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PREFACE 

This book brings together authors with expertise in a wide range of fields to 
provide an up to the minute overview of the most important problems 
relating to mercury in the environment. The book reflects growing concern 
over the likelihood of harmful effects to human health and sensitive 
ecosystems posed by mercury in the light of increasing fossil fuel 
combustion, mercury use in a range of manufactured goods, and the lack of 
emission control policies. Concern has been expressed at local, national, and 
international levels; in the last three years both the European Commission 
and UNEP have published reports on mercury in the environment. Growing 
concern has led to an increased effort to understand the fate of mercury in 
the environment, including primary production and trade in mercury, 
emissions from manufacturing and power generation, natural emissions and 
re-emission, atmospheric transport and transformation, deposition patterns, 
uptake by biota, and eventual health impacts on living organisms. The 
increasing specialisation, and amount of research in the numerous scientific 
fields associated with the study of the fate of mercury in the environment, 
make the publication of this book both necessary and timely. For experts, 
and non-experts, who require both the broader picture, as well as an 
awareness of the latest progress in the fields relevant to mercury research, 
this book provides the most comprehensive and up to date overview 
available. 

The book has five sections. The first section covers 'International and 
Regional Perspectives', looking firstly at mercury production, trade and use 
over the last ten years and future trends. Current and projected industrial 
emissions of mercury, and their assessment methods are presented. The last 
part of this section describes the European Union and the United States 
Environmental Protection Agency perspectives and activities regarding the 
limitation of risk to human health. 

The second section addresses 'Monitoring and Analytical Methods', that is 
the determination of the concentration of mercury and mercury compounds 
in the atmosphere, and in aquatic and terrestrial ecosystems, including 
biological samples. The problems involved and precautions required when 
measuring trace concentrations in complex media are described. 

The third section deals with the 'Chemical and Physical Processes' which 
determine the partitioning of mercury between environmental interfaces, air-
sea, water-sediment, air-soil, soil-plant, canopy-air, and the role these have 
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in the global biogeochemical mercury cycle. Recent advances in the 
understanding of mercury kinetics in the atmosphere are described. 

The fourth section includes six studies on 'Human Exposure', reviewing 
studies reports on different populations from around the world, as well as 
methods for assessing mercury exposure. The major risks associated with 
high and extreme cases of mercury exposure are described. 

The last section provides seven 'Regional Case Studies', for regions where 
substantial research on the fate of mercury in the environment has been 
carried out including, the Mediterranean Basin, North and North-Eastern 
Europe, the Polar regions, the Great Lakes and the North-Eastern U.S., 
Florida, Asia (particularly China), and the area covered by EMEP, the 
UNECE-Long Range Transport Convention reference area for Europe. 

Nicola Pirrone 
CNR-Institute for Atmospheric Pollution, Division ofRende, 87036 Rende, Italy 

Kathryn R. Mahaffey 
Office of Science Coordination and Policy, United States Environmental Protection Agency, 
Washington, D.C. 20640, USA 



Chapter-1 

WHERE WE STAND ON MERCURY 
POLLUTION AND ITS HEALTH EFFECTS ON 
REGIONAL AND GLOBAL SCALES 

Nicola Pirrone1 and Kathryn R. Mahaffey2 * 

1 CNR-Institute for Atmospheric Pollution, Division ofRende, 87036 Rende, Italy 
2 Office of Science Coordination and Policy, United States Environmental Protection 

Agency, Washington, D.C. 20640, * see disclaimer below. 

INTRODUCTION 

It is widely accepted in the scientific community that mercury (Hg) 
contamination of ecosystems and subsequent human exposure remains a serious 
environmental hazard. The ability of Hg to distribute globally via the 
atmosphere has received increasing attention in recent years and has 
emphasized the need for a global perspective in both research, monitoring and 
policy making. The aim of this chapter is to provide an overview of our 
understanding of the mercury pollution problem in relation to both its global 
cycle and its negative effects on human health. 

MERCURY IN THE GLOBAL ENVIRONMENT 

It is well known that mercury is released to the global environment from a 
multitude of natural and anthropogenic sources. Once released to soil, water and 
atmospheric ecosystems it is re-distributed in the environment through a 
complex combination of chemical, physical and biological processes that can 

* Disclaimer: The statements in this publication are the professional views and opinions of the author and 
should not be interpreted to be the policies of the United States Environmental Protection Agency. 
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act with different time scales. Recent estimates indicate that natural sources 
(volcanoes, surface waters, soil and vegetation) contribute with 2700 tonnes of 
mercury released annually to the global atmosphere, whereas the contribution 
from major industrial sources account for 2250 tonnes per year (Pirrone et al., 
1996; Pirrone et al., 2001; Pacyna et al., 2003). Mercury emissions in Europe 
and North America contribute less than 25% to the global atmospheric 
emissions, where Asia account for about 40% of global total. The majority of 
the emissions originate from combustion of fossil fuels, particularly in the 
Asian countries (i.e., China, India). Combustion of coal is and will remain in the 
near future as the main source of energy in these countries. The emissions from 
stationary combustion of fossil fuels (especially coal) and incineration of waste 
materials accounts for approximately 70% of the total quantified atmospheric 
emissions from significant anthropogenic sources. As combustion of fossil fuels 
is increasing in order to meet the growing energy demands of both developing 
and developed nations, mercury emissions can be expected to increase 
accordingly in the absence of the deployment of control technologies or the use 
of alternative energy sources. 

