g Hg/ton
coal; see table 4.3). No data on whether emission reduction systems are used
were submitted from Iceland. The Danish emission factor reflects a situation
where about half of the mercury input is captured in emission reduction sys-
tems.
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3.4 Mercury consumption and mobilisation

Reported information on mercury consumption and mobilisation in question-
naire responses is limited and of varying quality. Therefore, no individual pres-
entation of this issue is given in this report. The issue is however dealt with as
an integrated part of the discussion of source types in section 4, and consump-
tion and mobilisation data, if reported, are summarised in the total reported re-
leases overviews in section 3.3 above.

Trade statistics of mercury and its compounds (which do not include mercury
traded as part of products), and details on consumption and mobilisation data
from the countries which reported them, are given in the questionnaire re-
sponses in appendices and in (ACAP, 2004).
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4 Discussion of major source categories

In this section the major source categories are discussed in more detail. For
each category, the project data are analysed briefly, selected current release re-
duction initiatives are outlined, and possible options for further reductions are
listed. Most of the options are well known in many of the Arctic countries, and
are in many cases already under consideration, planning or implementation in
one or more of the countries. This does, however, not make them less relevant
in this presentation, as the results of this inventory confirms their relevance and
stresses that the reduction measures should be pursued further, if mercury re-
lease reductions are wanted.

Note that a broader overview of existing mercury release reduction
plans/strategies in the Arctic Countries is given in section 6.

4.1 Combustion of carbon fuels

4.1.1 Analysis of mercury releases from combustion of carbon
fuels

As shown in table 3-4, coal combustion remains the largest single atmospheric
mercury release source in the Arctic countries. Contributions from the use of
carbon fuels are recalled in table 4-1. The magnitude of mercury release from
this source category is closely related to the consumption of electricity, the role
of coal as a dominating fuel type, and the suitability of applied emission reduc-
tion systems for mercury retention in the exhaust gases from power production
and other major coal consuming sectors.

The atmospheric releases from the 5 largest coal combustion point sources
(power plants) reported from the Arctic countries amounted to The 5 coal com-
bustion facilities (power plants) emitting most mercury in the Arctic countries
released about 0.8 metric tons/ year each (on average). Together, the 5 largest
point sources emit about 3% of the total reported atmospheric releases from the
Arctic countries. The largest mercury releasing point sources in each country
are reported in the mercury questionnaires; see the questionnaires in appendices
for detailed information on reported point sources.
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Table 4-1 Reported atmospheric mercury releases from combustion and extrac-
tion of fossil fuels and bio-fuels (extracts from table 3-4); metric
tons/year.

Source category Ca,00 Dk,01 Fi,00 1c,99* | No,99/0 Ru,01/02 Se,00/01 USA,99 Sum
2 0

Mobilisation of mercury impurities

Large coal combustion plants 2.039 0.25 0.030 NA 0 8 0 43.5 54

Other coal combustion and use 0 0.057 0.005 0.001 6.4 0.09 9.1 16

Extraction and use of oil, gas and biofuels 0.7 0.06 0.230 NA 0.012 4.4 0.129 7.8 13

Reported direct releases from combustion and 2.739 0.31 0.316 0.005 0.013 18.8 0.219 60.4 83

extraction of fossil and bio-fuels (Hg impuri-

ties)

Electricity production with coal combustion

Figure 4-1 illustrates reported atmospheric mercury releases from large power
plants as related to percentage of produced electricity based on coal combus-
tion. Additionally, consumption of electricity per inhabitant is shown, in total
and for residential consumption only (the last thing as a possible indicator of
personal use pattern, independent of industry use). The mercury release data are
from the questionnaire responses and (ACAP, 2004), and all energy data are
from the International Energy Agency's (IEA) reports "Energy Statistics of
OECD Countries" and "Energy Statistics of Non-OECD Countries", both 2003
editions. The same data are presented in table 4-2.

Note that all figures are subject to uncertainty and should be interpreted with
caution. Uncertainties for release estimates from Denmark are presented in the
Danish questionnaire response in appendices. No other countries reported quan-
titative uncertainties for submitted mercury data.
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Figure 4-1 Relations between reported atmospheric mercury releases from large
power plants, dependence on coal for production of electricity, and
consumption of electricity - total as well as residential only (Hg data
from questionnaire responses and (ACAP, 2004); energy data from
1IEA, 2003 and 2003b)*4.
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Notes: *1: Hg data from Iceland on coal does allow analysis of this aspect. *2: Data on percentage of
electricity produced with coal from Yanin (2003). *3: Hg releases from small coal based power plants in
Norway and Sweden were reported in another category, and are not included here (marginal releases)
*4: Energy data for same year as reported Hg releases, except for USA for which reported atmospheric
releases were from 1999, other releases for 2001, and energy data were for 2000. Comparisons among
totals reported for the different countries should be made with caution, since the reported data for each
country have differing levels of associated uncertainty, see section 2.2.3.
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Table 4-2 Relations between reported atmospheric mercury releases from large

power plants, dependence on coal for production of electricity, and

consumption of electricity - total as well as residential only (Hg data

from questionnaire responses and (ACAP, 2004), energy data from
1EA, 2003a and 2003b)*4. Same data as in figure 4-1.

Ca,00 [ Dk,01 | Fi,00 | Ic*1 [ No*3 | Ru*2 | Se *3 | USA,
99

Reported annual Hg releases from large 63 47 6 NA 0 55 0 155
combustion plants, kg Hg/million inhabitants
Percentage of electricity produced with coal 19 47 12 0.03 18 1 51
Total annual electricity consumption, MWh 18 7 16 27 17 15
per inhabitant
Residential electricity consumption, MWh 4.3 1.9 3.5 7.7 1.0 5.1 4.3
per inhabitant

Notes: *1: Hg data from Iceland on coal did not allow analysis of this aspect. *2: Data on percentage of
electricity produced with coal were not available for Russia. *3: Hg releases from small coal based
power plants in Norway and Sweden were reported in another category, and are not included here
(marginal releases). *4: Energy data for same year as reported Hg releases, except for USA for which
reported atmospheric releases were from 1999, other releases for 2001, and energy data were for 2000
. Comparisons among totals reported for the different countries should be made with caution, since the
reported data for each country have differing levels of associated uncertainty, see section 2.2.3.

Figure 4-1 and table 4-1 illustrate the following:

*  The simple fact that countries depending on coal combustion for produc-
tion of electricity have high atmospheric mercury releases per inhabitant.

*  The equally simple fact that a combination of dependency on coal for elec-
tricity production and high consumption of electricity per inhabitant yield
high atmospheric mercury releases.

»  Substantial reductions of mercury releases are possible even with relatively
high energy consumption by choosing other energy sources than coal.
Sweden, Norway and Finland are examples of this. It should be noted that
other energy sources may lead to other types of environmental problems.

*  Reduced mercury releases can be obtained by limiting the consumption of
electricity, as seems to be the case for Denmark.

Of course any of the mentioned options for mercury release reductions have
other adverse and positive effects that have to be taken into account. These in-
clude other types of environmental impacts, depletion of resources, and poten-
tial limitations on economic activity, among others. Other possible measures
for mercury release reduction are mentioned below.
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National emission factors for coal use

Another indicator for release reduction performance is the emission factor of
mercury release per tonnage of coal used. Atmospheric mercury releases re-
ported in the questionnaire responses are compared to national coal consump-
tion data in table 4-3. For this comparison, mercury releases from large coal
combustion plants (see definitions in the introduction to the ACAP mercury
questionnaire in appendices) and other coal combustion/use were summed up
(see table 4-3) and divided by the total consumption of coal of all types as re-
ported by IEA (2003a; 2003b; for coal types included see table notes). For
Denmark, Finland and USA, the same calculation was made for total reported
mercury releases/outputs from coal use to all environmental media and by-
products (includes Hg in deposition of residues and Hg in by-products for Den-
mark and Finland, but not for USA).

The resulting calculated emission factors are shown in table 4-3. As shown, the
calculated emission factors fall in the same range for all countries (except Nor-
way) and are in line with emission factors for large power plants presented in
the European EMEP/CORINAIR Emission Inventory Guidebook (2002) and by
USEPA in AP 4-2 (1998).

The calculated emission factors are, however, deemed too weakly documented
here to allow strong comparisons between countries. The main confounding
factor may be consumption of coal in sectors, for which mercury releases may
not have been reported as assigned to coal use, even though coal contributed to
the mercury outputs from these sectors. Coal related releases reported in this
way do not contribute to the release category "other coal uses" included in the
calculations, resulting in calculated emission factors which are lower than the
true values. Probably, an important example of this could be coal (and coke)
use in metallurgical production. This error could be of most significance for
countries with relatively large consumption of coal in industries (this could be
part of the reason for the deviation for Norway). Additionally, the reported re-
leases may be associated with substantial uncertainties. For example for Den-
mark, the only country reporting uncertainties on estimates, the rounded "best
estimate" value of 0.3 metric tons mercury released, represents estimated re-
leases to the atmosphere of 0.19-0.31 metric tons/year (calculations were based
on non-rounded mean of the range).

The uncertainties on the presented calculated emission factors could be mini-
mised by further analysis of existing data.
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Table 4-3 Reported releases from coal use, to the atmosphere and to all media,
respectively, coal consumption data, and roughly calculated emission
factors. See discussion in text (Hg data from questionnaire responses
and ACAP, 2004, coal consumption data from IEA, 2003 and 2003b).

Ca Dk Fi Ic,9| No Ru Se USA*1 EMEP | EMEP | US EPA
9*2 dc*2 | dc+fgd* | det/-
2 fgd*3
Reported atmospheric Hg re- 2.0 0.3 0.1 NA | 0.001 14 0.1 53 - - -
leases from coal use, metric
tons/year
Sum of reported Hg outputs to all NA 0.7 0.3 NA [ NA NA NA 82 - - -
media from coal use, metric
tons/year
Coal consumption in country, 66,397 | 6,990 | 6,574 0 [1,594 | 249,142 | 4,356 | 991,579 - - -
1000 metric tons/year*4
Reported atmospheric Hg re- 0.03 0.04 0.01 NA ( 0.001 0.06 0.02 0.05 0.05- 0.02- 0.0425
leases from coal use, g Hg, per 0.2 0.08
metric ton of coal used
Sum of reported Hg outputs to all NA 0.09 0.05 NA [ NA NA NA 0.08 - - -
media from coal use, in g Hg per
metric ton of coal used

Notes: *1: Sum of reported outputs to all media include Hg outputs to sector specific deposits and by-
products (gypsum construction panels etc.) for Denmark and Finland, but not for USA. *2: Reference:
EMEP/CORINAIR (2002); DC = dust control only; FGD = flue gas desulphurisation; hard coal and
brown coal. *3: Reference: USEPA (1998); applies for facilities with dust control only, and for facilities
with FGD and dust control; value derived from many facilities firing bituminous coal and sub-bituminous
coal, and few firing lignite. *4: Consumption figures for the same year as mercury releases were re-
ported for, except for USA for which reported atmospheric releases were from 1999, other releases for
2001, and energy data were for 2000 (see reporting years for atmospheric releases in table 3-4, and for
other releases in questionnaire responses and ACAP, 2004 in appendices. Comparisons among totals
reported for the different countries should be made with caution, since the reported data for each coun-
try have differing levels of associated uncertainty, see section 2.2.3.

Cross media transfers

A part of the picture, which is not reflected in the atmospheric release figures,
is the deposition of solid exhaust gas cleaning residues and marketing of by-
products with contents of mercury, as well as minor direct releases to aquatic
environments. As indicated by the data for Denmark, Finland and the USA in
table 4-3, the total outputs of mercury from coal combustion quite likely add up
to about the double of the direct atmospheric releases. Secondary atmospheric
and aquatic releases from residue deposits and by-products most likely add to
the direct releases to these media, though this is a poorly understood and possi-
bly underestimated source type. The only way to reduce total mercury outputs
to all media, is to reduce coal consumption by reductions of energy demands, or
by substituting for coal with less polluting energy production methods or fuels.
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4.1.2 State of mercury release reductions from coal combustion
in Arctic countries

Emission reduction systems

Currently, release reduction systems retaining parts of the mercury inputs to
power plants, are in place on a number of the larger plants in the Arctic coun-
tries. These are dust (PM) controls in combination with flue gas desulphurisa-
tion ("FGD")/de-nitrification. Existing FGD/PM systems demonstrate very
varying efficiency in mercury retention (0-90%), but average retention rates
generally fall in the interval of 30-80% of the mercury input, depending princi-
pally on coal types fired and FGD systems applied (Pacyna and Pacyna, 2000).
An important feature of these systems are their potential for reductions of at-
mospheric releases of a number of priority pollutants, most particularly acidic
and eutrophisating gasses and other heavy metals than mercury.

Still, many large power plants in the Arctic countries only have dust controls.
For example, about 75% of the power plants in USA currently have PM reten-
tion only. Generally dust controls are not considered efficient for mercury re-
tention because of mercury's volatility and its tendency to exist as elemental
mercury vapour in the combustion gasses. In a few recent examples, highly ef-
ficient fabric filters and electrostatic precipitators have, however, exhibited
good mercury retention under specific conditions favouring oxidation and ad-
sorption of mercury on particulate material (USEPA, 2002).

Coal washing prior to combustion is used some places in the USA, and in Rus-
sia prior to coke production. The washing reduces sulphur contents in the coal,
and also removes some of the mercury contents (on average about 20%). This
technology reduces mercury inputs to the combustion processes, but transfers
the mercury to liquid or solid residues which have to be managed properly to
avoid releases.

Coal substitution and reduction of energy consumption

As mentioned above, particularly Norway and Sweden have very limited mer-
cury releases from coal combustion because they rely on hydropower and nu-
clear power.

Denmark has shifted some of its electricity production from coal to natural gas
and wind power during the last decades, resulting in a drop in releases of mer-
cury and other pollutants (Skaarup et al, 2003; Danish Energy Authority, 2003).

Additionally, Denmark, and possibly also other Arctic countries, has attempted
to reduce, or at least stabilise, energy consumption by awareness raising activi-
ties, implementation of cleaner technology, introduction of CO,-taxes etc.
These initiatives have had good results in Denmark, showing quite stabile en-
ergy consumption in spite of economical growth (Danish Energy Authority,
2003).

Reductions of CO, releases as aimed at in the Kyoto Protocol of the Framework
Convention on Climate Change may also have reducing effects on mercury re-
leases due to its direct links to consumption of carbon fuels, of which coal is a



50

Reduction of atmospheric mercury releases from Arctic countries - Arctic Mercury Releases Inventory

dominating part. As of November 2003, the Kyoto protocol has been ratified by
Canada, Denmark, Finland, Norway and Sweden, whereas Iceland is in acces-
sion (per 25/05/2002) and Russia has only signed the protocol so far (UNFCC,
2003). The government of USA has announced that it does not intend to ratify
the protocol.

4.1.3 Options for further release reductions for coal combustion

For the majority of the coal consumption in the Arctic countries, the atmos-
pheric mercury releases are relatively well documented and monitored, and
strategy development and implementation for release reduction is ongoing
(UNEP, 2002; USEPA-ORD, 2000; Skarup et al, 2003). Here, the speed and
degree of implementation appears to be largely a question of political and fi-
nancial priorities. As regards the situation in Russia, documentation, strategies
and implementation are among the issues of this ACAP project, as well as in
other on-going projects (Munthe et al., 2003; Pacyna, 2003; and possibly oth-
ers).

Atmospheric emission reduction systems
These technologies transfer input mercury from air emissions to deposi-
tion/landfilling and releases to other media.

A possible first step is to implement flue gas desulphurization (FGD) on the
facilities that are only equipped with particle filters today. Such a step would
reduce releases of several priority pollutants, including some reduction of mer-
cury releases to the atmosphere. For recommendations as regards types of tech-
nologies see (USEPA, 2002).

To further reduce atmospheric mercury releases, implementation of flue gas
cleaning systems optimised for mercury capture will be an option in the near
future.

Such systems (for utility boilers) with higher retention rates, are under devel-
opment (USEPA, 2002 and USEPA-ORD, 2004). Such systems can involve
injection in the flue gas of sorbents capturing mercury and/or oxidising agents,
which convert elemental mercury to oxidised forms that are better captured in
particle filters and FGD systems. Also the so-called selective catalytic reduc-
tion (SRC) processes used for NOy-reduction may enhance mercury oxidation
for some coal types. See detailed recommendations and cost estimates for a
range of mercury emission reduction techniques in (USEPA, 2002).

Another evolving technique is the addition of fixed carbon filters downstream
to other flue gas cleaning systems.

For the situation in the USA, USEPA-ORD (2004) projects the potentials
shown in table 4.4 for different mercury release reductions options for coal
fired power plants. The potentials and the time frames are based on the assump-
tion that aggressive research, development and demonstration will be imple-
mented.
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Table 4-4 Research, development and demonstration (RD&D) goals in the USA
for projected cost-effective mercury removal capability (% of Hg input
to combustion plant) for key coal type/control technology combinations,
as projected by USEPA-ORD (2004), for detailing on background see
the reference.

Control Technology | Existing Projected Hg Removal Projected Hg Removal Projected Hg Removal
Capacity Capability in 2010 by the Capability in 2010 by En- Capability in 2015 by
with this Use of ACI (%) hanced Multipollutant Con- | Optimizing Multipol-
configura- trols (%) lutant Control (%)
tion in the Bi L k Bi L k Bi L k
USA (MW) in itum- ovw:-ran it. ov«:-ran it. ov«:-ran

coals coals coals
2003 inous (Bit) Coals Coals

PM Control Only- 153133 70 70 NA NA NA NA

CS-ESP

PM Control Only- 2591 90 90 NA NA NA NA

CS-ESP + retrofit

FF

PM Control Only-FF | 11018 90 90 NA NA NA NA

PM + Dry FGD 8919 NA NA 90 60-70 90-95 90-95

PM + Wet FGD 48318 NA NA 90 70-80 90-95 90-95

PM + Wet or Dry 22586 NA NA 90 70-80 90-95 90-95

FGD + SCR

Coal washing
Coal washing also transfers input mercury from air emissions to deposi-
tion/landfilling and releases to other media.

In principle, a wider implementation of coal washing could reduce the atmos-
pheric mercury releases from coal combustion. Like for other emission reduc-
tion systems this technique requires careful management of washing water and
residues to avoid secondary mercury releases.

Choice of energy sources

As mentioned above, switching to other energy such as natural gas or renew-
able energy sources could reduce the mercury releases to all media. This would
also imply reduced expenses for management of solid and liquid residues, be-
cause the total input of mercury is reduced.

Mercury concentrations in coal vary, both between seams and within the same
seam. Therefore, in principle, it could perhaps in some cases be possible to re-

? Capacity values have been obtained from EMF controls available in “EPA’s 2003 Clear
Skies Act parsed file for 2010 available at http://www.epa.gov/airmarkets/epa-
ipm/results2003.html. The capacity values have been rounded to the nearest whole number.
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duce mercury emissions by selecting coal with low mercury contents. Besides
some practical problems that such an approach might imply, a main concern in
this scenario is however that cheaper high mercury coal could be attractive for
countries with poorer emission reduction systems, potentially resulting in a
worse situation locally and no improvement globally.

Reduction of energy consumption

Reduction of energy consumption would lead to direct cuts in mercury releases
to all media. From other research fields it is indicated that there is large poten-
tial for energy savings by a combination of implementation of more energy ef-
ficient appliances (light sources, motors, electronics etc.) and awareness raising
activities and other incentives.

4.2 Primary metal extraction

4.2.1 Analysis of mercury releases from primary metal extraction

Non-ferrous metal extraction mobilises significant amounts of mercury due to
it's extensive turnover of materials, its high operating temperatures and the fact
that several metals are primarily produced from sulphidic ore with naturally
elevated mercury concentration (gold, zinc, lead and copper ore). The sector is
not well described as regards mercury releases to other media than the atmos-
phere, and total mobilisation (input) of mercury.

The 5 non-ferrous metal extraction facilities emitting most mercury in the Arc-
tic countries released more than 1 metric ton/year each, while the single largest
point source in this category releases more than 6 metric tons/year. Together,
the 5 largest point sources emit about 7% of the total reported atmospheric re-
leases from the Arctic countries. The largest mercury releasing point sources in
each country are reported in the mercury questionnaires; see the questionnaires
in appendices for detailed information on reported point sources.

For the sector as such, most of the mobilised mercury is probably deposited on
site or sold as by-product mercury. The major part of the recorded releases are
emissions to the atmosphere, while minor releases to water and land are also
recorded. Generally, mercury in extraction residues is not well unaccounted for
in publicly available literature; some data for the Nordic countries are however
given in (Huse et al., 1999), the questionnaire responses and (ACAP, 2004).

As mentioned in section 3.2, the main contributions from the primary metal
extraction sector in the Arctic countries are production of gold (mainly USA
and Russia), zinc and zinc/copper (mainly Russia and Canada), and copper and
copper/nickel (mainly Russia) (based on: Questionnaires from this study; Envi-
ronment Canada, 2002; ACAP, 2004).

As shown in table 3.4, the largest atmospheric mercury releases are reported for
USA (12 metric tons/year), Russia (9.6 metric tons/year) and Canada (2.3 met-
ric tons/year).
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Table 4-5 show, that as regards both atmospheric and total mercury releases in
USA, gold extraction contribute with the largest releases, with copper and
"other metals" (including zinc®) coming up next. Note particularly the reported
releases from gold extraction to soil.

To avoid misunderstandings, it should be mentioned that this mercury origi-
nates from mercury naturally present in the gold ore; the mercury amalgama-
tion method used for artisanal (small scale) gold mining is not applied profes-
sionally in USA anymore.

For Russia the largest contributions to atmospheric mercury releases are from
nickel/copper extraction (5.3 metric tons/year) and zinc extraction (1.9 metric
tons/year), while total mobilisation of mercury are roughly equal for zinc/lead
extraction and nickel/copper extraction (estimated at app. 31 and 28 metric
tons/year, respectively) (ACAP, 2004). It should be noted that these release es-
timates have not been confirmed with measurements. Gold extraction is also a
significant mercury release source in Russia, and here a special factor is in-
volved: The secondary gold extraction of older tailings containing large
amounts of mercury from earlier extraction with the amalgamation method.
This issue may warrant special attention. Gold extraction with the amalgama-
tion method is illegal now in Russia, but may still take place (ACAP, 2004).

For Canada, most of the atmospheric mercury releases from the sector are at-
tributed to co-production of several non-ferrous metals in the questionnaire re-
sponse (1.9 metric tons/year), while "other metals" contribute with 0.3 metric
tons/year. A comprehensive report on emissions and pollution abatement in the
sector describe that most of the atmospheric releases from this sector in Canada
occur at a single combined copper/zinc smelter with less extensive emission
reduction equipment on the copper production line (Environment Canada,
2002). Reported data on releases to other media and outputs are limited for this
sector in the questionnaire response (and in the described report).

3 Because the U.S. used Standard Industrial Codes (SIC codes) and there is no code
for primary zinc (Zn) smelting, emissions from this source category for the U.S.
submission to this project are included in the “Other Primary Extraction of Met-
als” category in the ACAP mercury questionnaire.
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Table 4-5 Reported mercury release data on primary non-ferrous metal produc-
tion in USA (selection from table 3-8, data from questionnaire response
from USA).

Inputs to Reported Sum, rep.
biosphere: | releases to releases
(best esti- (b.est.)
mates):

(Hg contents Air Water Soil Munici- Haz Sector | Waste By-

in raw mate- pal /Med waste water prod-

rials) waste waste | deposit [ system ucts
Primary extraction and NA NA NA NA NA NA NA NA NA NA
processing of zinc
Primary extraction and NA 0.03 0.002 35 20.4 0 NA 0.3 NA 56
processing of copper
Primary extraction and NA 0.0001 0.001 41 0 0 NA 0 NA 41
processing of lead
Primary extraction and NA 10.5 0.0005 | 1874.2 1.2 0 NA 0 NA 1886
processing of gold (ex-
cept amalgamation proc-
ess)
Primary extraction and NA 1.4 0.1 25.1 7.5 0.02 NA 0.009 NA 34
processing of other met-
als
Co-production of several NA 0.1 0 3 5.1 0 NA 0 NA 8.2
non-ferrous metals

Ferrous metal extraction

Ferrous metal extraction also release mercury, but, as regards atmospheric
emissions, generally in smaller amounts than from extraction of the dominant
non-ferrous metals (Pacyna and Pacyna, 2000, ACAP, 2004). For Russia, the
atmospheric releases from iron and steel production are estimated at 1.4 metric
tons/year (ACAP, 2004).

42,2 State of release reductions in primary metal extraction in
Arctic countries

For non-ferrous metal extraction from sulphidic ore concentrates, the most im-
portant single factor influencing retention of atmospheric mercury releases is
the presence of specific mercury removal steps in the exhaust gas lines. Sul-
phidic ore types are the most important virgin raw material for many of the
non-ferrous metals (a major exception is aluminium). In the Arctic countries,
such mercury removal steps appear to be present in most of the extraction fa-
cilities applying roasting, sintering and/or smelting of input ore (the process
steps releasing most of the mercury present in the concentrates); (Environment
Canada, 2002; European Commission, 2001; ACAP, 2004). The presence of a
mercury removal step is likely partly driven by the technical need to purify the
gases prior to the conversion of sulphur dioxide gases to sulphuric acid, and
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mercury removal is found in most extraction plants which are equipped with
acid plants.

The presence of a dedicated mercury removal step influences the distribution
between output pathways considerably. Releases to the atmosphere are con-
verted to marketed by-product outputs (mercury and its compounds) and re-
leases to waste deposition, land and water. In case sulphuric acid is produced,
mercury releases to sulphuric acid (a marketed by-product) will also be con-
verted to other output pathways, if a mercury removal step is present.

Most or all non-ferrous metal extraction plants applying heating in the initial
process steps also have exhaust gas particle filters (cyclones, wet scrubbers,
ESPs and/or fabric filters), which may also reduce atmospheric mercury re-
leases somewhat and convert the retained parts of the mercury to solid, sus-
pended and/or liquid residues. Particle filters generally only have limited reten-
tion efficiencies on mercury, because major parts exist as elemental mercury
gas in the exhaust gasses.

Some non-ferrous metal extraction plants in the Arctic countries employ so-
called direct leach processes, in which the sulphur contents (and mercury with
it) are not driven of the concentrates with high temperature processes prior to
extraction in aquatic solutions/suspensions. With direct leaching, most of the
mercury follows the wet extraction residues, of which some are treated to ex-
tract the marketable mercury, and which require careful handling to avoid fur-
ther releases. Extraction plants employing direct leaching may have very lim-
ited atmospheric mercury releases, as is for example the case in Finland (Fin-
nish response to questionnaire and Fugleberg, 1999).

Waste waters from different process steps can contain mercury and must be
treated carefully to avoid or minimise releases to aquatic environments.

Release reductions in the Canadian base metal sector

As an example, significant reductions of atmospheric mercury releases have
taken place in Canada through reductions efforts over the last 15 years (or
more). Atmospheric mercury releases dropped from 27 metric tons/year in
1988, to 10 metric tons in 1993 and 2 metric tons in 2000 (Environment Can-
ada, 2002).

Mercury releases from waste rock and tailings

The waste rock and tailings from non-ferrous metal extraction may - just like
the produced concentrates contain trace amounts of mercury. This material is
much more susceptible to weathering due to the reduced particle sizes and
higher accessibility for air and precipitation. For sulphicid ores, this weathering
liberates and oxidizes the contained sulphur and produce sulphuric acid. The
acid renders mercury and other constituents more soluble and thus increases
leaching of the metal to the environment manifold as compared to the un-
touched mineral deposit. This process is called "acid rock drainage" (or ARD)
and is considered a serious environment risk (European Commission, 2003).
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The questionnaire responses of this study give a few data on releases to soil
which most likely relate to extraction residues. It is not known if reported re-
leases to air and water include secondary releases from extraction residues.
Otherwise, quantitative data on release of mercury from waste rock and mining
tailings to air, water and land has not been identified in recent data compila-
tions. This release source could potentially be significant, because even moder-
ate mercury concentrations in the material may render substantial mercury
amounts mobile because of the enormous amounts of materials handled in min-
ing operations.

4.2.3 Options for further release reductions in the primary metal
extraction sector

Atmospheric release reduction measures

As primary metal extraction contributes with 25 out of a total of 157 metric
tons of reported mercury releases to the atmosphere per year in the Arctic coun-
tries, further release reductions may be necessary in this sector if overall reduc-
tions are desired.

As regards atmospheric releases, a general recommendation would be to raise
the remaining facilities to the emission retention levels attained in many facili-
ties today ("best practices"/best available technologies). Such actions would
include, among others, establishing high efficiency mercury removal steps in
all facilities, or convert production to the direct leach process. All such im-
provements could be based on existing, industrially mature technologies. De-
tailed recommendations are presented in for example the report "Multi-
pollutant Emission Reduction Analysis Foundation (MERAF) for the Base
Metal Smelting Sector" (includes also examples of economic estimates for re-
duction actions; Environment Canada, 2002), and in "Integrated pollution pre-
vention and control (IPPC) - Reference document on best available techniques
in the non ferrous metals industry" (European Commission, 2001). Both reports
are available on the Internet (see the reference list for web-links).

Releases to other media, and releases from extraction residues

From publicly available literature, it could appear as if mercury releases from
primary metal extraction to other media than the atmosphere may be less in fo-
cus as regards release reductions. If this is the case, it may be a field where fur-
ther release reductions could be attained.

This also includes management of extraction residues. It seams that secondary
releases of mercury to all media - also the atmosphere - from deposition of ex-
traction residues are often not accounted for or described with any detail.

Secondary gold extraction from old amalgam tailings in Russia

Because of the potentially large amounts of mercury involved and the risks of
mobilising mercury while disturbing (excavating etc.) the tailings deposits,
prudent precautions should made to avoid provoking substantial mercury re-
leases to all media. A deeper analysis of this problem is not possible for this
report.
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Improvement of mercury data base to enhance management possibilities
Improvements to the data base on releases to other media than the atmosphere,
as well as releases to all media from extraction residues, seams warranted in
order to enhance possibilities for quantifying and managing these releases in a
national and global perspective, as well as improving the basis for quantifying
the relative importance of other mercury release sources for management pur-
poses; preferably on a mass balance basis describing dependent inputs and out-
puts of mercury with all fluxes/pathways.

Reduction of mercury inputs

Mercury concentrations in non-ferrous metal ores and concentrates vary con-
siderably. Therefore, in principle, it should be possible to reduce mercury emis-
sions by selecting raw materials with low mercury contents. In practice how-
ever, it may be difficult, and there is also a risk of such a scenario, that cheaper
high mercury concentrates are attractive for industry in countries with poorer
emission reduction systems and poorer regulation, potentially resulting in a
worse situation locally and no improvement globally.

4.3 Waste treatment

As shown in table 3-4 in section 3.2.3, incineration of municipal waste and
hazardous/medical wastes are large sources to atmospheric mercury releases
within this category. As regards releases to other media, Denmark, Finland and
USA has submitted the most comprehensive data sets. When considering re-
ported data for all media (tables 3-5 to 3-7), waste water systems is also a major
source in these countries. Other significant release categories, when considering
reported data across all media, are the mixed categories "other waste treatment"
(including in questionnaire responses for example "other incinerators",
switches, electronics, contaminated soil) and "recycling of other materials" (in-
cluding for example steel and non-ferrous metal recycling). As a whole, these
source types include all or most of the mercury flow through society with prod-
ucts (consumer and industrial products); both products where mercury is used
intentionally, and high volume products with trace concentrations of mercury.

The 4 waste incineration facilities emitting most mercury in the Arctic coun-
tries released more than 0.7 metric ton/year each (on average). Together, the 4
largest point sources emit about 2% of the total reported atmospheric releases
from the Arctic countries. The largest mercury releasing point sources in each
country are reported in the mercury questionnaires; see the questionnaires in
appendices for detailed information on reported point sources.

Chlor-alkali production with mercury technology poses special problems as
regards mercury containing waste; see section 4.4 on this issue.

4.3.1 Analysis of mercury releases from waste treatment

Reported atmospheric mercury releases from municipal waste incineration per
million inhabitants, and percent of general waste types incinerated are shown in
figure 4-2 and table 4-6 below. Note that the percentage data have different ba-
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sis according to available knowledge of waste types included. The figures show
the expected relationship between dependency on waste incineration and mer-
cury releases - high volumes of waste incinerated yield high mercury releases.
Because of the modest efficiency for mercury retention of most emission reduc-
tion systems currently applied, this affect the atmospheric release figures di-
rectly. Denmark has rather high mercury releases per inhabitant from waste in-
cineration in spite of decades of separate collection of mercury-containing
waste. Reported mercury releases versus incinerated waste amounts are de-
scribed further below.

Table 4-6 also show reported releases from incineration of hazardous/medical
waste, because this also describe aspects of how much mercury is flowing
through society in products, and how this mercury is handled in the national
waste treatment setups. Procedures of collection and treatment of hazardous
waste influence the fate of mercury outputs from society's product usage quite
strongly. As for the Danish situation for example, collection of waste products
with high mercury contents (dental amalgam, thermometers, button cell batter-
ies, manometers, blood pressure gauges etc.) has been going on for some dec-
ades, and the collected mercury waste has been recycled or deposited under
special conditions. Yet, un-collected mercury-containing waste still follows
other general waste to incineration due to the general waste handling priorities.
In comparison, mercury releases from incineration of hazardous/medical waste
seem to be relatively high in Canada and the USA.
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Figure 4-2  Reported atmospheric mercury releases from municipal waste incinera-

tion (in kg Hg/million inhabitants), and percent of general waste types
incinerated. Note that the percentage data have different basis accord-
ing to available knowledge of waste types included (see table notes be-
low).

Reported atmospheric releases from municipal waste
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Table 4-6 Reported atmospheric mercury releases from municipal waste incinera-
tion (in kg Hg/million inhabitants), and percent of general waste types
incinerated. Note that the percentage data have different basis accord-
ing to available knowledge of waste types included (see table notes).*7.

Ca | Dk*1 [ Fi*2 Ic |No*3[Ru*4| Se*5 | USA*6
Reported atmospheric releases from municipal waste incinera- 10 118 6.3 NA 7.3 25 3.3 16
tion, in kg Hg/million inhabitants per year
Reported atmospheric releases from hazardous/medical waste 35 15 0.7 NA 0.0 0.0 0.2 31
incineration, in kg Hg/million inhabitants per year
Percentage of generated municipal solid waste (MSW), which is 4 65 4 3 15
incinerated
Percentage of generated household waste, which is incinerated 80 31 15

Notes: *1: Percentage for MSW based on total waste amounts minus recycled construction wastes and
composted gardening wastes (DEPA, 2003). Percentage for household wastes also from (DEPA,
2003). Uncertainties on atm. releases +/- 60% of mean (questionnaire response from DK). *2: Releases
were unusually high in 2000; mean releases 1995-2001 was about 1/3. Release estimates are worst
case and do not take effects of emission reduction systems into account (Questionnaire response from
F1). *3: Percentage based on numbers for household wastes from 2002 (Sleire, 2003). *4: Based on
(ACAP, 2004); uncertainty on waste definitions for percentage number. *5: Percentages are based on
household waste data from (RFV, 2003). *6: Based on waste data from (Durkee, 2003) and waste defi-
nitions from www.epa.org/osw. *7: Comparisons among totals reported for the different countries
should be made with caution, since the reported data for each country have differing levels of associ-
ated uncertainty, see section 2.2.3.

Most of the remaining product wastes from the Arctic countries' societies are
landfilled (Skaarup et al., 2003; Questionnaire response from FI; Sleire, 2003;
ACAP, 2004; RFV, 2003; Durkee, 2003). Figures on reported current mercury
releases from landfills are low and few (see table 3-4, and national overview
tables in section 3.3). As mentioned for other waste deposition, quantification
of releases from deposition of mercury-bearing wastes is not as advanced as for
direct atmospheric releases. Also, releases from waste deposition happen
slowly over decades, centuries and more; and through occurrences less predict-
able in time such as excavation activities or other disturbances of the waste de-
posits. However, waste deposition may constitute a delay of the releases of the
mercury in wastes (and thereby sometimes lower current mercury concentra-
tions in the local environment), when compared to waste incineration with to-
day's atmospheric emission reduction systems.

Many of the products intentionally containing mercury are internationally trad-
ed, and would therefore be expected to be relatively uniform as regards mer-
cury in (western) market economies; any major differences would be due to
national trade restrictions and possibly also to some degree consumer's/user's
preferences. From the history of mercury use reductions in Denmark, including
trade bans, special waste collection, public awareness activities etc., it is
deemed highly unlikely that waste in Denmark contain more mercury than av-
erage on western markets. This could indicate that mercury amounts similar to
those found in waste in Denmark (sum of all releases/deposition from all waste
types) per inhabitant would be expected in the other Arctic countries as well,
but here more of it is deposited (and therefore potentially more difficult to
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quantify). An exception could be Sweden, where the "detoxification of soci-
ety", that is: eliminating old mercury wastes accumulated in society , has been
more systematic and comprehensive than for example in Denmark (see von
Rein and Hylander, 2000).

Note that all figures are subject to uncertainty and should be interpreted with
caution. Uncertainties for release estimates from Denmark are presented in the
Danish questionnaire response in appendices. No other countries reported un-
certainties on figures.

National emission factors for waste incineration

In table 4-7, calculated emission factors in g mercury released per metric ton of
waste incinerated are presented for the countries which have reported the in-
volved data. The calculated factors are very dependent on both the quality of
the reported release data, and of which types of wastes are included under the
"general/municipal waste" parameter. As can be seen from the table notes, it
has not been possible with the available data to calculate all the countries' fac-
tors with the same waste definition basis. This naturally introduces a significant
uncertainty in any comparison between the countries. The atmospheric emis-
sion factors do, however, appear relatively uniform, except for Norway and
Sweden, for which the calculated factors are an order of magnitude lower than
for Canada, Finland, Denmark and USA.