Once released to the atmosphere, mercury and its compounds can be 
transported over long distances before being removed by particle dry deposition 
and wet scavenging by precipitation (i.e., Pirrone et al., 2000; Pirrone et al., 
2003a; 2003b; Hedgecock and Pirrone, 2001; 2004). The temporal and spatial 
scales of mercury transport in the atmosphere and its transfer to aquatic and 
terrestrial receptors depends primarily on the chemical and physical forms of 
mercury which drive their interactions with other atmospheric contaminants and 
with surface marine waters as well. Gaseous elemental mercury (Hg°) is 
relatively inert to chemical reactions with other atmospheric constituents, and is 
only sparingly soluble in pure water. Therefore, once released to the 
atmosphere, mercury can be dispersed and transported for long distances over 
hemispheric and global scales before being deposited to terrestrial and aquatic 
receptors. The concentration of Hg° in ambient air is mainly determined by the 
background concentration of around 1.5-1.8 ng m"3 in the Northern Hemisphere 
and 0.9 - 1.5 ng m"3 in the Southern Hemisphere (see Table I). Oxidised 
mercury (Hg(II)) and mercury bound to particulate matter (Hg(p)) are typically 
present in concentrations less than 1 % of the Hg° (Table I). 

Studies carried out in the last decade have shown that mercury is transported 
and deposited to very remote locations such as the Arctic as well as the 
Antarctica (i.e., Schroeder et al., 1998; Ebinghaus et al., 2002; Lindberg et al., 
2002; Sprovieri et al., 2002). The mechanism that primarily influence the 
transfer of mercury from the atmosphere to snow and ice pack is known as 
"Mercury Depletion Event (MDE)", this event or mechanism takes place (high 
deposition rate of mercury to the surface) primarily during the first few months 
of the Polar sunrise. The mercury depletion happens at the same time as the 
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surface-level ozone depletion (a separate phenomenon from the better known 
ozone depletion in the stratosphere). The net atmospheric input to Polar 
ecosystems resulting from this phenomena is not known in detail. Re-emissions 
of mercury occur from the snow surface and during snowmelt, but the depletion 
events may still result in significant input to the aquatic environment. In case 
this phenomenon shows up to be resulting in higher yearly mercury deposition 
rates in the Polar regions than in other regions of the world, this could mean 
that the Polar regions serve as "mercury cold traps" collecting an un-
proportionally high part of the global mercury emissions. This would fit well 
with the observed high mercury concentrations in the Arctic aquatic 
environment. Mercury depletion has now been observed in Alert, Canada 
(Schroeder et al., 1998; Lu et al., 2001), in Barrow, Alaska, USA (Lindberg et 
al., 2002), Svalbard (Berg et al., 2003; Sprovieri et al., 2005, see also Chapter 
28), in Greenland (Skov, 2002) as well as in the Antarctic (Ebinghaus et al., 
2002), and can thus be described as a generally occurring polar phenomena 
which may influence the total input to Polar ecosystems. 

Atmospheric deposition to marine waters is primarily driven by particle dry 
deposition and wet scavenging by precipitation mechanisms. Generally, the 
relative contribution of wet deposition accounts for about two thirds of the 
overall mercury budget entering to the marine system compared to particle dry 
deposition. However, in warm and dry region (i.e., Mediterranean) dry 
deposition was found to account for nearly 50% of the total flux (Pirrone et al., 
2003 a). Gas exchange of gaseous mercury between the top water microlayer 
and the atmosphere is considered the major mechanisms driving gaseous 
mercury from the seawater to the air (e.g., Pirrone et al., 2001b; Pirrone et al., 
2003a). 

Once released to marine waters, it undergoes a number of chemical and 
physical transformations (i.e., Mason et al., 2001). Hg°is found in the mixed 
layer and in deeper waters of the ocean with concentrations generally ranging 
from 0.01 to 0.5 pM (e.g., Horvat et al., 2003). Gas exchange via Hg reduction 
and volatilization is the major loss term for marine Hg. Due to the low 
solubility of Hg° in water, almost all the aqueous mercury is present as Hg(II) in 
the inorganic form and organic methylmercury. Mercury levels in fish 
constitute a long-standing health hazard and this environmental problem relates 
predominantly to the conversion of inorganic Hg to neurotoxic 
monomethylmercury (MMHg) and dimethylmercury (DMHg) (e.g., IARC, 
1994). 
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Table 1. Typical concentrations of mercury species in the Planetary Boundary Layer (PBL). 