Only Denmark reported the necessary data to calculate a total release factor per
ton of waste incinerated; with the rounded "best estimates" presented in the ta-
ble, the total releases from municipal waste incineration amounts to about five
times the reported atmospheric releases.

The uncertainties on the presented calculated emission factors could be mini-
mised by further analysis of existing data.
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Table 4-7 Calculated emission factors for incineration of general/municipal
waste. See table notes.
Ca | Dk*1 | Fi*2 Ic | No*3 | Ru*4|Se*5 | USA*6
Reported atmospheric releases from incineration of "gen- 0.3 0.6 0.03 NA 0.03 4 0.03 5
eral/municipal waste", in metric tons/year (rounded)
Sum of reported Hg outputs to all media from incineration of "gen- NA 3.1 NA NA NA NA NA NA
eral/municipal waste", metric tons/year (rounded)
Amounts of incinerated MSW, or household waste, respectively 1.3 2.8 0.1 NA 1.0 NA 2.5 31
(see notes); in million metric tons/year (rounded)
Reported atmospheric releases from incineration of "gen- 0.3 0.2 0.4 NA | 0.03 NA 0.01 0.2
eral/municipal waste" in g Hg/metric ton of incinerated MSW (or
household waste, respectively) *7
Sum of reported Hg outputs to all media from incineration of "gen- NA 1 NA NA NA NA NA NA
eral/municipal waste", in g Hg/metric ton of MSW

Notes: *1: Percentage for MSW based on total waste amounts minus recycled construction wastes and
composted gardening wastes (DEPA, 2003). Percentage for household wastes also from (DEPA,
2003). Uncertainties on atm. releases +/- 60% of mean (questionnaire response from DK). *2: Releases
were unusually high in 2000; mean releases 1995-2001 was about 1/3. Release estimates are worst
case and do not take effects of emission reduction systems into account (Questionnaire response from
F1). *3: Percentage based on figures for household wastes from 2002 (Sleire, 2003). *4: Based on
(ACAP, 2004); uncertainty on waste definitions for percentage number. *5: Percentages are based on
household waste data from (RFV, 2003). *6: Based on waste data from (Durkee, 2003) and waste defi-
nitions from www.epa.org/osw. *7: The differences and uncertainties in definitions of waste categories
affect these calculations considerably. As marked in other notes, waste amounts are presented as
"MSW" (= municipal solid waste) for some countries and as "household waste" for other countries, and
even with this distinction, there may be differences in waste types included in the categories.

Time trends in mercury disposal

To evaluate the needs for mercury release reductions for society's waste treat-
ment, it is useful to consider the trends in mercury consumption versus mercury
in disposed off wastes. These data are shown for Denmark, as an example, in
figure 4-3 and table 4-8. Similar consumption trends have been observed in
USA, Sweden and Norway for example (Maag et al., 2002). Reduced mercury
consumption has been seen generally in the West and the recent mercury re-
lease inventory for Russia of this project also shows a significant decrease
(ACAP, 2004).

In such a scenario, the corresponding decrease in mercury disposal is delayed a
number of years due to product life time and time span from dysfunction of the
product till it reaches the waste treatment facilities where it can be monitored
(typically waste incineration and treatment facilities for hazardous waste). For
Denmark, the current average delay for mercury in products is about seven
years, as shown in figure 4-3. This delay varies strongly between products
however, depending on their characteristics and users; for mercury containing
alkaline button cell batteries it would only be a few years, while dental amal-
gam fillings blood pressure gauges, or fever thermometers used privately, may
work for a decade or more. Furthermore, the mercury disposal curve would be
expected to flatten out as the consumption approaches trace levels, because the
last spent mercury-containing products are only found and disposed of slowly.



Reduction of atmospheric mercury releases from Arctic countries - Arctic Mercury Releases Inventory 63

The latest findings for Denmark indicate that perhaps this "detoxification" of
taking old mercury products out of the cycling in society will continue longer
than previously expected (Skaarup ef al., 2003).

Figure 4-3 Time trends in consumption and disposal of mercury with products that
are disposed of as municipal and hazardous/medical waste in Denmark
*3 (data from Skaarup et al, 2003, see notes under for table below).
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Table 4-8 Time trends in consumption and disposal of mercury with products that

are disposed of as municipal and hazardous/medical waste in Denmark
(data from Skaarup et al, 2003)*3.

Data in metric tons Hg/year (mean of reported range; rounded) 1982/1983 1992/1993 2000/2001

Estimated Hg input to society from products and materials that con- 18 8 4

tribute to Hg in municipal and hazardous waste *q

Total outputs to Danish territory from use of products + waste and waste 8 5 4

water treatment + burial/cremation *2

Total net exports with recycled Hg and other waste products 14 7

Sum of all Hg releases/outputs from Danish society with products and 22 12

materials of types disposed of as MSW and hazardous waste

Notes: *1: Includes all consumption of intentional Hg uses + mobilisation of Hg impurities in "other mate-
rials in municipal waste" (packaging, food leftovers etc., estimated at 0.76-3.1 metric tons/year in
2000/2001). *2: Releases during use contribute with small amounts only, see table 3-6. *3: The true
time gap between consumption and disposal may deviate slightly from the shown, because estimates of
disposals are not completely independent of consumption figures, due to estimation procedures and
lack of data to minimise uncertainties on cross-checking balances.
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4.3.2 State of mercury release reductions in waste treatment in
Arctic countries

Emission reduction systems

As mentioned above, most emission reduction systems for exhaust gases from
waste incineration are not optimised for mercury retention. Part of the mer-
cury in the exhaust gas, especially gaseous elemental mercury, is not retained
well by particle filters and acidic gas retention systems. Therefore, incineration
currently result in an undesired enhanced spreading of the mercury in the waste,
rather than preventing or delaying releases to the environment. This is well
known, and has been one of the reasons for example Denmark's works on
minimising the mercury input to waste by restricting trade of products with in-
tentional mercury contents and enhancing separate waste collection. The re-
cently initiated implementation of carbon injection/carbon filters in some Arctic
countries on waste incinerators (mainly driven by dioxin reduction needs) have
the potential for improving this situation.

Though still significant, mercury releases from waste incineration has declined
during the last decades as a result of various reduction efforts as described in
this section. For example, most of the reductions in national mercury releases to
the atmosphere in the USA since the early 1990's have been made in the waste
incineration sector.

As the case is for direct landfilling of waste practised in many countries, the
part of the mercury that is retained from waste incineration with incineration
residues still needs safe deposition and careful management for centuries to
avoid unacceptable secondary releases from the residue deposits. Waste incin-
eration residues are sometimes deposited in safer deposits than general waste
due to the concentrated toxic constituents.

The situation for waste water treatment (also considered waste treatment
here) is in principle worse. Most of the mercury lead to waste water treatment
ultimately ends up directly in the environment. Even modern waste water treat-
ment plants only retain parts of mercury in the waste water (roughly about half
in Denmark), that is: a significant part is released to aquatic environments after
the treatment. The mercury that is retained ends up in the sewage sludge, of
which much is applied directly on farm land as nutrition, and therefore also
adds to the mercury pool that may affect humans and the environment (the re-
mainder is incinerated or deposited). Mercury releases to waste water appear to
be smaller than atmospheric releases in the countries which reported these data,
but even the "basic" releases from dental clinics may be worth keeping under
observation. The release estimates from Denmark indicate that this may be an
underestimated release source in the other Arctic countries. Amalgam filters for
dental clinics with very high retention rates exist and are widely used in Den-
mark and probably also in other Arctic countries, yet they are not used by all
clinics as their use is not always mandatory (regulated locally in Denmark).

Also for hazardous waste the situation as regards incinerated or deposited
waste described above applies in principle. Waste products with high mercury
contents can to some extent be collected separately to minimize their entry into
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the general waste treatment. This is done in many countries today. Generally
however, such separate collection depends on consumers'/industry's own ability
to identify these products, and their motivation to store and deliver them sepa-
rately for waste treatment. Experience has proven that such collection schemes
have some success, but that substantial parts of the disposed products are not
collected, but end up in general waste (see for example Hansen and Hansen,
2003, and Skaarup et al., 2003).

An additional aspect is the recycling of mercury from separately collected
waste with high mercury contents, including virtually pure metallic mercury
from spent manometers, barometers, switches etc. As mercury demand is fal-
ling, the desirability of mercury recycling will change due to risks of over-
saturating the market, potentially resulting in increased releases to the environ-
ment (see discussion of this aspect in the Global Mercury Assessment: UNEP,
2002). Additionally, mercury recycling plants are also sources of direct releases
to the environment. Sweden has taken the radical step of preventing collected
waste mercury from being marketed and decisions for final disposal in a high
safety deep rock mercury waste deposit is pending. Sales of mercury from US
government stocks have been suspended for similar reasons since 1994.

Reduction of mercury input to wastes

In many of the Arctic countries efforts have been made to reduce consumption
of many "non-essential" products with intentional mercury contents and some
countries also have limits to allowable mercury contents in high volume mate-
rials such as packaging which also contribute to mercury inputs to waste sys-
tems. These efforts have produced results in the form of reduced mercury re-
leases from waste treatment. Yet, the reported mercury releases from Arctic
countries indicate that these reductions may still not be enough to reach envi-
ronmentally sustainable levels.

This may have several causes. The consumption of mercury for intentional use
is still to high and can be lowered further (alternatives are available for most
product uses). The delay in disposal of mercury-containing products is long,
and even products which are not sold anymore may continue to be lead to waste
treatment for a couple of decades.

For brief, but good, overviews of trends in the release situation for waste treat-
ment in Finland, see the "Release trends" sheet in the Finnish response to the
questionnaire in appendices.

4.3.3 Options for future release reduction in waste treatment

Reductions of mercury releases from waste treatment - that is: from mercury in
products and materials - seems to be unavoidable if significant decreases in
overall mercury releases to the atmosphere (or in total) are desired.

Even in a scenario where mercury use in products was limited to the strictly
essential, the disposal of older mercury-containing products would continue for
some time - most likely at least two decades. And after that time, a certain mer-
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cury input to waste treatment would still take place due to trace level mercury
impurities in high volume materials.

Landfilling of waste with elevated mercury contents - including waste incinera-
tion residues - could impose a burden of continued landfill management and
risks of adverse environmental impacts on future generations. But as mentioned
above, provided the landfill is secured with lining to prevent ground water con-
tamination, it does not invoke immediate long-range distribution of mercury
from the waste, as waste incineration may do.

The following options could be considered:

*  Continue the pursuit of eliminating intentional mercury use where it is pos-
sible.

*  Secure that high-volume materials lead to the public waste stream do not
contain (trace) mercury concentrations above reasonable thresholds (back-
ground levels).

*  Due to the mentioned delay in disposal - and perhaps continued sales - of
mercury-containing products;

- combine mercury waste prevention with improvements in mercury re-
tention of atmospheric emission reduction systems on waste incinera-
tion plants, by adding mercury specific emission reduction steps.

- continue or improve separate collection of waste with high mercury
contents (including public awareness and collection campaigns),

- make sure to direct collected hazardous/ medical waste with mercury
to other treatment than incineration,

*  Monitor the global demand, production and recycling of mercury and con-
trol marketing of recycled mercury to prevent market overflow, and con-
sider final safe deposition, or intermediate safe publicly controlled storage
of marketable recycled mercury.

» Improve data base on actual releases of elemental mercury and methylmer-
cury from landfills/waste deposits to enhance possibilities for quantifying
and managing these releases

Denmark, Finland, Iceland, Norway and Sweden has earlier explored the possi-
bilities for common strategies for - and handling of - mercury containing wastes
in a process under the Nordic Council of Ministers (Endre et al., 1999).

4.4  Chlor-alkali production

Chlor-alkali production with mercury technology range among the moderate
size mercury release sources, as regards recorded atmospheric releases seen in
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an overview perspective for the eight Arctic countries (7 metric tons/year of
total of 157 metric tons for atmospheric releases). These releases are however
produced by relatively few plants with mercury technology, as many plants
have converted to other technologies or closed down. This means that the indi-
vidual plants are major point sources. The 5 chlor-alkali facilities emitting most
mercury in the Arctic countries released about 0.6 metric ton/year each (on av-
erage). Together, the 5 largest point sources emit about 2% of the total reported
atmospheric releases from the Arctic countries. The largest mercury releasing
point sources in each country are reported in the mercury questionnaires; see
the questionnaires in appendices for detailed information on reported point
sources.

The mercury balance for the remaining 4 mercury-based chlor-alkali production
plants in Russia is presented in table 4-9 (from ACAP, 2004).

Table 4-9 Mercury balance for chlor-alkali plants in the Russian Federation in
2002 (from ACAP, 2004).

Plant Mercury | Emissions | Discharged Un- Disposed at|Losses with

purchased, | to atmos- | to water | accounted | landfills, t | commodity
t, *1 phere, t bodies, t losses, t products, t

JSC "Kirovo-Chepetsk 15.1 0.15 0.0001 0.015 14.9 0.03

combine"

JSC "Kaustik" (Volgograd) 7.3 0.39 0.0008* 4.5 1.4 0.08

CJSC "Kaustik" "0. De 10.0 0.44 0.0001 4.2 0.007 0.02

Nora"

(Sterlitamak)

JSC "Sayanskhimplast" 70.8 0.24 No data 47.6 22.9 0.08

(Sayansk)

Total 103.2 1.22 >0.001 56.3 39.3 0.22

Notes: * to water system (ponds-evaporators). *1 Purchased mercury amounts
may differ from consumption in the year in same year due to internal mercury
stock changes.

Furthermore, a regularly encountered problem in assessing releases from these
facilities is, that their material balances do not fit and substantial mercury
amounts used cannot be accounted for by recorded emissions and disposals
(UNEP, 2002; Sznopek and Goonan, 2000; ACAP, 2004). Parts of these re-
leases may be accumulated in piping, equipment, building materials and in the
ground under and around the production plant sites, and parts may possibly be
emitted in ways that are not detected by the monitoring activities carried out.

It could be feared that many old chlor-alkali plants (including shut down plants)
are sites with severe contamination, posing great challenges and requiring large
costs when they are decommissioned or clean-up is initiated for other reasons.
These sites pose local mercury contamination risks and may possibly add to
present and future regional releases due to evaporation of mercury.
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Data on a number of shut down chlor-alkali production sites in the Russian
Federation are given in table 4-10.

Table 4-10  Mercury in soils, waste dumps and water bodies by shot down enter-
prises in the Russian Federation (from ACAP, 2004).

Plant Capacity | Commis- Shut- Approximate amount of Hg, t
for NaOH | sioning | downdate | Insoils | In dumps | In water
th. t/year date and slag- | bodies

heaps

JSC «Usolyechimpromy, 100 1970 1998 1,500 800 70

Usolye-Sibirskoye

JSC «Kaustic» «Krebs» 86 1964 1987 600 50 90

Plant Sterlitamak City

Kotlass PPF 19.6 1964 1998 30 130 30

Koryazhma, Arkhangelsk

oblast

Arkhangelsk PPF 16.4 1962 1996 25 120 25

Novodvinsk,

Arkhangelsk oblast

OAO «Kaprolaktamy, 10 1948 1982 20 60 20

dzherzhinsk, Nezhe-

gorodskaya oblast

Amursky PPF 7.4 1970 1997 18 56 15

Komsomolsk-na-Amure

Svetlogorsk PPF 1.3 1951 1993 25 11 25

Svetlogorsk, Leningrad

oblast

Total 2,218 1,227 275

Chlor-alkali production with mercury technology is considered an obsolete
technology, even by the industry it self today, and besides its contamination
problems, it drives substantial parts of the global mercury trade and recycling,
and thereby increases risks also of other mercury releases in the cycle.

The market shares for chloride produced with mercury technology have stead-
ily been decreasing during the last years due to conversions and shut-downs. In
line with OSPAR decisions, it could be considered to further stimulate conver-
sion to available mercury-free technologies, and diligent clean-up on the con-
taminated sites. See the Global Mercury Assessment (UNEP, 2002) for further
discussion of mercury use in chlor-alkali production.
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4.5 Other selected release sources

This section gives some comments additional, selected source types. A detailed
discussion of all source types is not given here. For description of other mer-
cury release sources and options for their reduction, see the Global Mercury
Assessment (UNEP, 2002).

4.5.1 Mercury contatination from gold extraction in Russia

The following paragraphs are extracts from the text of Laperdina in (ACAP,
2004). For further description, see that report.

Mercury contamination of traditional gold mining areas of Russia, as in all
gold-mining areas of the world, is very urgent and poorly known problem.
Scope of Hg contamination and its effect in different territories are not thor-
oughly investigated and require complex expensive research. However, it can
be stated with certainty, that all traditional gold mining areas shown in Figure
3.3 have different extent of mercury contamination, which is not localized as a
rule. With the introduction of the effective gold mining technologies , the same
sites of rich placer deposits were repeatedly washed up again, with subsequent
mixing of mercury-containing dredges and hydraulic monitors dumps with the
washed-out rocks, which resulted in their distribution all-over the bigger terri-
tory. The point sources include abandoned and operating tailing dumps of ex-
tracting and concentrating plants, gold-receiving offices. The industrial and
residential areas of old gold-mining enterprises are often either transferred from
the worked-out territories or gradually destroyed. Restoration and conservation
of the contaminated gold-mining sites have not been planned and carried out
earlier, therefore the destroyed tailing dumps and exhaust schliches with high
Hg content cause the severe environmental pollution. As the location of the old
placer gold mining sites can not always be found based on historical records,
the assessment of mercury contamination of the traditional gold mining areas
requires conduction of the expensive field and desk studies. The local, but iso-
lated from the gold-mining areas, sources of mercury contamination are the re-
fining plants.

In present, there are five main sources of mercury release from gold mining ac-
tivities, quantitative characteristics of which depend on deposit type and gold
reserves, duration and intensity of the deposit mining and mercury use in tech-
nological operations:

*  Atmospheric emission of Hg from dumps, tailings, contaminated soils, as
well as its washing-out and contamination of watercourses, soils, water and
terrestrial environment.

+ At present widely applied re-processing of the secondary industrial placers,
as well as processing of tailings and schlich concentrates of ore and placer
gold.

*  Continued illegal mercury use for gold-bearing concentrates and sands ex-
traction.
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*  Mining of the gold deposits with natural increased mercury concentra-
tion.

*  Refining of gold-bearing concentrates with the increased natural or indus-
trial mercury content in the refining plants.

Re-processing of secondary industrial placers

The extended re-processing of secondary industrial placers, as well as process-
ing of tailings and schlich concentrates of ore and placer gold have lead to ex-
traction of Hg buried in dumps, pits, , its conversion into the active migrating
state and release to the environment with atmospheric emissions (thermal
treatment of concentrates, mercury degassing from dumps etc.) and wastewater
discharges. The licensing agreement on mining of such placers doesn’t take
into consideration a high industrial Hg content in the processed sands, and
therefore the dissemination and extension of mercury contamination scope is
not controlled.

In spite of the currently developed and applied technologies of industrial feed-
stock processing with extraction of both gold and mercury, small scale enter-
prises with low revenues will likely to use cheaper technologies with only gold
extraction, i.e. use burning of the amalgamated gold without Hg vapors con-
densation at the final phase. In case the environmental control over licensing
and further mining of such gold- and mercury-bearing secondary industrial de-
posits is not strengthened, a half of mercury presently contained in dumps and
wastes (3,000-6,000 t) is supposed to be released gradually to the atmosphere
and water bodies.

The scarce data available indicates, that a share of secondary industrial gold for
various regions constitutes 1-5% of the total amount of the gold extracted. In
general, a share of technogenic gold in Russia can be approximately estimated
as 2-4 %, therefore the amount of secondary industrial gold extracted in 2001
may be equal to about 2,800-5,600 kg. Taking into account the average content
of gold in the industrial wastes equal to 350 mg/m’, the volume of re-processed
industrial wastes can be estimated as the following:

2,800 kg : 350 mg/m’ = 8 million m®; 5,600 kg : 350 mg/m’ = 16 million m’.

Given the amount of the re-processed industrial wastes as 8-16 mil. m* and av-
erage Hg content as 0.2-0.5 g/m’, the total share of industrial mercury in this
volume might make up from 2 to 8 t. About 15-20 % of this amount could have
been utilized using modern technologies, however the basic amount of previ-
ously accumulated industrial mercury (approx. from 1.5 to 6.5 t) could be re-
leased in 2001 in the gold-mining sites and surrounding environments.

4.5.2 Oil and gas extraction

A source type which has gained growing attention in the last years is the extrac-
tion of oil and gas. This source is generally poorly described as regards mer-
cury releases. Mercury concentrations in oil and gas extraction fields vary quite
strongly, and may be low in some countries. But for Russia, for example, the
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available data indicate that oil and gas extraction are major mercury release
sources. As described by ACAP, 2004 the fate of this mercury is not clear. Oil
and gas extraction activities may be worth more attention as regards mercury
releases, and additional compilation of mercury mobilisation and release data
on these sources may be warranted.

4.5.3 Dental amalgam

Dental amalgam is only large intentional use of mercury remaining in Den-
mark, and it constitutes significant release contributions to both waste water
and waste treatment. Also in other Arctic countries, this may be a significant
use of mercury, but it seems that it may possibly given less attention in some
countries. The alternative filling materials have gained increased market shares,
but in are still not deemed adequate for all filling types by the dental safety au-
thorities in for example Denmark and Sweden. Both countries' environmental
authorities are ready to promote full substitution when the health authorities
find available alternatives adequate.

In Sweden, to enhance the substitution, the public health subsidiary for amal-
gam fillings has been cancelled, whereas use of alternative fillings still gets fi-
nancial support. In Denmark, the situation is that both filling types get the same
subsidiary, and this enhances the use of amalgam fillings because they are
cheaper (shorter dentist working time). As regards aquatic releases, high effi-
ciency filters exist, which capture close to 100% of the mercury losses to the
drain, but these filters are not compulsory in all countries.

4.5.4 Laboratory reagents

Still, a few types of laboratory standard analyses are involving the prescribed
use of mercury compounds, COD analysis used to quantify organic substances
(oxygen demand) in waste water is an example. Relevant alternative reagents
and standard analyses are readily available, and international co-operation
would enhance possibilities for a more expedite substitution, by involving the
standardisation organisations, underlining the arguments for substitution, and
stimulating substitution through changes in the regulation and practises of na-
tional and local environmental authorities. Nitrogen analysis with the Kjeldal
method is also used in environmental control activities, and also for this analy-
sis, the public environmental authorities themselves hold the keys to mercury
substitution.

4.5.5 '"Least essential uses" elimination procedure

As a possible activity of the Arctic countries' work with a mercury strategy
framework, a process of identifying common positions on "least essential" mer-
cury uses and developing concrete, non-binding recommendation on substitu-
tion could be initiated. Even though it is well known that mercury-free alterna-
tives exist for many intentional mercury uses, a process of pointing out uses
which could be eliminated, and proposing time schedules for their elimination
according to the countries' priorities, could possibly stimulate substitution.
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Such detailed recommendations could be a concrete measure to enhance im-
plementation of the already agreed goals of elimination/reduction of "priority
hazardous substances" (OSPAR, HELCOM and EU goals). For some individual
mercury uses, such recommendations have - for example - been developed un-
der auspices of HELCOM (see
http://www.helcom.fi/recommendations/reclist.html).

Another example is the Danish mercury trade ban legislation which gives a
general trade ban and detailed lists of uses which are exempted until specific
dates, or for some uses until further notice.

4.5.6 Other mercury release sources

A number of other mercury release sources exist and are reported from the
countries to this project. A detailed description of every source can however not
be given in this report. For listing of more source types please see the Global
Mercury Assessment (UNEP, 2002) and the documents cited there (among
many others).
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5 Reported landfills of special concern

Information on mercury wastes and landfills of concern due to mercury wastes
were requested as part of the ACAP project, because these represent potential
current and future sources of mercury releases.

Only USA has reported a selection of landfills of special concern. Site informa-
tion for the Russian Federation was compiled by ACAP, 2004. The provided
information is displayed in the questionnaire response from USA and in
(ACAP, 2004) in appendices.
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6 Overview of existing action plan/strategy
elements on mercury in the Arctic
Countries

6.1 Common features of existing legislation in the
Nordic countries

The text of this section was extracted from the report "Mercury - a global pol-
lutant requiring global initiatives" from the Nordic Council of Ministers (Maag
et al., 2002). Descriptions of selected aspects of individual Nordic countries'
legislation and initiatives are given in sections 7.1.2-7.1.5 below (except for
Iceland).

The following text gives an overview of common features of the existing legis-
lation and regulation relating to mercury in the Nordic countries and in the
European Union, of which Denmark, Finland and Sweden are members®. Other
national measures, such as subsidies financing substitution efforts and volun-
tary agreements with industry or users of mercury, are not described here,
though the efficiency of such measures may in some cases be significant. For
examples of national regulation complexes with relevance to mercury, see the
descriptions of Sweden and USA in sections 6.1.2 and 6.2, respectively.

It should be noted that some variation within the presented themes does exist
between the Nordic countries. Among other things, this applies to the types of
products with sales prohibitions and policy regarding the final disposal of mer-
cury wastes. The main features of such legislation — more restrictive than the
general — are presented in detail below.

The overall aim of the legislation on mercury is to prevent or reduce the release
of mercury to the environment as well as direct and indirect impacts on human
health. As shown, the existing types of legislation relate to most of the phases
in the lifecycle of mercury products and processes (one of the exceptions is
primary production of mercury).

The legislation related to the production, marketing and use of mercury and
mercury-containing products are specific to mercury in some cases, whereas the

* Sweden, Finland and Denmark are EU members. Iceland and Norway are not EU mem-
bers. They are part of the EFTA-agreement with the EU.
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legislation and regulation on emissions and the disposal of wastes are usually
more general, and often include other heavy metals and specific inorganic and
organic pollutants.

The legislation on mercury in the Nordic countries and the European Union in
general lie within the following common categories:

Mercury in products

Legislation preventing certain products containing mercury from being mar-
keted nationally (in some cases including exports) — for instance batteries, cos-
metics and pesticides. For some products the actual use of the products is also
prohibited (specific pesticide/biocide applications). More details about product
legislation are given below.

Mercury impurities in bulk materials

Legislation setting limits to allowed contents of mercury present as impurities
in bulk consumption materials. This follows, among others, the EU packaging
directive (EU, 1994), which is aimed at enhancing packaging materials recy-
cling/energy recovery and limiting the flow of heavy metals to waste treatment
and resulting environmental releases (among other aims).

Industrial point sources - control and "BAT"

Legislation prescribing maximum allowable releases of mercury (and other pol-
lutants) from industrial facilities to the environment (air, water and
soil/groundwater). These sources of mercury to the environment are generally
termed "point sources". Often, the releases from such point sources are regu-
lated individually on a basis of national standards or guidelines. For certain
types of potentially heavily polluting industries — for instance chlor-alkali in-
dustry — such legislation can also prescribe the use of specific less polluting
production- and pollution prevention technologies (designated "best available
techniques" - BAT, according to the so-called IPPC directive (EU, 1996).

Separate waste collection

Legislation prescribing separate collection and waste treatment of products and
process waste containing mercury — for instance batteries, fluorescent light
tubes and dental amalgam filter residues. The aim of such legislation is to pre-
vent or minimise the diffuse spreading of mercury-containing products and
prevent dumping of process waste in the environment, as well as limiting the
amounts of mercury-containing waste in the general household waste stream
(where it causes significant mercury emissions and increases waste treatment
costs).

Waste incineration emissions

Legislation prescribing maximum allowable releases of a number of pollutants
from incineration facilities for household and hazardous wastes, respectively, to
the atmosphere and wastewater, as well as specification for the depositing of
solid incineration residues. Indirectly, such legislation can dictate the use of a
limited number of emission control technologies, which are capable of comply-
ing with the emission requirements. The Nordic countries have extensive ex-
haust gas filtering on almost all waste incineration facilities (hazardous, medi-
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cal and household waste), holding back a major part of the otherwise emitted
mercury.

Use of solid incineration residues

Legislation prescribing maximum allowable concentrations of mercury (and
some other pollutants) in ashes and slag from waste incineration and fossil fuel
combustion used for construction purposes (roads etc.), as well as in wastewa-
ter sludge used as fertiliser on agricultural land.

Releases to wastewater system

Legislation preventing or limiting the release of mercury from processes to the
wastewater system in order to limit releases to the water recipient, to permit the
use of sludge as fertiliser on agricultural land, and to reduce treatment costs.
For instance mandatory use of amalgam separators in dentist clinics and cleaner
technology or pre-treatment in industrial facilities.

User safety
Regulation prescribing aspects of user safety in the working environment and
for private consumers (toys and certain chemical preparations).

Information sources: Nystrom (2001), Norwegian Pollution Control Authority
(2001), Einarsson (2001), KEMI (1998), von Rein and Hylander (2000),
Retsinformation (2001), OSPAR (2000c), European Commission (1998), EUR-
Lex (2001).

6.1.2 Sweden

(Selected aspects extracted from UNEP, 2002; for general features see section
6.1).

Risk reduction of mercury has been an item of high priority in Sweden since
the 1960’s. In the early 1990’s it was concluded that the substantial reduction
of mercury releases achieved at point sources would not be sufficient to reduce
the environmental load beyond critical levels. It was estimated that mercury
content in fish in about 40,000 lakes (i.e. about half of the Swedish lakes) ex-
ceeded the limit value of 0.5 mg/kg recommended by the FAO/WHO Codex
Alimentarius Commission. In the Government Bill 1990:91/90 “En god livs-
miljo” (A living environment), a numerous set of legislative and voluntary ac-
tions were proposed, with the ultimate aim of a total phase-out of mercury use.
Since then, the set of actions has several times been re-approved and strength-
ened in various government bills and parliament decisions.

Table 9.2 presents some of the major initiatives on mercury use that have been
implemented in Sweden as a result of the 1990 overall goal of total phase-out
of mercury. It should be noted that Sweden is a Member State of the European
Community since 1 January 1995, and is required to implement all Community
legislation that applies to mercury, as described in the section on the European
Community. However, some of the measures taken in Sweden exceed this leg-
islation.
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Table 6-1 Major initiatives on mercury use in Sweden, as reported by Sweden.

Year Source Major initiatives on mercury use in Sweden

1979 Dental releases There is a voluntary agreement in Sweden since 1979, which requires that all dental clinics are equipped
with amalgam separators.

1979 Seed dressings The use of mercury-containing seed dressings is banned (SFS 1979:349).

1985 Biocides Import, sale, transfer and use of mercury and mercury compounds as biocides are not approved (SFS
1985:836).

1990 Goal setting - Government Bill 1990:91/90 proposed a numerous set of legislative and voluntary actions, with the ulti-

phase-out mate aim of a total phase-out of mercury use.

1991 Dental amalgam | The overall goal of a phase-out of mercury also included dental amalgam. This lead to a voluntary re-
duction of new amalgam fillings in children’s teeth from 30 to 1.5 percent between 1991 and 1995. The
use in adult’s teeth decreased from 32 to 15 %. Since then, total annual sale of mercury in amalgam has
levelled off. A further decrease of mercury in fillings for children and teenagers is expected, as a pre-
cautionary measure to minimise the exposure of these groups to metal mercury vapour. Dental care
compensation ceased to be paid for amalgam fillings in 1999, which has made it more expensive to use
amalgam. Although it is still slightly cheaper for most patients to use amalgam than alternative materials,
the changed price structure should lead to an additional reduction in use of amalgam.

1992 Clinical The import, professional manufacture and sale of clinical mercury thermometers were prohibited from 1

thermometers January 1992.

1992 Export of waste Export of mercury waste and products containing mercury was banned.

1993 Thermometers, Professional manufacture, import and sale of thermometers, level switches, pressure switches, thermo-
measuring in- stats, relays, electrical contacts and other measuring instruments has been banned since 1993. (Ordi-
struments and nance 1991:1290) Some exemptions, mainly for spare parts, still exist. (Ordinance 1998:944). Time-
electrical equip- schedule for phase-out is stipulated for each exemption. (Regulation 1998:8)
ment

1993 Goal setting — Government Bill 1993/94:163 set a goal of phase-out of mercury and mercury-containing products by the
timing of phase- | year 2000. When entering the next century, mercury should be offered for sale only in vital products and
out for uses to which no alternative techniques are known or fully developed.

1998 Batteries The European Community battery directive that also applies in Sweden was amended in 1998. Batteries
with mercury content in excess of 0.0005 % by weight are defined as dangerous for the environment and
may not be marketed as such or incorporated into appliances. Button cells with a mercury content of no
more than 2 % by weight are exempted. The new rules mean that mercury oxide batteries may no
longer be sold — such batteries accounted for 700 of the 800 kg of mercury in batteries in 1997. The new
rules have led to a sharp reduction in sold quantities of mercury in batteries - in 1999, the amount of
mercury in batteries sold is estimated to approximately 100 kg.

1998 Sewage sludge In Ordinance 1998:944 the contents of heavy metals in sewage is regulated in cases where sewage
sludge is sold or conveyed for agricultural purposes. Regulations for when, where and how much sludge
may be used in agriculture are found in SNFS 1994:2 (changed SNFS 1998:4). At present the maximum
content of mercury allowed in sludge is 2.5 mg/kg DM (dry matter) and the maximum application is 1.5
g/hectare and year.

1998 Export of In line with the strict Swedish mercury policy, as of 1 January 1999 metal mercury and chemical com-

mercury pounds and preparations containing mercury may not be exported (Ordinance 1998:944).
2000 New products Bill 2000/01:65, Chemical Strategy for a Non-Toxic Environment requires that new goods put on the

containing mer-
cury

Production
processes

market should be, as far as possible, free from mercury by 2003, at the latest.

Also, mercury should not be used in production processes, unless the producer can prove that neither
human health nor the environment would be harmed.
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Additional measures and initiatives under consideration in Sweden
Chlor-alkali industry - There are two chlor-alkali plants in Sweden that still
use the amalgam process. The more environmentally friendly membrane proc-
ess is used at one site. In line with OSPAR Decision 90/3, the Swedish gov-
ernment has in several bills stated that the amalgam process should be out of
use by 2010. To further assure the realisation of this object on the national
level, the Swedish government is considering the inclusion of a ban in Ordi-
nance 1998:944.

Waste products - As far as waste disposal is concerned, there are separate col-
lection systems and already existing efforts for the collection of batteries, fluo-
rescent lamps, amalgam waste etc. Collected batteries are currently stored
awaiting the decision on pre-treatment before it is put in a terminal storage fa-
cility for mercury.

Dental amalgam — The overall goal to a complete phase out of mercury also
includes dental amalgam. The consumption of mercury for dental use has de-
creased significantly after a policy decision by the Parliament in 1994 to phase
out the use of dental amalgam. Up to now dental amalgam has been subject
primarily to voluntary phasing out measures in Sweden. A voluntary agreement
not to use amalgam fillings in the teeth of children and youth up to nineteen has
resulted in an almost complete phase out. The Swedish Government is conti-
nously investigating further possibilities to reduce the use of dental amalgam.

Laboratory chemicals - Mercury-containing chemicals for analysis and re-
agents are mainly used in the environmental control, by its use of mercury sul-
phate in COD (chemical oxygen consumption) analyses. Information activities
have not been effective to phase-out this particular use. The Swedish govern-
ment is therefore considering an amendment of Ordinance 1998:944, by which
the use of mercury in chemicals for analysis and reagents would be banned
from 1 January 2004.

Lighting - There is at present no commercially available, mercury free alterna-
tive to linear fluorescent lamps and compacts fluorescent lamps. In order to
minimise the environmental impacts from the use of mercury in these products,
maximum permitted mercury contents should preferably be established. Such
regulations will most likely be introduced in the coming EC Directive on Re-
strictions of Hazardous Substances in electric and electronic equipment.

Collection of used products and goods - Recognising that mercury releases
from products in use or forgotten "on the user's shelves" would continue for
many years, the Government developed an action programme for a more effec-
tive and comprehensive collection of used products and goods containing mer-
cury. The action programme included projects dealing with the collection of
clinical thermometers, inventories and collection of mercury at different places,
clearing out of mercury in schools, universities and colleges and providing in-
formation and raising awareness. In projects for the collection of mercury
thermometers, economic incentives were used to invite household to turn in
their mercury thermometers. Another project consisted of the identification of
hidden “technical” mercury in technical goods and products within about 70
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industries. The work involved tracking mercury with the world’s first mercury
dogs.

A total of 10-11 metric tons of mercury have been identified through the action
programme, 6-7 of which have been collected and 3.5-4 of which have been
labelled for proper disposal once it is not in use anymore. The Government
estimates that there are still a number of metric tons of mercury in industry
(technical goods, stored metal mercury, etc.), in households (for example in
thermometers, antique barometers, doorbells, etc.), in agriculture (old and
stored pesticides) and in pipes in the sewage system, especially in pipes from
old dental clinics.

Final disposal of mercury - Mercury is a substance that remains a threat to
human health and the environment in perpetuity, and for this reason it should
not be recycled. Instead, mercury-containing waste must be dealt with perma-
nently in a safe and environmentally acceptable way. In a report to the Gov-
ernment, the Swedish Environmental Protection Agency in 1997 proposed ter-
minal storage of waste containing mercury in a deep rock facility. A govern-
mental committee has recently submitted its final report on how to dispose
waste containing more than 0.1 percent (by weight) of mercury. It is proposed
that a mandatory requirement for permanent storage deep down in rock should
be in force within five years.

6.1.3 Denmark

In Denmark intentional mercury use has been reduced from an estimated 15-17
metric tons/year in 1982/83 to 6-7 tons in 1992/93 and 1.3-1.9 metric tons/year
in 2000/2001 - about 10% of the 1982/83 level. In the same period atmospheric
releases have been reduced from a reported 4.1-6.9 metric tons/year in 1982/83
to 0.8-2 tons/year in 2001 (Skaarup et al., 2003).

(Below: Selected aspects extracted from Maag et al., 2002; for general features
see section 6.1).

Also in Denmark there has been a general ban on the sales of mercury and mer-
cury-containing products since 1994. The legislation exceeds general EU legis-
lation. As from 1998, the order explicitly includes exports also (Statutory order
no. 692 of September 22, 1998). Some distinct uses are exempted with specific
expiring dates or until further notice (respectively). The causes for the current
exemptions are lack of adequate alternatives, avoidance of trade barriers within
the European Union, measurement/analyses standards prescribing mercury-use
(reactants or instruments), or use for calibration of non-mercury measurement
instruments. The Danish statutory order includes banning of imported equip-
ment with mercury-containing components. Dental amalgam is allowed only in
molar teeth, where the filling is worn, until further notice. Only a few specified
uses of mercury chemicals for analyses and catalyse are allowed.

The efficiency of the Danish mercury ban has been evaluated thoroughly re-
cently, and the annual 2000/2001 consumption with products has been reduced
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to about 25% of the consumption in 1992/1993, before the ban was brought
into force (Skaarup et al., 2003).

Batteries are regulated separately implementing the EU battery directive and its
amendments. Also Denmark has decided to change the battery collection sys-
tem, so that all batteries, irrespective of heavy metal content, will be collected
in order to get higher collection rates for the environmentally harmful types.
Earlier, only the particular types containing heavy metals were collected. The
necessary changes in the collection set-up is currently under consideration.

Denmark is ready to ban the remaining use of dental amalgam, whenever the
Danish National Board of Health deems that the alternatives have the full sub-
stitution capacities (Danish E.P.A., 2001).

6.1.4 Finland

(Selected aspects extracted from the "release trends" sheet of Finland's response
to the mercury questionnaire of this study, for general features see section 6.1).

Use/source of mercury
releases

Background in brief
(for references see Finland's questionnaire response in appendices)

Mercury mobilised by
primary extraction and
processing of zinc

Emissions to air have decreased remarkable during last years. The process capturing Hg is understood to be
very efficient. (Source: Finnish Environment Institute, VAHTI-database)

Mercury mobilised by
primary extraction and
processing of copper

Emissions to air have remarkably decreased e.g. from the beginning of 1990s. Like in various primary metal
production processes, concentrations and releases of Hg depend on Hg in ore concentrates. These concen-
trates are bought from various places in the world, depending on market prices and concentrations of metal in
ores & amounts of ores in various mines. In the long run: radical changes in concentration & production tech-
nologies of copper & nickel? Their meaning? - In 1995, nickel production process has been modified to the
direct high-grade nickel matte flash smelting process. Source: Mukherjee et al: Assessment of atmospheric
mercury emissions in Finland. The Science of the Total Environment 259 (2000) 73 - 83.

Mercury in batteries

In 1999 came restrictions on Hg in batteries. However, no quantitative information was recognized.

Mercury thermometers

Decreased during 1990's, because people and sellers have been environmentally aware, and availability (&
price) of digital thermometers has got better.

Mercury in manome-
ters, blood pressure
gauges and in educa-
tion

Probably decreasing. However, no statistically representative information was recognized. In hospital use, old-
fashioned blood pressure gauges are still used, however, automatic digital blood pressure gauges are avail-
able and are assumed to be popular in household use, and in some official use, too.

Mercury used in light
sources

No statistically representative information on progress. Collection of light sources has developed during years,
and people are well aware of Hg in fluorescence tubes. However, the use of fluorescence tubes is estimated to
have increased in general.

Mercury outputs from
incinera-
tion/combustion of
municipal/general
waste

In general, Hg emissions from mass incineration of municipal solid waste have decreased from the beginning
of 1990s. However, combustion of household waste is increasing, but mass combustion is not the preferred
technology. Incinerated house hold waste is typically source separated. A developing and incoming technique
is gasification of waste, followed by cleaning of gas and incineration of product gas typically in major power
plants. Production of REF (recycled refuse fuel) and RDF(refuse derived fuel) is slowly increasing between
2000 - 2010, partly burned in major power stations, partly gasified and burned in major power stations (due to
measurement requirements it is too expensive to burn REF/RDF at small power plants). No information so far
on the basically opposed trends (Hg concentration in municipal waste/REF/RDF probably decreas-
ing/combustion of REF/RDF increasing). Notice: standardized quality criterias for REF available (SFS 5875). It
is estimated (TEKES teknologiaohjelmaraportti 14/2003) that amount of REF in future could be 1 Mt/a (without
sludges and process wastes). It is suggested that the quality of REF in industry and commerce is of high qual-
ity, but heavy metals can be a problem with household REF making utilization of fly dust difficult. Most of mu-
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nicipal wastewater sludges are still landfilled, basically none is combustioned. In future at least 70 % will be
utilized, however, mostly in soil construction and as fertilizer, possibly combustioned. However, strictening
emission/monitoring regulations does not promote combustioning ? Combustion with REF possible, and eco-
nomically the best possibility is to combine combustion of various sludges, wastes in big industrial/municipal
power plants, drying of sludge typically required. Most of sludges from forest industry already combustioned
(70 %), only partly landfilled, some will be used in production of land/landfill construction materials ("fiber-
clays"). Ash content of forest industry biosludges creates a need for appropriate solutions in combustion. In
general, amount of sludges will increase, dispite of the fact that wastewater treatment is already general and
efficient, for example, 85 % of MWWTPs use biological/chemical process. In forest industry, the landfilling of
sludge will decrease relatively rapidly. Recycling of some forest industry's ashes will increase: use of ashes as
fertilizers, use in paper industry as filler, and use in soil construction.

Mercury outputs from
incinera-
tion/combustion of
hazardous/medical
waste

Emissions from major hazardous waste incineration plant have decreased remarkably during all the 1990s.
(Source: Finnish Environment Institute, VAHTI-database) Agricultural risk waste (BSE/TSE and other infected
material), approx. 10 000 t will be incinerated in addition to treatment of risk waste at special treatment plants.
Some risk waste is stored in lack of appropriate treatment. (Source: Elainjatestrategia vuoteen 2007.
Tyoéryhmamuistio MMM 2002:17. Helsinki 2002)

Mercury in land-
fills/deposits

Probably decreasing. In general, amount of Hg in household waste has decresead due to restrictions on mer-
curic oxide batteries. Collection of batteries is getting better, and amount of Hg has decreased, for example, in
incineration of municipal wastes. Other issues will influence to emissions of Hg, too. All new landfills have to
fulfill requirements mentioned in the EU directive on landfills. All existing landfills has to meet these require-
ments in 2007. It is assumed that Hg emissions via (collected) leaching waters will decrease due to improving
treatment technologies. However, biological waste will not be landfilled in future, and amount of waste inciner-
ated/gasificated will grow, and possibly release Hg into air. It is possible that collection & incineration of landfill
gases will enforce biodegradation at existing landfills and increase Hg emissions to air? Amount of in municipal
wastes will probably decrease due to enhanced collection of electric, electronic waste, batteries etc. Probably
decreasing. Probably partly treated, but infiltration to soil will possibly continue for a while. Existing landfills will
be better covered.

Mercury outputs from
waste water systems

Amounts of mercury in wastewater decreased, quantitative information available concerning wastewater
sludges. Municipal environmental authorities watch after operations possibly releasing Hg, and emissions of
Hg in water and wastewater need an environmental permission. The most crucial change has probably been
legislation on Hg capturing equipment at dentists' offices.

Mercury outputs from
recycling of mercury
from waste

Probably decreasing. No statistically representative quantitative information available. In general, it is probable
that Hg containing waste has been decreased, but collection systems and environmental awareness has got
better. Mercury wastes are typically collected and treated in appropriate ways.

Mercury releases from
recycling of other met-
als and materials

Electric and electronic waste already better collected for recycling. Dispose at landfills will be denied. Typical
treatment will be (possible separation of hazardous parts by hand) crushing, separation of materials and incin-
eration of hazardous/burning material at hazardous waste treatment plant capturing metals for reuse. Com-
posting of biologic household waste increasing.

6.1.5 Norway

(Selected aspects extracted from the appendix "Overview of existing and future
national actions, including legislation, relevant to mercury" to UNEP, 2002; for
general features see section 6.1).

Air and water point sources - The Norwegian industrial plants have emission
limits for mercury in their permits followed up by normal procedures for con-
trol by the authorities (textile, paper, chemical, cement and metal industry).
New stringent emission limits for the most important point sources, waste-
incinerators, ferromanganese and siliconmanganese smelters are in place.
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Chlor-alkali production — The Norwegian chlor-alkali plants have changed
from mercury-cell technology to diaphragm and membrane technology.

Crematoria - A separate regulation for crematoria is expected to be in place by
year 2002.

Dental sector - It is prohibited to release wastewater and waste containing
amalgam from dental clinics. Dental clinics are obligated to have separate col-
lection of amalgam waste and amalgam separators to prevent discharges of
mercury from wastewater. The amalgam sludge and waste are to be delivered to
an authorized facility for hazardous waste. Currently, Norway is developing a
directive on the use of dental filling materials, which will encourage dentists to
reduce the use of amalgam as much as possible. The directive is expected to
take effect 1 January 2003.

Ferromanganese production - To fulfil the obligations in their permits three
ferromanganese plants in Norway have chosen to install mercury abatement
facilities. The plants have chosen two different technologies. These are to our
knowledge the first mercury treatment facilities for this industrial sector in the
world. The mercury abatement facilities in the Ferromanganese smelters require
good dust removal. This means that the plants also must add an improved dust
filter and this will give a substantial reduction of other heavy metals as well. A
new treatment unit for removal of mercury from the off-gas was installed at one
of the plants in April 2000. The mercury content of the cleaned off-gas from the
treatment unit is monitored continuously. Approximately 80 % treatment effi-
ciency with respect to mercury was achieved during the first year of operation.
Several technical problems were encountered over this period, but most of them
have now been solved. It is anticipated that the treatment efficiency can be fur-
ther improved when more experience is gained with the process. The other two
plants use abatement facilities with another type of technology. The abatement
facilities on these plants will be operating in September 2001 and the effective-
ness of these facilities will be considered later on. The cost for all three plants
is estimated to 75 mill NOK/8.3 mill USD. In addition there will be increased
operational costs.

Gas and petroleum processing - Offshore activities: Measures to reduce
mercury releases from offshore activities are in progress through a project fo-
cusing on how to minimise the discharges of produced water. The project is
based on collaboration between authorities and industry.

Gold-mining - There is no gold mining in Norway.

Sewage sludge - There are legislations prescribing maximum allowable con-
centrations of mercury in wastewater sludge used as fertiliser on agricultural
land (3 mg/kg total residue) and on other areas (5 mg/kg total residue). It is not
allowed to use wastewater sludge on agricultural land with soil containing more
than 1 mg/kg total residue.

Waste treatment including incineration - Generally hazardous waste contain-
ing mercury is disposed off in an authorized treatment plant. A smaller part of
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organic hazardous waste containing mercury is pre-treated at the plant before
incinerated in an authorized incineration facility for hazardous wastes. Waste
containing more than 0.25 % mercury are treated in accordance with the legis-
lation for hazardous waste. The legislation prescribe separate collection and
environmental sound waste treatment of products and process waste containing
mercury — for instance batteries, electric articles, fluorescent light tubes and
dental amalgam filter residues.

The regulation on incineration of hazardous wastes restricts the concentration
of mercury in air emissions not to exceed 0.05 mg/m’ from new facilities and
0.1 mg/m’ from existing facilities. The release of mercury from incineration
plants for medical and household wastes is restricted by specified emission lim-
its in their permits. All municipal incineration plants with permits newer than
1994 have 0.03 mg/Nm’ mercury as emission limit. This stringent limit will be
in force from 01.01.03 for new facilities incinerating medical and hazardous
wastes. Before 01.01.2006 this limit will be in force for all existing incinera-
tors. The new limits are more stringent than in EU. Mercury is a priority sub-
stance in Norway because of its high levels in the environment and population
in Norway and its severe properties.

From 1.1.2003 ashes and slag will be on the new European waste list and be
considered hazardous waste if it contains hazardous substances. For mercury
the limit is as mentioned before 0.25 %.

6.2 United States of America

In the USA intentional mercury use has been reduced by more than 70% since
the 1980's. Reported atmospheric releases in the USA has been reduced from
191 metric tons/year in 1990 (210 short tons) to 107 metric tons/year in 1999.

Please note that the description here of U.S. activities on mercury addresses
only various major activities by the U.S. government. There are many other
activities being conducted by the U.S. at all levels, i.e., other Federal agencies,
state governments and tribal organizations.

The United States has been actively addressing the risks posed by exposure to
mercury for many years, both through implementation of regulatory activities
and voluntary reduction programmes. For example, already in 1991 the
USEPA initiated the "33/50 Program", a special programme to help reduce re-
leases of mercury and 16 other toxic substances into the environment. The goal
of the programme was to encourage companies to commit to voluntarily reduce
their releases of some or all of these toxics by 33 percent by 1992, and 50 per-
cent by 1995. As a result, between 1988 and 1991 environmental releases of
mercury were reduced by 38 percent and transfers of mercury for off-site treat-
ment or disposal were reduced by 30 percent (OECD, 1995).

Understanding the characteristics and magnitude of mercury releases is critical
to the design of effective risk management strategies. The Clean Air Act, as
amended in 1990, required USEPA to prepare an assessment of the magnitude
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of USA mercury emissions by source, the health and environmental effects of
the emissions, and the cost and availability of control technologies. The result-
ing report, Mercury Study Report to Congress, was published in December
1997. As the state-of-the-science for mercury is continuously and rapidly
evolving, it represents a “snapshot” of current understanding of mercury in the
USA. The report is a comprehensive document consisting of eight volumes.

The USEPA’s Office of Research and Development (ORD) in September 2000
published its Mercury Research Strategy, intended to guide the mercury re-
search programme through 2005. The Strategy identifies the key scientific
questions of greatest importance to the Agency, and then describes a research
programme to answer those questions. The goal in addressing the questions is
to reduce scientific uncertainties limiting USEPA's ability to assess and manage
mercury and methylmercury risks. An integral part of the strategy involves
study of the atmospheric mercury transport, transformation and fate.

Mercury roadmap
The USEPA is now preparing a Mercury Roadmap that will outline the
Agency's strategy for addressing mercury over the next several years.

Ongoing and planned actions to reduce mercury pollution in the United
States

The United States’ approach to designing effective risk management strategies
for mercury comprise both specific regulatory limits on releases and voluntary
efforts with industry to reduce mercury use, implemented by a number of agen-
cies at both federal and state levels. The most important are summarized be-
low.

Stockpiles of mercury — The United States government maintains a supply of
mercury as part of the National Defence Stockpile, established at the end of
World War I to maintain adequate supplies of materials deemed critical to na-
tional defense. The Defense Logistics Agency (DLA), a unit of the Department
of Defense, manages the stockpile. The Strategic and Critical Materials Stock-
pile Act regulates mercury that the DLA sells from the national stockpile. In
July 1994, DLA suspended future mercury sales pending analysis of the envi-
ronmental consequences. An Environmental Impact Statement to determine the
disposition of the stockpile was completed in April, 2004. In the meantime, a
complete review of the four facilities across the USA currently storing its mer-
cury and inspection of all the mercury containing flasks to ensure proper and
safe storage is being undertaken. The US Department of Defence announced
that it's “preferred option” is consolidated storage of its mercury at one location
for at least a 40-year period.

Water point sources - Mercury is listed as a toxic pollutant under the Clean
Water Act. The Clean Water Act regulations specify technology-based effluent
limits for mercury discharges from different industries, and describe the cir-
cumstances in which states may require effluent limits or monitoring require-
ments more stringent than technology-based standards. States must set water
quality standards for pollutants including mercury. The Clean Water Act relies
on a permit system, known as the National Pollutant Discharge Elimination
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System to regulate direct discharges to surface water bodies. Facilities are as-
signed a specific mercury discharge limit, and/or are required to monitor their
discharge for mercury. Facilities report actual discharge levels in Discharge
Monitoring Reports, which serve as the basis for determining compliance. A
large number of industry point sources are covered, such as chlor-alkali, steam
electric power generation, battery manufacturing etc.

Air point sources - Mercury and mercury compounds are considered Hazard-
ous Air Pollutants (HAPs) under the Clean Air Act. USEPA established Na-
tional Emission Standards for Hazardous Air Pollutants (NESHAPs) for mer-
cury emissions based on risk under the pre-1990 version of the Clean Air Act.
Under the Clean Air Act Amendments of 1990 USEPA regulates Hazardous
Air Pollutant Emissions by source categories using Maximum Achievable Con-
trol Technology (MACT) standards for each "major source" in any listed source
category. The MACT floor for new sources is the level of HAP emissions con-
trol currently achieved by the best-controlled similar source. The MACT floor
for existing sources is the average level of HAP emissions control achieved by
the top 12 percent of the currently operating sources.

Chlor-alkali industry - In August 2003, EPA promulgated a rule that limits
mercury emissions from plants that produce chlorine using the mercury-cell
method. The rule includes emissions limits based on maximum achievable con-
trol technology (MACT) and on stringent management practices. EPA esti-
mates that this regulation will reduce stack emissions by 1,500 pounds, or 74 %
from current levels, in addition to unquantifiable reductions in fugitive emis-
sions expected as a result of improved work practice standards. This standard
does not allow any new chlor-alkali mercury cell facilities to be built
(http://www.epa.gov/ttn/atw/hgcellcl/hgcellclpg.html). The last USA mercury
cell based factory was built in 1970.

In addition, as a voluntary measure, the Chlorine Institute, on behalf of USA
mercury cell chlor-alkali facilities, committed in 1997 to reduce mercury use 50
percent by 2005 and to report annually on progress. In July 2004, the Chlorine
Institute provided its seventh annual report, which indicated that mercury con-
sumption by US chlor-alkali factories has declined by 76 percent over an eight
year period, or a 69 percent reduction after adjusting for shut down facilities.
This is a decline from 160 tons per year (during a baseline period of 1990-
1995) to 30 tons during 2001. Chlorine Institute progress reports to the USEPA
may be found at:

"http://www.epa.gov/Region5/air/mercury/reducing. html#heavy%20industry".

Energy production — The largest anthropogenic source of mercury emissions
in the USA is currently coal-fired power plants. Utility steam generating
sources were subject to special study and required a determination by the U.S.
EPA as to whether regulation is necessary. In December 2000, USEPA released
its Regulatory Finding on the Emissions of Hazardous Air Pollutants from
Electric Utility Steam Generating Units. The Agency concluded that regulation
of HAPs from coal- and oil-fired electric (but not natural gas-fired) utility
steam generating units is indeed necessary, and that mercury is the air toxic of
most serious concern. On January 30, 2004, the U.S. EPA proposed alternative
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approaches to regulating mercury from coal-fired power plants. Under one ap-
proach, national emissions standards for hazardous air pollutants would be es-
tablished under section 112 of the Clean Air Act. Under the other approach,
EPA would withdraw its December 2000 determination and establish standards
of performance for electric utility steam generating units based on a market-
based cap-and-trade methodology. USEPA expects to issue a final rule by
March 15, 2005. The proposed emissions standards would regulate mercury air
emissions from new and existing coal-fired electric utility steam generating
units, and nickel air emissions from new and existing oil-fired electric utility
steam generating units.

Waste treatment including incineration - Prior to 1995, municipal waste
combustors and medical waste incinerators were the largest identifiable source
of mercury emissions to the atmosphere. Regulations which have been finalized
for municipal waste combustors and medical waste incinerators will, when fully
implemented, reduce emissions from these source categories by an additional
90 percent over 1995 levels.

As a voluntary measure, USEPA and the American Hospital Association in
1998 signed a memorandum of understanding committing to work together to
significantly cut hospital wastes by 2005. The agreement envisions the virtual
elimination of mercury-containing hospital wastes and a one-third reduction in
total hospital wastes by 2005.

In December 1995, the USEPA finalized New Source Performance Standards
(NSPSs) and Emission Guidelines (EGs) applicable to municipal waste com-
bustor (MWC) units with a capacity greater than 227 metric tons per day (i.e.
large MWCs). The mercury air emissions standard for new and existing
MWoCs is 0.08 milligrams per day standard cubic meter (mg/dscm) at 7 percent
oxygen (7 percent O,). All 167 large MWCs that are subject to the regulations
that came into compliance by December 2000 and mercury emissions (based on
year 2000 stack test compliance data) from this source category have been re-
duced by about 95 percent form 1990 levels. The typical performance level
was 0.02 mg/dscm. A companion rule (NSPSs and EGs) for a small MWC unit
(32 to 227 metric tons per day) was adopted in December 2000 with retrofit
required by December 2005. The same mercury emissions limits apply and the
same control technology is expected to be used.

Since 1997, mercury emissions from medical waste incinerators have been lim-
ited by a USEPA regulation that sets strict standards for new sources and that
requires existing sources to reduce emissions by 93 to 95 percent. The regula-
tions also require training and qualification of operators, incorporate siting re-
quirements, specify testing and monitoring requirements to demonstrate com-
pliance with the emission limits, and establish reporting and record keeping
requirements.

Several states, including New York, California and Texas have adopted rela-
tively stringent regulations in the past few years limiting emissions from medi-
cal waste incinerators. The implementation of these regulations has brought
about very large reductions in emissions of mercury in those states. It has also
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significantly reshaped how medical waste is managed in those states. Many fa-
cilities have responded to state regulations by switching to other medical waste
treatment and disposal options to avoid the cost of add-on pollution control
equipment. The two most commonly chosen alternatives have been off-site
contract disposal in larger commercial incinerators and on-site treatment by
other means (e.g., steam autoclaving).

Hazardous waste incinerators — On February 14, 2002, USEPA promulgated
interim emission standards for hazardous waste incinerators, hazardous waste
burning cement kilns, and hazardous waste burning lightweight aggregate kilns
under joint authority of the Clean Air Act and Resource Conservation and Re-
covery Act (RCRA). The standards limit emissions of chlorinated dioxins and
furans, other toxic organic compounds, toxic metals (including mercury), hy-
drochloric acid, chlorine gas, and particulate matter. USEPA will issue final
standards for these three categories of hazardous waste burning facilities by
2005; in addition, the Agency will develop emission standards for hazardous
waste burning industrial boilers and hydrochloric production facilities.

Waste disposal — The RCRA regulations outline specific classification and
disposal requirements for products and wastes that contain mercury. RCRA
regulations are waste-specific, not source-specific, and thus may apply to any
facility that generates mercury-containing wastes. RCRA regulations describe
specific disposal requirements for individual wastes. All mercury-bearing
wastes are subject to land disposal restrictions. That is, the mercury concentra-
tion in these wastes must be below the regulatory concentration level before the
wastes may be land-disposed. For some types of waste, the regulations require
a specific treatment, such as recovery of the mercury or incineration. In other
cases, only a maximum mercury concentration is required, and any treatment
method may be used.

RCRA regulations also influence product disposal and recycling options for
mercury containing products. Discarded products considered hazardous wastes
are subject to storage, transportation, and permitting requirements. Currently,
thermostats and fluorescent lamps are included in a "universal waste rule" that
eases RCRA restrictions on hazardous waste management and enables states to
set up special collection programmes. USEPA issued the universal waste rule
(UWR) in 1995. It is designed to reduce the amount of hazardous waste in the
municipal solid waste stream, encourage the recycling and proper disposal of
some common hazardous wastes, and reduce the regulatory burden on busi-
nesses that generate these wastes. Universal wastes are items commonly thrown
into the trash by households and small businesses. Although handlers of univer-
sal wastes must meet less stringent standards for storing, transporting, and col-
lecting wastes, the waste must comply with full hazardous waste requirements
for final recycling, treatment, or disposal. This management structure removes
these wastes from municipal landfills and incinerators. In July 1999, USEPA
added mercury-containing lamps to the UWR, which already covered batteries,
thermostats, and pesticides. In 2002, EPA proposed adding other mercury-
containing wastes to the universal waste rule.
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Recreational mining - There is no active mercury mining in the USA. There
is also no use of mercury in large-scale gold mining in the USA. There has
been minor recovery of mercury by recreational miners in California, but the
mercury is recovered as elemental free mercury in stream bottoms as a by-
product from historical use. The mercury is incidentally recovered on the
sluices of recreational portable dredge operators. The USEPA and California
are working on ways to set up collection points for waste mercury to ensure
that recreational miners do not dump their waste mercury in streams.

Foodstuffs — The Food and Drug Administration (FDA) regulates mercury in
food, drugs, and cosmetics. FDA sets an action level of 1 ppm methylmercury
in fish, shellfish and other aquatic animals, and may remove from commerce
foods that violate this action level. FDA has advised women of childbearing
age to limit their consumption of shark, swordfish, tilefish and king mackeral
based on methylmercury content. States, tribes and territories are responsible
for issuing fish consumption advise for locally-caught fish; many state health
departments use 0.5 ppm methylmercury as a trigger for such advice. Some
States also issue advice on limiting consumption of non-local commercial spe-
cies (e.g. canned tuna). On March 19, 2004 the U.S. Food and Drug Admini-
stration (FDA) and the Environmental Protection Agency (EPA) announced
their joint consumer advisory on methylmercury in fish and shellfish for reduc-
ing the exposure to high levels of mercury in women who may become preg-
nant, pregnant women, nursing mothers, and young children. The agencies be-
lieve that by following these recommendations for selecting and eating fish or
shellfish, women will receive the benefits of eating fish and shellfish and be
confident that they have reduced their exposure to the harmful effects of mer-
cury. Additional information can be found at: www.cfsan.fda.gov or the EPA
website at www.epa.gov/ost/fish

Mercury in products - Mercury-containing products are regulated in several
different ways. At a federal level, mercury product regulation has generally
centered around health-based reasons to eliminate mercury from products, us-
ing the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) and the
Federal Food, Drug, and Cosmetic Act (FFDCA) regulations. In recent years,
many states have taken a different approach. Restrictions on mercury-
containing products, once used sparingly by the federal government, are in-
creasing rapidly at the state level. Certain USA States have initiated a variety of
initiatives aimed at reducing mercury releases from the use and disposal of
products. These initiatives include notification and labeling requirements to
gain information on the mercury content of particular products and inform pur-
chasers that products contain mercury; prohibitions on the sale of a variety of
products for which alternatives were deemed readily available such as fever
thermometers, dairy manometers, novelty items (toys, shoes), switches in
automobiles, and thermostats in residential and commercial applications; con-
centration limits on other products such as batteries and packaging; restrictions
on product disposal so that the products must be segregated from the solid
waste stream and ultimately recycled; and state-sponsored collection pro-
grammes for items such as fever thermometers, historic dental inventories, and
products found in schools.
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Batteries — Between late 1989 and early 1991, all USA manufacturers con-
verted production so that mercury content, except in button and "coin" cells, did
not exceed 0.025 percent mercury by weight. A federal law called the Mer-
cury-Containing and Rechargeable Battery Management Act went into effect
May 13, 1996. The Act prohibits the sale of:
1) alkaline-manganese batteries containing mercury (alkaline-manganese
button cell batteries are limited to 25 mg mercury per button cell),
2) zinc carbon batteries containing mercury,
3) button cell mercuric-oxide batteries for use in the USA, and
4) any mercuric-oxide battery unless the manufacturer identifies a collec-
tion site that has all required federal, State, and local government approvals, to
which persons may send batteries for recycling and disposal.

The Act contains labelling requirements and encourages voluntary industry
programmes by eliminating barriers to funding the collection and recycling or
proper disposal of used rechargeable batteries. The Act also grants states the
authority to add other batteries to the recycling programme. This federal law
followed the lead of several states that passed legislation in the early 1990°s
limiting the mercury content of batteries.

Cosmetics — According to the Federal Food, Drug, and Cosmetic Act
(FFDCA), mercury use as a preservative or anti-microbial is limited to eye-area
cosmetics or ointments in concentrations below 60 ppm. Yellow mercuric oxide
is not recognized as a safe and effective ophthalmic anti-infective ingredient.

Dental amalgam — The Food and Drug Administration (FDA) also regulates
dental amalgam under FFDCA. Dental mercury is classified as a Class I medi-
cal device, with extensive safety regulations on its use. Dental amalgam alloy is
classified as a Class II device, subject to additional special controls.

Lighting — Of the 500-600 million mercury-containing lamps sold in the
United States annually, approximately 96 percent are fluorescent lamps. It is
estimated that approximately the same number of lamps are disposed of on an
annual basis. Mercury releases due to mercury-containing lamps are expected
to decrease in the future for a number of reasons. One reason is that states are
beginning to view recycling as a viable option to decrease mercury releases. In
addition, there have been technological advances in the manufacture of fluores-
cent lamps. Since the mid-1980's, electrical manufacturers have reduced the
average amount of mercury in each fluorescent lamp from an average of 48.2
mg to an average of 11.6 mg/lamp in 1999. A certain amount of mercury is
needed, however, in order to maintain desirable properties. A recent survey by
the National Electrical Manufacturers Association showed that the average 4-
foot (1.22 m) lamp in 2001 contained 8.3 mg of mercury.

Paints - As of May 1991, all registrations for mercury biocides used in paints
were voluntarily canceled by the registrants, thus causing a drastic decrease in
the use of mercury in paint. In addition to the paint industry reformulating its
paints to eliminate mercury, USEPA banned the use of mercury in interior paint
in 1990 and in exterior paint in 1991.
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Pesticides - The Federal Insecticide, Fungicide and Rodenticide Act (FIFRA)
covers the sale and use of pesticides, including registration of chemicals that
meet health and safety tests. Earlier, several mercury compounds were regis-
tered as pesticides, bactericides, and fungicides, however, registrations of the
last mercury-based pesticides for use to control pink and grey snow mold were
voluntarily cancelled by the manufacturer in November 1993.

Thermometers — Voluntary efforts are underway jointly with appropriate in-
dustry and associations to reduce mercury in thermometers through mercury
free substitutes. Several USA States have banned the use of mercury fever
thermometers, and most major retailers no longer sell them.

Thermostats - As a voluntary measure, the industry-funded Thermostat Recy-
cling Corporation (TRC) launched a programme in 1997 to recycle mercury-
switch thermostats in nine states (see www.nema.org/index_nema.cfm/664/). It
has since been expanded to 48 states in the USA, and in 2001 collected 48,215
thermostats and 402 pounds of mercury, for a total of more than 120,000 ther-
mostats and 1,000 pounds of mercury since the programme's inception. Recog-
nizing that the capture rate for the TRC programme is relatively low, two USA
States (Maine, Oregon) will prohibit the sale of new mercury thermostats for
residential and commercial applications effective January 2006.

Vaccines - Under the Food and Drug Administration Modernization Act of
1997, FDA is required to assess the risk of all mercury containing food and
drugs. Under this provision, FDA asked vaccine manufacturers to provide in-
formation about thimerisol content of vaccines. Based on this information, the
Public Health Service, the American Academy of Pediatrics, and vaccine manu-
facturers agreed that thimerisol-containing vaccines should be removed as soon
as possible. Manufacturers have been asked for a clear commitment to elimi-
nate mercury from vaccines, and FDA will do expedited reviews of resulting
revisions to product license applications.

Vehicles — In an effort to reduce mercury emitted from electric arc furnaces
that consume scrap from recycled automobiles — which USEPA estimates
emissions of about 8 - 12 tons per year of mercury — USEPA is pursuing mul-
tiple program efforts to encourage the removal of mercury switches from scrap
automobiles prior to recycling. Nearly all obsolete automobiles in the U.S. are
dismantled and shredded to recycle the metal. The scrap metal industry recy-
cles approximately 10 to 12 million cars each year and sells the scrap to domes-
tic and overseas consumers.

Pollution prevention approaches to address these emissions must include not
only the facilities that shred cars in preparation for steelmaking, but also those
suppliers of end-of-life vehicles (ELVs) who dismantle and usually flatten them
prior to delivery for shredding. Those facilities, known generally as auto dis-
mantlers, have the best opportunity to recover the bullet-sized mercury switches
that make up the bulk of the mercury present in ELVs. USEPA has initiated
discussions with stakeholders on how to maximize the removal of mercury
switches from ELVs, thereby reducing downstream mercury emissions from
melting scrap steel in electric arc furnaces. USEPA has had discussions with
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the Partnership for Mercury Free Vehicles, a coalition made up of steel manu-
facturers, scrap recyclers, automobile dismantlers, and environmental groups;
with automakers; and with state agencies that have studied or implemented
programs to recover mercury switches. There have been several facilitated
group discussions about possible solutions, beginning in August, involving rep-
resentatives of all of these groups. USEPA’s goal is to develop consensus for a
comprehensive solution that can be put in place by next year. USEPA is also
seeking to encourage reduced toxics use in automobile product design.

USEPA will propose in 2005 an area source rule establishing performance
standards based for hazardous air pollutants, including mercury, emitted by
electric arc furnaces (EAFs). Because pollution prevention is likely the best
approach for reducing EAF mercury emissions, approaches to remove switches
can be incorporated into this proposed rule. USEPA hope to have collaborative
solutions in place to recover mercury switches even prior to the EAF rule’s ef-
fective date. At the same time, USEPA is considering other programs and au-
thorities to use in this effort. For example, Best Management Practices used to
control discharges of storm water under the Clean Water Act can be used to
prevent potential mercury exposure or releases at auto dismantlers and scrap
recyclers. Switches that are damaged, such as during crushing operations, and
mercury-tainted scrap can contaminate storm waters. One effective manage-
ment practice that can be used to prevent these discharges is to remove mercury
switches from scrap autos before crushing or shredding. Raising awareness of
this issue to auto dismantlers and scrap recyclers through federal and state
storm water managers can increase chances for successful switch removal

USEPA is also taking steps to include mercury applications, such as automotive
switches, in the federal Universal Waste Rules, to lower the regulatory barriers
for those removing switches. USEPA will then encourage those States that do
not automatically incorporate such changes to do so, in the hopes of maximiz-
ing switch recovery. If USEPA can, through collaboration and the best use of
incentives, regulations, barrier removal, and voluntary approaches, make switch
removal more uniform, USEPA can help to avoid the export of scrap automo-
biles or shredded scrap containing mercury from un-removed switches, thereby
avoiding mercury emissions in other countries and lessening any competitive
disadvantage for domestic consumers of scrap

USEPA is exploring other avenues, as well, such as voluntary waste minimiza-
tion partnerships focusing on mercury applications, to reach our environmental
goals quickly and efficiently without imposing unfair burdens on particular in-
dustries, small businesses, or other groups.

Occupational safety and health - The Occupational Safety and Health Ad-
ministration has responsibility for maintaining safe workplace conditions.
OSHA sets permissible exposure levels for elemental mercury in workplace
settings. Mercury is listed as a neurotoxin capable of causing behavioral
changes, decreased motor function and other effects on the nervous system.
OSHA mercury standards also recommend that skin contact should be avoided.
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Workplace standards may influence the types of processes used at a facility.
For example, when OSHA tightens its standards for a particular substance, it
may force users of that substance to modify their processes or eliminate use of
that substance entirely in order to meet these new standards. Workplace air
concentration levels for exposure to elemental mercury: Section 29 CFR
1910.1000 sets the permissible exposure limit (PEL) for an 8-hour time
weighted average (TWA) of 0.1 mg/m’.

Information and reporting requirements — Under the USA Toxics Release
Inventory (TRI), starting with the 2000 reporting year, the reporting threshold
for mercury and its compounds has been lowered to 5 kilograms per year (the
previous threshold was 4,500 kilograms). Through this action, the United
States will have a much more comprehensive picture of the amounts of mercury
and its compounds that are released to the air, water, land, transferred off-site
for disposal, transferred off-site for recycling or recycled on-site within indus-
trial facilities.

Transportation - The Department of Transportation regulates hazardous mate-
rials transport under the Hazardous Materials Transportation Act. Mercury and
mercury compounds are hazardous substances subject to packaging, shipping
and transportation rules for hazardous materials.

Regional cooperation - In 1997, the United States and Canada signed the
Great Lakes Binational Toxics Strategy. The goal of the strategy is to seek, by
2006, a 50 percent reduction in the deliberate use of mercury and a 50 percent
reduction in the release of mercury caused by human activity. The goal applies
to all mercury releases nationwide as well as all direct discharges to the Great
Lakes Basin. The USA is co-operating with Mexico and Canada in the North
American Regional Action Plan for mercury under the Commission for Envi-
ronmental Cooperation's Sound Management of Chemicals Work Group.
These regional initiatives are described in more detail later in section 6.5.

6.3 Canada

Total reported atmospheric mercury releases decreased from 29.1 metric
tons/year in 1990 to 8.9 metric tons/year in 1998 (Environment Canada, 2000).

(Below: Selected aspects extracted from the appendix "Overview of existing
and future national actions, including legislation, relevant to mercury" to
UNEP, 2002).

Air and water point sources

Under the umbrella of the Canadian Council of Ministers of the Environment
(CCME), federal, provincial and territorial governments work cooperatively to
establish standards to achieve environmental objectives. The CCME have un-
dertaken a number of Canada Wide Standards (CWS) to reduce anthropogenic
emissions of mercury.

Canadian-Wide Standards exist for the following mercury release sources:
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*  Mercury emissions from incinerators and base-metal smelters

*  Mercury containing lamps

*  Dental amalgam waste

*  Mercury emissions from coal fired power plants (under development)

For more information on Canada wide standards on mercury see the CCME
website http://www.ccme.ca.

Base metal smelting: Environmental source performance guidelines have been
established for base metal smelters. For existing facilities, the guideline is 2 g
Hg/tonne of finished metal, while for new and expanded facilities the perform-
ance guideline is 0.2 g Hg/tonne of finished zinc, nickel and lead, and 1 g
Hg/tonne of finished copper.

Chlor-alkali production

The Chlor-Alkali Mercury Release Regulations under CEPA (1999) limit the
release of mercury into ambient air from mercury cell chlor-alkali plants. The
Regulations also include provisions with respect to reporting releases, malfunc-
tions and breakdowns. The regulations prescribe the following release limits:

(1) The quantity of mercury that the owner or operator of a plant may release
into the
ambient air from that plant shall not exceed
(a) 5 grams per day per 1,000 kilograms of rated capacity, where the source of
the

mercury is the ventilation gases exhausted from cell rooms;
(b) 0.1 gram per day per 1,000 kilograms of rated capacity, where the source
of the

mercury is the hydrogen gas stream originating from denuders;
(c) 0.1 gram per day per 1 000 kilograms of rated capacity, where the source
of the

mercury is the ventilation gases exhausted from end boxes; and
(d) 0.1 gram per day per 1,000 kilograms of rated capacity, where the source
of the

mercury is the gases exhausted from retorts.

(2) No mercury shall be released directly into the ambient air from a tank.

(3) Notwithstanding subsection (1), the total amount of mercury that the owner
or operator of a plant may release into the ambient air from the sources speci-
fied in subsection (1) shall not exceed 1.68 kilograms per day.

The Chlor-Alkali Mercury Liquid Effluent Regulations under the Fisheries
Act limit the level of mercury contained in effluent from chlor-alkali plants.
The regulations state that mercury deposited in effluent in any day must not
exceed 0.00250 kilogram per tonne of chlorine times the reference production
rate of the particular plant. The regulations include provisions with respect to
sampling, testing and reporting.
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Energy production — A Canada Wide Standard is currently being developed
for the coal-fired electricity generation sector. This standard is expected to be
finalized in 2005.

Waste treatment, including incineration: Emission limits have been estab-
lished for incinerators. They are expressed as a concentration of mercury in the
exhaust gas exiting the facility. Each government may choose the most appro-
priate measures to implement the standard within their jurisdiction.

Time frames for existing facilities range from 2003 for hazardous waste to
2006 for municipal and medical waste incinerators.

Type of Incinerator Max. Hg conc.
in exhaust gases

Existing Facilities

Municipal waste 20 pg/Rm’

Medical waste > 120 tonnes/year | 20 pg/Rm’

Medical waste < 120 tonnes/year | 40 pg/Rm’

Hazardous waste 50 pg/Rm’

Sewage Sludge 20 pg/Rm’

New Facilities

Municipal waste 20 pg/Rm’
Medical waste 20 pg/Rm’
Hazardous waste 50 pg/Rm’
Sewage sludge 70 pg/Rm’

Waste water effluent - National Guidelines on Physical-Chemical-Biological
Treatment of Hazardous Wastes recommend maximum concentrations of mer-
cury of 0.1 mg/L, 0.001 mg/L and 0.1 mg/L respectively in waste water efflu-
ent.

Import/Export of Waste - Mercury and its compounds are subject to CEPA
(1999) provisions for the movement of hazardous waste if they meet the Trans-
port of Dangerous Goods Regulations hazard criteria. Transportation regula-
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tions also apply to import and export of toxic substances and wastes containing
mercury.

Provincial Acts, regulations and guidelines on mercury - In addition to fed-
eral regulations, a number of provinces have acts, regulations and guidelines
covering emissions from industrial sources. Information on the 2001 status of
provincial acts and regulations is given in the Canadian submission to UNEP's
Global Mercury Assessment, available from www.chem.unep.ch/mercury.

For more information on mercury in Canada, see Environment Canada's web
page on mercury website, http://www.ec.gc.ca/mercury/en/index.cfim

6.4 Russian Federation
(Extracted from ACAP, 2004).

"Results of a previous mercury study in Russia

The Committee on Ecology of the State Duma of Russia and the Government
of the Russian Federation issued the Order for the State Committee on Envi-
ronment Protection in 1998 to develop a National Report “On mercury pollu-
tion of the environment of the Russian Federation and its impact on population
health”. The main purpose of this work was to analyse mercury pollution of the
environment and to determine the main sources of mercury pollution. A back-
ground analysis for the program, namely “Analysis of mercury pollution state
of the environment of the Russian Federation” was developed by Scientific Re-
search Institute on Problems of Resource Saving and Wastes Management. The
main purposes of the study were to determine the main sources of mercury pol-
lution and make recommendations for potential development of the National
Program.

The main sources of Hg pollution in Russian Federation were acknowledged to
be production and consumption wastes. It was not possible to make compre-
hensive and accurate assessment of the input from each of the sources, due to a
lack of the public control over consumption and application of mercury and
Hg-containing compounds.

Additionally it was figured out the distinctive features and conditions in Russia,
which should be taken into account during elaboration of the national program,
such as:

e Almost complete absence of monometallic mercury deposits in Russian
Federation and trends for increase of accompanying mercury supplied in
pyrite, zinc and copper concentrates;

e Sparseness and remoteness of many Hg consumers from Hg producers;

e Lack of continuous control over Hg consumption and recycling;

e Lack of high-effective sorbents for retention of Hg from gaseous and liquid
releases at domestic market;

e Lack of standard reusable containers for collection, transportation and stor-
age of Hg-containing wastes;
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e Lack of technologies for processing of many types of Hg-containing
wastes;

e Shortage of the existing capacities for Hg-containing wastes processing
with application of the available technologies.

Moreover the regulatory basis was reviewed. The legal basis for mercury pollu-
tion management was elaborated in 1970-80-ies. The existing regulations usu-
ally cover general issues and do not include specific requirements.

One of the key causes of mercury pollution was acknowledged a lack of the
Hg-containing wastes management system, i.e. collection, storage, transporta-
tion and neutralization. Collection, storage and transportation of Hg-containing
wastes are the bottleneck in the existing system of Hg-containing wastes utili-
zation and neutralization. Lack of the agreed documents and existence of con-
tradictory requirements of various agencies and local authorities hamper the
process of effective collection and delivery of Hg-containing wastes to the dis-
posal site.

The authors of the document concluded that the problem of mercury pollution
in Russian Federation is strongly depends on the implementation on the
“Wastes” Federal target Program. The following activities were recommended
for the Program’ implementation targeted on Hg wastes management:

1. Forecasting on mercury consumption and determination of the feedstock

for the secondary mercury till 2010;
In this regard the enterprises’ plans on caustic soda and vinyl chloride pro-
duction being one of the major mercury consuming processes, transition to
Hg-free methods of caustic soda and chlorine production and Hg-free cata-
lysts should be taken into account.

2. Elaboration and implementation of the Hg consumption and recycling con-
trol system (through environmental authorities);

3. Preparation of legal basis regarding Hg consumption and recycling (or re-
garding total losses);

4. The national inventory and certification of Hg-containing wastes covering
all enterprises, which use mercury and process Hg-containing consumption
wastes;

5. Design and manufacture of the reusable containers for collection, storage
and transportation of Hg-containing wastes;

The key aspect here is to provide the agreement of the Terms of Reference
with transport, sanitary and fire services, as well as design of the methods
of reusable containers demercurization;

6. Elaboration of the utilization technology for particular types of Hg-
containing wastes.

The profitability of Hg-containing wastes (especially low-concentrated
ones) recycling can be determined only during the technology’s elabora-
tion.
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Regulation of Mercury Releases

The content of mercury in different media is regulated by maximum allowed
concentrations. The concentrations were fixed in the regulatory documents de-
veloped and adopted by the Ministry of Health of the USSR.



Reduction of atmospheric mercury releases from Arctic countries - Arctic Mercury Releases Inventory 99

Table 6-2 Main regulatory documents on environment and population protection

from potentially dangerous pollutants including mercury and its com-

pounds

Document

Adopted

1. Surface waters protection

Sanitary rules and norms of surface waters protection from pollution

The Ministry of health of the USSR, July 09,
1988, No. 4630-88

Methodical guidelines on sanitary treatment of water bodies when non-ferrous
metals ores are extracted and dressed

The Ministry of health of the USSR, No. 20-38-
79

2. Atmospheric air protection

Temporary directive methodical guidelines on atmospheric air pollution assess-
ment

The Ministry of health of the USSR, December
23,1976

Methodical recommendations on hygienic assessment of atmospheric air pollution
in regions where mercury producing and consuming enterprises are located

The Ministry of health of the USSR, July 13,
1989, No. 5050-89

Methodical recommendations on determination of one-time load of chemicals
emissions, water and foodstuff on population

The Ministry of health of the USSR, No. 2983-
84

3. Soil protection, domestic and industrial wastes

Nature protection. Soil. Indicators of sanitary state.

GOST 17.4.2.01-81

Nature protection. Soil. Classification of chemicals for contamination control.

GOST 17.4.1.02-83

Maximum content of toxic compounds in industrial wastes for justification of
wastes as toxic.

The Ministry of health of the USSR, December
12, 1984, No. 3170-84

Accumulation, transportation, neutralization and burial of toxic industrial wastes

The Ministry of health of the USSR, December
29, 1984, No. 3183-84

Maximum amount of accumulated toxic industrial wastes on the enterprise site

The Ministry of health of the USSR, February
01, 1985, No. 3209-85

Maximum amount of toxic industrial wastes allowed for storage on dump-sites of
solid wastes

The Ministry of health of the USSR, May 30,
1985, No. 3897-85

Maximum amount of toxic industrial wastes allowed for storage on dumps of en-
terprises

The Ministry of health of the USSR, November
19, 1985, No. 4015

Methodic guidelines for bodies of sanitary and epidemiological service on control
for sanitary protection of the environment from solid and liquid toxic wastes pollu-
tion

The Ministry of health of the USSR, July 12,
1985, No. 3912-85

4. Protection of working areas

Work with mercury. Safety requirements.

GOST 12.3.031-83

Sanitary rules for work with mercury, its compounds and devices with mercury
filling

The Ministry of health of the USSR, April 04,
1988, No. 4687-88

Sanitary rules on design, equipment, operation and maintenance of enterprises
which produce mercury

The Ministry of health of the USSR, December
27,1979 No.2116-70

Sanitary rules for non-ferrous metallurgy enterprises

The Ministry of health of the USSR, February
24, 1982 No. 2528-82

Informational and methodical letter on hygienic activities and population health risk
assessment in places of mercury pollution

The Ministry of health of the RSFSR, February
05, 1990, No. 23-01-2/101

Methodical recommendations on control for organization of current and final de-
mercurization and its efficiency assessment

The Ministry of health of the USSR, December
31, 1987, No. 4545-87
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Document Adopted

Instruction on treatment of working clothes, metallic mercury or its compounds
pollution

The Ministry of health of the USSR, July 20,
1976, No. 1442-76

5. Food products protection

Medical and biological requirements and sanitary quality norms for food feed-

stocks and foodstuff 1989

The Ministry of health of the USSR, August 01,

Temporary hygienic norms of toxic elements content (heavy metals) in cereals

products, supposed for children’s food 84

The Ministry of health of the USSR, No. 3091-

Maximum allowable concentration of heavy metals and arsenic in production feed-
stocks and food products

86

The Ministry of health of the USSR, No. 4089-

Table 6-3.
and allowable residues of mercury in foodstuff

Maximum allowed concentration (MAC) of mercury in different media

MAC of mercury in atmospheric air in populated localities
of Russia

310" mg/m’

MAC of mercury in atmospheric air of working areas

50107 — 110~ mg/m’

MAC of mercury in water of the communal and potable as
well as housing water sector in Russia

110 - 5410 mg/l

MAC of metallic mercury in water for fishing 1:10”° mg/m’

MAC of mercury in soil 2.1 mg/kg

Allowable residues of mercury in foodstuff:
Fish 0.5 mg/kg
Bread and cereals 0.01 mg/kg
Meat 0.03 mg/kg
Vegetable 0.02 mg/kg
Milk products 0.005 mg/kg
Fruits 0.01 mg/kg
Juices 0.05 mg/kg

Regulation on collection, package, transportation and utilization of mercury-
containing wastes is given in the Instruction of the Ministry of Non-ferrous
Metallurgy of the USSR, adopted in October 27, 1966. Many statements of the
Instruction are outdated, that is the reason why there were developed regional
rules on mercury-containing wastes management in almost each region where a
company dealing with collection and treatment of mercury-containing wastes is

located."

6.5 Selected regional initiatives

In the following, four existing regional initiatives, each covering parts of the
Arctic countries, are described briefly with a focus on their relevance to mer-
cury. These are the Heavy Metals protocol of the LRTAP Convention, The
North American Regional Action Plan on Mercury, the OSPAR Convention
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and the HELCOM Convention. The descriptions were extracted from the
Global Mercury Assessment (UNEP, 2002).

For a more detailed description of the coverage of mercury in these agreements,
see the "Background document on mercury in existing agreements" prepared
for this ACAP mercury project.

6.5.1 The Convention on Long-Range Transboundary Air
Pollution and its 1998 Aarhus Protocol on Heavy Metals
(LRTAP Convention)

The objective of the Convention on Long-Range Transboundary Air Pollution
is to protect man and his environment against air pollution and to endeavour to
limit and, as far as possible, gradually reduce and prevent air pollution includ-
ing long-range transboundary air pollution. The Convention sets up an institu-
tional framework, bringing together policy and research components. It estab-
lishes a number of co-operative programmes for assessing and monitoring the

effects of air pollution.

The Convention requires Parties to develop policies and strategies that will
serve as a means of combating the discharge of pollutants, by means of ex-
changes of information, consultation, research and monitoring. Parties are also
required to co-operate in the conduct of research into and/or development of
technologies for reducing emissions of major air pollutants, instrumentation
and other techniques for monitoring and measuring emission rates and ambient
concentrations of air pollutants, improved models for understanding the trans-
mission of long-range transboundary air pollutants, the effects of major air pol-
lutants on human health and the environment and education and training pro-
grammes related to the environmental aspects of pollution by major air pollut-
ants. Implementation of the Convention has already contributed successfully in
reducing sulphur emissions across Europe, and there has also been progress in
reducing emissions of nitrogen oxides and volatile organic compounds.

Geographic coverage and entry into force of the protocol

The Convention and its protocols are open to member states of the United Na-
tions Economic Commission for Europe (UNECE), as well as states having
consultative status with the UNECE and regional economic integration organi-
zations, constituted by sovereign states members of the UNECE. The UNECE
has 55 member States, mainly from Central and Eastern Europe, but also in-
cludes Canada and the United States of America as members. (see
http://www.unece.org/oes/eceintro.htm for the list of UNECE member States).

The Convention entered into force on 16 March 1983 and had 49 Parties as of 1
October 2002. Since its entry into force, it has been extended by eight proto-
cols, of these the 1998 Aarhus Protocol on Heavy Metals is especially relevant
to mercury.
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The Aarhus Protocol entered into force in December 2003. Among the present
Parties are Canada, Denmark, Finland, Norway, Sweden and the United States.
The Russian Federation has not yet ratified the protocol.

The Executive Secretary of the UNECE provides the Secretariat for the Execu-
tive Body of the Convention. It does so within the UNECE Environment and
Human Settlements Division.

The 1998 Aarhus Protocol on Heavy Metals, and its relevance to mercury
The Executive Body of the Convention adopted the Protocol on Heavy Metals
on 24 June 1998 in Aarhus, Denmark. It targets three particularly harmful met-
als: cadmium, lead and mercury, and requires Parties to the Protocol to reduce
their releases for these three metals. It aims to cut emissions from industrial
sources (iron and steel industry, non-ferrous metal industry), combustion proc-
esses (power generation, road transport) and waste incineration. It lays down
stringent limit values for emissions from stationary sources and suggests best
available techniques for these sources. The Protocol requires Parties to phase
out leaded petrol and introduces measures to lower heavy metal releases from
other products. Emission levels must be reported using as a minimum method-
ologies specified by the Steering Body of EMEP, the Cooperative Programme
for Monitoring and Evaluation of Long-range Transmission of Air Pollutants in
Europe.

Article 3 describes the basic obligations set out in the Protocol, below is a sum-
mary of those especially relevant to mercury.

A) Reduction of total annual emissions of mercury into the atmosphere,
compared to the reference year for the Party (1990, or an alternative year be-
tween 1985 and 1995 set when becoming a Party), through application of best
available techniques, product control measures or other emission reduction
strategies.

B) Use of best available techniques for stationary sources - for new plants
within 2 years, for existing plants within 8 years. The standards for best avail-
able techniques are given as examples in Annex III to the Protocol, and include
both cleaning technology and substitution of mercury based technology, for
example in chlor/alkali plants.

C) Application of limit values to control emissions from major stationary
sources, both new and existing — Limit values for a number of sources are
specified in Annex V of the Protocol, for example for particulate emissions
from combustion plants, mercury emissions from chlor-alkali plants and mer-
cury emissions from municipal, medical and hazardous waste incineration.

D) Application of product control measures concerning mercury — The
Protocol requires Parties to achieve specific mercury levels in alkaline manga-
nese batteries within 5 years, or 10 years for Parties with economies in transi-
tion. Alkaline manganese button cells and batteries composed of button cells
are exempted from this obligation. In addition, Parties should consider apply-
ing additional product control measures as described in Annex VII of the Pro-
tocol. Recommendations are given for mercury-containing products such as



Reduction of atmospheric mercury releases from Arctic countries - Arctic Mercury Releases Inventory 103

electric equipment, electrical components (thermostats, switches), measuring
devices (thermometers, manometers, barometers), fluorescent lamps, dental
amalgam, pesticides including seed dressings, paints and batteries other than
alkaline manganese batteries, and include prohibition of specific products, vol-
untary agreements and recycling programmes.

Monitoring and Evaluation of Long-Range Transmission of Air Pollutants
in Europe

Associated with the LRTAP-process, the main objective of the EMEP pro-
gramme (Co-operative Programme for Monitoring and Evaluation of the Long-
Range Transmission of Air pollutants in Europe) is to regularly provide Gov-
ernments and subsidiary bodies under the LRTAP Convention with qualified
scientific information to support the development and further evaluation of the
international protocols on release reductions negotiated within the Convention.
Initially, the EMEP programme focused on assessing the transboundary trans-
port of acidification and eutrophication; later, the scope of the programme has
widened to address other issues covered by the Convention, such as POPs,
heavy metals, including mercury, and particulate matter.

The EMEP programme relies on three main elements: (1) collection of emis-
sion data, (2) measurements of air and precipitation quality and (3) modelling
of atmospheric transport and deposition of air pollution. Through the combina-
tion of these three elements, EMEP fulfils its required assessment and regularly
reports on emissions, concentrations and/or depositions of air pollutants, the
quantity and significance of transboundary fluxes and related exceedances to
critical loads and threshold levels. The combination of these components pro-
vides also a good basis for the evaluation and qualification of the EMEP esti-
mates.

The EMEP programme is carried out in collaboration with a broad network of
scientists and national experts that contribute to the systematic collection,
analysis and reporting of emission data, measurement data and integrated as-
sessment results. Three different Task Forces - on measurements and model-
ling, on emission inventories and projections and on integrated assessment
modelling - provide for discussion and scientific exchange. Canada and USA
are not part of the EMEP region and conduct their own comparable national
activities.

The coordination and intercalibration of chemical air quality and precipitation
measurements are carried out at the Chemical Coordinating Centre (CCC). The
storage and distribution of reliable information on emissions and emissions pro-
jections is the task of the Meteorological Synthesizing Centre—West in Oslo,
Norway. The modelling development for heavy metals and POPs is the respon-
sibility of the Meteorological Synthesizing Centre -East (MSC-E) in Moscow,
Russian Federation. In 1999, the Executive Body of the Convention decided to
include integrated assessment into the core activities of EMEP and to establish
a Center for Integrated Assessment Modelling (CIAM) building on past model-
ling work, in particular the RAINS (Regional Acidification, Information and
Simulation) model.
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Review of the Heavy Metals Protocol

With the entry into force of the Heavy Metals Protocol, a review of its suffi-
ciency and effectiveness will commence. Initial work related to this review will
take place in the Heavy Metals Task Force. During 2005 the work plan for the
Task Force is anticipated to include the following activities (according to UN-
ECE, December 2004, at
http://www.unece.org/env/documents/2004/eb/air/eb.air.2004.3.e.pdf):

* Initiate the technical work necessary for the scheduled evaluations of emis-
sion limit values (no later than two years after the date of entry into force
of the Protocol) for existing chlor-alkali plants (annex V, para. 19) and
medical waste incineration (annex V, para. 23 (¢));

» Initiate the technical work necessary for the review of sufficiency and ef-
fectiveness of the Protocol taking into account the best available scientific
information on the effects of depositions of heavy metals, assessments of
technological developments and changing economic conditions;

*  Prepare annotated chapter headings for the technical components of the
review of sufficiency and effectiveness;

» Initiate the technical work necessary to assess the extent to which a satis-
factory basis exists for the application of an effects-based approach;

*  Prepare generic guidelines and/or procedures for the technical review of
additional heavy metals, product control measures or products/product
groups that may be proposed by Parties for inclusion in the Protocol.

6.5.2 North American Regional Action Plan on Mercury

The Commission for Environmental Cooperation (CEC) is an international or-
ganization created by Canada, Mexico and the United States of America under
the North American Agreement on Environmental Cooperation (NAAEC). The
CEC was established to address regional environmental concerns, help prevent
potential trade and environmental conflicts, and to promote the effective en-
forcement of environmental law. The Agreement complements the environ-
mental provisions of the North American Free Trade Agreement (NAFTA).
The Council, the governing body of the CEC, is composed of the environment
ministers (or the equivalent) of each country. It meets at least once a year to
discuss CEC programmes and activities.

The Commission provided the mechanism for the three member countries to
negotiate an agreement, Council Regulation #95-5 on the Sound Management
of Chemicals, which was agreed to on 13 October 1995. The resolution sets
out a framework, together with specific commitments, to work collaboratively
in addressing the sound management of chemicals in the region. A Working
Group was established to work with the CEC to implement the decisions and
commitments made in the resolution. Since then, four North American Re-



Reduction of atmospheric mercury releases from Arctic countries - Arctic Mercury Releases Inventory 105

gional Action Plans, on DDT, chlordane, PCBs and mercury, have been devel-
oped and are now at various stages of implementation.

The ultimate goal of the Action Plan on Mercury is to achieve a reduction in the
anthropogenic releases of mercury to the North American environment through
appropriate national and international initiatives, to amounts that can be attrib-
uted to naturally occurring levels and fluxes. The Parties intent is to obtain this
goal by seeking to reduce mercury releases from human activities, develop en-
hanced capacity to measure and manage mercury, asses impact and communi-
cate concerns, establish an equitable implementation and compliance protocol
and promote continued responsible mercury management initiatives on behalf
of governments, industry and citizens through regulatory and voluntary/non-
regulatory mercury management actions.

The plan sets out detailed recommendations for reducing emissions and re-
leases of mercury from a large number of sources and activities. Examples of
some of the specific recommendations made in the Action Plan are:

Promoting life cycle management practises (tracking exports and im-
ports, promoting recognized environmental management systems (such as
ISO 14.000);

Encouraging the timely adoption of 5 kilogram reporting threshold for
facilities that manufacture, process or use mercury on an annual basis
through national pollutant release and transfer registers;

Encouraging substitution or phase-out of mercury in products or proc-
esses. Where no substitutes available, promoting the use of recycled or re-
covered mercury;

Encouraging development of substitutes in the automotive vehicle in-
dustry both for new and existing vehicles;

Promoting measures that reduce or eliminate the use of mercury in other
sectors such as battery manufacturing sector, electrical switches and relays
sector, lamp manufacturing sector, health and dental care sector, cultural
and artisanal uses and analytical, testing, measurement, calibration and
education sector;

Managing atmospheric emissions of mercury (goal of 50 percent reduction
nationally in mercury emissions by 2006 from existing major stationary
sources based on 1990 or equivalent emissions inventories);

Monitoring the industry-developed voluntary/non-regulatory programme to
reduce mercury usage in the mercury cell chlor-alkali industry by 50
percent to 80 metric tons, by the year 2005 and ensuring that new chlor-
alkali facilities constructed after 2000 meet a limit value of 0.01 g
Hg/metric ton chlorine production capacity, or, where warranted, ban the
mercury-cell process;

Preventing mercury in products and process waste from being released
directly to the environment, by encouraging efficient waste collection and
preventing mercury in products and process waste from being mixed with
less hazardous waste in the general waste stream, by encouraging separate
collection and treatment;
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Considering development of an initiative to promote mercury retirement
whereby emission sources that meet required standards but continue to
emit residual amounts of mercury are able to counterbalance their residual
emissions by removing and retiring an equal or greater amount of mercury
from the North American pool;

Encouraging development and use of effective mercury waste-
stabilization and disposal techniques and methods;

Developing consistent/comparable mercury-related data;

Promoting collaborative research programmes and atmospheric modelling
work.

Although the regional Action Plans under the Sound Management of Chemicals
initiative are not legally binding upon any one or all of the Parties to the North
American Agreement on Environmental Cooperation, there is a strong national
commitment by each member country to ensure that the Action Plan on mer-
cury results in significant reductions of mercury contamination to the environ-
ment. The implementation of the Action Plan will be ensured through the over-
sight of an Implementation Task Force.

6.5.3 The Convention for the Protection of the Marine
Environment of the North-East Atlantic (OSPAR
Convention)

The objectives of the 1992 OSPAR Convention for the Protection of the Marine
Environment of the North-East Atlantic are to take all possible steps to prevent
and eliminate pollution and take the necessary measures to protect the sea area
against the adverse effects of human activities and to safeguard human health
and to conserve marine ecosystems and, where practicable, to restore marine
areas which have been adversely affected. The Convention contains annexes
addressing different sources of pollution, such as prevention and elimination of
pollution from land-based sources; prevention and elimination of pollution by
dumping or incineration (which prohibits incineration); prevention and elimina-
tion of pollution from offshore sources; assessment of the quality of the marine
environment and protection and conservation of the ecosystems and biological
diversity of the maritime area.

Geographic coverage and entry into force

The OSPAR Convention is open to Parties to the “Oslo” and “Paris” Conven-
tions (i.e., the Convention for the Prevention of Marine Pollution from Land-
Based Sources and the Convention for the Prevention of Marine Pollution by
Dumping from Ships and Aircraft), any other coastal state bordering the mari-
time area, any state located upstream on watercourses reaching the maritime
area or any regional economic integration organisation having a member state
that qualifies. The maritime area covers the north-east Atlantic including the
North Sea and comprises the internal waters and the territorial sea of Parties,
the sea beyond and adjacent to the territorial sea under the jurisdiction of the
coastal state, and the high seas. Other States or regional economic organisa-
tions that do not satisfy the criteria may be invited unanimously by the Parties
to accede to the Convention.
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The OSPAR Convention came into force on 25 March 1998. It replaced the
Paris and Oslo Conventions. However, Decisions, Recommendations, and
other agreements adopted under the two previous Conventions continue to be
applicable, unaltered in their legal nature, unless they are terminated by meas-
ures adopted under the OSPAR Convention. The OSPAR Convention currently
has 16 Parties (Belgium, Denmark, European Union, Finland, France, Ger-
many, Iceland, Ireland, Luxembourg, Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland and the United Kingdom of Great Britain and Northern
Ireland).

The OSPAR Commission, with representatives of each of the Parties, is the
governing body of the Convention. The Commission meets annually, some-
times at ministerial level.

The OSPAR Strategy with regard to Hazardous Substances, and its relevance to
mercury

In 1998 at Sintra, Portugal, the first ministerial meeting of the OSPAR Com-
mission adopted, among others, a Strategy with regard to Hazardous Sub-
stances, with a view to the further implementation of the OSPAR Convention,
which had just came into force. The objective of the Strategy is to prevent pol-
lution of the maritime area by continuing to reduce discharges, emissions and
losses of hazardous substances, with the ultimate aim of achieving concentra-
tions in the marine environment near background values for naturally occurring
substances and close to zero for man-made synthetic substances.

The Strategy also includes a timeframe, setting out the basis for OSPAR's work
for achieving the objective - every endeavour will be made to move towards the
target of cessation of discharges, emissions and losses of hazardous substances
by the year 2020.

To this end, a process has been established to identify the OSPAR list of
chemicals for priority action. This list was revised in 2001, and currently con-
tains 42 substances or groups of substances, including mercury and organic
mercury compounds. These chemicals are being addressed by preparing (for
those in use in the OSPAR area) background documents for each substance or
group specifying the sources of inputs of them to the marine environment, the
threat posed and possible measures. Such measures are then considered. An
OSPAR Background Document on Mercury and Organic Mercury Compounds
(OSPAR Commission, 2000) was endorsed by OSPAR in 2000 and the actions
recommended there are taken into account, as appropriate, in the work of
OSPAR.

There are several measures applicable under OSPAR to control mercury emis-
sions, discharges and losses from specific sectors, e.g. the measures related to
the chlor-alkali industry and PARCOM Decision 85/1 on Limit Values and Qual-
ity Objectives for Mercury Discharges by Sectors other than the Chlor-alkali In-
dustry. Furthermore, OSPAR measures on Best Available Techniques (BATs) for
various industrial installations and the offshore gas and oil installations will also
help to limit discharges, emissions and losses of mercury.
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With regards to the chlor-alkali sector, there are a number of measures appli-
cable as regards the control of mercury in discharges to water and emissions to
air. In PARCOM Decision on New Chlor-Alkali Plants Using Mercury Cells,
1982 the Commission decided that authorisations for new chlor-alkali plants
might be granted by Parties only if such authorisations were based on applica-
tion of best technical means available for preventing discharges of mercury.
Best technical means available at that time made it possible to limit discharges
of mercury using the recycled-brine process to less than 0.5 g/metric ton of in-
stalled chlorine production capacity. Furthermore, the Commission agreed that
when the construction of new plants was being considered, the use of mercury-
free technology, in particular membrane cells should be encouraged whenever
circumstances permitted.

In PARCOM Decision 90/3 on Reducing Atmospheric Emissions from Existing
Chlor-Alkali Plants, adopted on 14 June 1990, the Parties agreed that existing
mercury based chlor-alkali plants would be required to meet by 31 December
1996 a standard of 2g Hg/t ClI, capacity for emissions to the atmosphere, unless
there was a firm commitment that the plant would be converted to mercury-free
technology by the year 2000. It also agreed that mercury in hydrogen released
to the atmosphere, or burnt, would be included in this standard. They also rec-
ommended that existing mercury cell chlor-alkali plants be phased out as soon
as practicable and set the objective of complete phase-out by 2010. The chlor-
alkali producers within the OSPAR area have met the emissions reduction re-
quirements of PARCOM 90/3. In order to make progress towards the other
recommendations within this decision they have presented six voluntary com-
mitments with OSPAR. The details are provided in section 3.2.4 EUROPEAN
COMMMUNITY in the description on chlor-alkali production.

The main tools for controlling releases of mercury from products are the plac-
ing of restrictions on the marketing and use of the products, or the development
of products containing non-hazardous substitutes for mercury.

Mercury discharges from the dental sector - Several PARCOM Recommen-
dations relating to the reduction of mercury discharges from dental sources are
applicable under OSPAR. In 1981, the Paris Commission recommended the
installation of special filters in dental surgeries and clinics to collect the resi-
dues of mercury amalgams. PARCOM Recommendation 89/3 on Programmes
and Measures for Reducing Mercury Discharges from Various Sources urges
that alternative materials to dental amalgams should be used where appropriate
and where excessive cost can be avoided. Surplus or old amalgam should be
trapped and separated efficiently, then sent for recovery of the mercury content.
PARCOM Recommendation 93/2 on Further Restrictions on the Discharge of
Mercury from Dentistry states that equipment should be installed to separate
water and amalgam to enable collection of the amalgam as from 1 January
1997.

Mercury in batteries - PARCOM Decision 90/2 on Programmes and Meas-
ures for Mercury and Cadmium-Containing Batteries lays down various meas-
ures dealing with the recovery, disposal and marketing and use of certain mer-
cury and cadmium batteries.
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Pesticides containing mercury - PARCOM Recommendation 89/3 also pro-
posed measures on restricting the use of biocides and pesticides containing
mercury.

Industrial, laboratory and medical control instruments and electrical
equipment - PARCOM Recommendation 89/3 also proposes measures on re-
cycling mercury used in such equipment and encouraged the use of equipment
not containing mercury, whenever replacements become available at compara-
ble costs. Some Parties have initiated actions for example to limit the use of
mercury thermometers, to encourage the development of low-mercury lighting
and to establish recycling and special collection schemes.

6.5.4 The Convention on the Protection of the Marine
Environment of the Baltic Sea Area (Helsinki Convention)

The objectives of the Helsinki Convention on the Protection of the Marine En-
vironment of the Baltic Sea Area, adopted on 9 April 1992, are to take all ap-
propriate measures, individually or by means of regional co-operation, to pre-
vent and eliminate pollution in order to promote the ecological restoration of
the Baltic Sea Area and the preservation of its ecological balance.

The Convention establishes fundamental principles and obligations, as set out
in Article 3, whereby Parties are obliged to:

Take all appropriate legislative, administrative and other measure to pre-
vent and eliminate pollution in order to promote the ecological restoration
of the Baltic Sea Area and the preservation of its ecological balance;
Apply the precautionary principles;

Promote the use of Best Environmental Practice and Best Available Tech-
nology;

Apply the polluter-pays principle;

Ensure that measurements and calculations of emissions from point
sources and of inputs from diffuse sources are carried out in a scientifically
appropriate manner in order to assess the state of the marine environment
and ascertain the implementation of the Convention; and

Use their best endeavours to ensure the implementation of the Convention
does not cause transboundary pollution in areas outside the Baltic Sea
Area, nor lead to unacceptable strains on the environment or increased risk
to human health.

Geographic coverage and entry into force

The Helsinki Convention is restricted to the States and the European Commu-
nity that participated in the 1992 Helsinki Conference and have ratified the
Convention. Others can become a party upon invitation by all the Parties. The
Convention covers the Baltic Sea and the entrance of the Baltic Sea and the
drainage areas to these waters. Internal waters are included.

The 1992 Helsinki Convention replaces the 1974 Convention on the Protection
of the Marine Environment of the Baltic Sea Area. It entered into force on 17
January 2000. As of October 2002, the Helsinki Convention had 10 Parties
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(Denmark, Estonia, European Community, Finland, Germany, Latvia, Lithua-
nia, Poland, Russia and Sweden).

The governing body of the Convention is the Helsinki Commission - Baltic
Marine Environment Protection Commission (HELCOM). HELCOM meets
annually and, from time to time, meetings are held at ministerial level.

The HELCOM strategy to implement its objective with regard to hazard-
ous substances, and its relevance to mercury

In 1998 HELCOM established an objective with regard to hazardous sub-
stances and a strategy to implement the objective, through the adoption of
HELCOM Recommendation 19/5. The objective is to prevent pollution of the
Convention Area by continuously reducing discharges, emissions and losses of
hazardous substances towards the target of their cessation by the year 2020,
with the ultimate aim of achieving concentrations in the environment near
background values for naturally occurring substances and close to zero for
man-made synthetic substances. A total of 42 chemicals have so far been se-
lected by HELCOM for immediate priority action, including mercury and its
compounds.

HELCOM has adopted a number of recommendations specifically relating to
mercury:

HELCOM Recommendation 6/4 (adopted 13 March 1985): Recommenda-
tion concerning measures aimed at the reduction of mercury resulting from
dentistry.

HELCOM Recommendation 13/4 (adopted 5 February 1992, under revi-
sion): Atmospheric pollution related to the use of scrap material in the iron
and steel industry.

HELCOM Recommendation 14/5 (adopted 3 February 1993, under revi-
sion): Reduction of diffuse emissions from used batteries containing heavy
metals (mercury, cadmium, lead).

HELCOM Recommendation 16/8 (adopted 15 March 1995): Limitation of
emissions into atmosphere and discharges into water from incineration of
household waste

HELCOM Recommendation 17/6 (adopted 12 March 1996): Reduction of
pollution from discharges into water, emissions into the atmosphere and
phosphogypsum out of the production of fertilizers

HELCOM Recommendation 18/2 (adopted 12 March 1997): Offshore ac-
tivities.

HELCOM Recommendation 19/5 (adopted 26 March 1998): HELCOM
objective with regard to hazardous substances.

HELCOM Recommendation 23/4 (adopted 6 March 2002, superseding
18/5): Measures aimed at the reduction of mercury pollution resulting
from light sources and electrical equipment

HELCOM Recommendation 23/6 (adopted 6 March 2002, superseding
6/3): Reduction of emissions and discharges of mercury from chlor-alkali
industry.
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HELCOM Recommendation 23/7 (adopted 6 March 2002, superseding
16/6): Reduction of discharges and emissions from the metal surface
treatment.

HELCOM Recommendation 23/11 (adopted 6 March 2002, superseding
20E/6): Requirements for discharging of waste water from the chemical
industry.

HELCOM Recommendation 23/12 (adopted 6 March 2002, superseding
16/10): Reduction of discharges and emissions from production of textiles.

The HELCOM strategy on hazardous substances, including mercury, in many
areas parallels the work implemented within the context of the OSPAR Con-
vention.
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Appendices: Links to national responses to
mercury questionnaire

The appendices will be available at www.mst.dk and can be accessed by press-
ing the links below.
(Electronic version only)

Introduction to the ACAP mercury questionnaire
Canada, questionnaire response

Denmark, questionnaire response

Finland, questionnaire response

Norway, questionnaire response

Sweden, questionnaire response

The United States of America, questionnaire response

The United States of America, memo on methods for
release estimation for questionnaire

Assessment of Mercury Releases from the Russian
Federation (ACAP, 2004).

Largest point sources identified in the Assessment of
Mercury Releases from the Russian Federation (ACAP,
2004).