Species 

Hg° 

(ngm-3) 

Hg(II) 

(Pgm"3) 

Hg(p) 

(ngm"3) 

CH3HgX 
(pgm"3) 

(CH3)2Hg 

(Pg m3) 

Hg(II) in 
precip. 
(ngL"1) 

Concentration 

0.5-1.2 

1.1-1.8 

0.8-2.2 

1.5-15 

0.1-1.4 

0.1-1.1 

1.7-4.1 

<30 

up to 40 

5 - > 5 0 

up to 200 

0.1 - 5 

0.1-25 

5->50 

up to 100 

0.1-10 

<5 

-30 

1-20 

Location 

Atlantic air, southern 
hemisphere 

Atlantic air, continental 
background, northern 
hemisphere 

Mediterranean air 

Continental air, 
urbanized, industrial 

Arctic 

Antarctica 

United States 

Background air 

marine and continental 

near sources 

Antarctica and Arctic 

Background air 

Marine (Mediterranean) 
air 

Continental background, 
higher near sources. 

Antarctica and Arctic 
Background air 

Background air 

Marine polar air 

Background / marine 
locations 

References 

UNEP, 2002 

Wangberg et al., 2001 EC, 
2001 

Sprovieri et al., 2003 

Pirrone et al., 2001; 2003a 

Sprovieri et al., 2000 

Sprovieri et al., 2002 

Ebinghaus et al., 2002 

Keeleretal., 1995 
Landis et al, 2002 

Sprovieri et al., 2003 

Pirrone etal., 2001; 2003a 

Wangberg e ta l , 2003 

Sprovieri et al., 2002 

Sprovieri et al., 2003 

Pirrone etal., 2001; 2003a 

Wangberg et al., 2003 

Sprovieri et al., 2002 

Lee et al., 2003 

Lee et al., 2003 

Wangberg etal., 2001 

Keeleretal., 1995 

Anthropogenic activities presumably increased the surface water marine Hg 
concentration by a factor three, an increase which resulted amongst others in 
elevated Hg concentrations in marine fishes (e.g., Amyot et al., 1997; Horvat et 
al, 2001). It is currently thought that most of the methylated Hg found in the 
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water column and the biota of the marine waters is generated by in-situ 
production, though the reaction mechanisms are not yet clearly understood 
(e.g., Mason et al., 2002; Hintelman et al., 1997). 

Once entered to terrestrial ecosystems, mercury is accumulated in forest soils 
(Steinnes et al., 1993) from where it is only slowly transported to surface and 
deep waters. In aquatic ecosystems, a fraction of the mercury directly deposited 
and transported from surrounding catchments is transformed into 
methylmercury compounds which are readily taken up and bioaccumulated in 
aquatic food-chains. 

Industrial discharges of mercury directly to water systems will have the 
same effect. Accumulation of mercury in forest soils may also lead to adverse 
effects on soil micro-organisms, which has a potential impact on mineralisation 
processes (Pirrone et al., 2001 and ref. herein). 

Mercury in the Technosphere 

Mercury is a natural component of the Earth, with an average abundance of 
approximately 0.05 ug g"1 in the Earth's crust, with significant local variations. 
Mercury ores that are mined generally contain about 1% mercury, although the 
strata mined in Spain typically contain up to 12-14% mercury. While about 25 
principal mercury minerals are known, virtually the only deposits that have 
been harvested for the extraction of mercury are cinnabar. Mercury is also 
present at very low levels throughout the biosphere. Its absorption by plants 
may account for the presence of mercury within fossil fuels like coal, oil and 
gas, since these fuels are conventionally thought to be formed from geologic 
transformation of organic residues. As described in detail by Maxon (this 
volume - Chapter 2) the mercury available on the world market is supplied 
from a number of different sources, including: 

• Mine production of primary mercury either as the main product of the 
mining activity, or as by-product of mining or refining of other metals 
(such as zinc, gold, silver) or minerals; 

• Recovered primary mercury from refining of natural gas (actually a by­
product, when marketed, however, is not marketed in all countries); 

• Reprocessing or secondary mining of historic mine tailings containing 
mercury; 

• Recycled mercury recovered from spent products and waste from 
industrial production processes. Large amounts (reservoirs) of mercury 
are "stored" in society within products still in use and "on the users 
shelves"; 
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• Mercury from government reserve stocks or inventories; 
• Private stocks (such as mercury in use in chlor-alkali and other 

industries), some of which may later be returned to the market. 

Since the industrial revolution, due to its unique physico-chemical properties 
(i.e., high specific gravity, low electrical resistance, constant volume of 
expansion), mercury has been employed in a wide variety of applications (i.e., 
manufacturing, dentistry, metallurgy). As a result of its use the amount of 
mercury mobilised and released into the atmosphere has increased compared to 
the pre-industrial levels. In the past, a number of organic mercury compounds 
were used quite widely, for example in pesticides (extensive use in seed 
dressing among others) and biocides in some paints, pharmaceuticals and 
cosmetics. While many of these uses have diminished in some parts of the 
world, organic mercury compounds are still used for several purposes. Some 
examples are the use of seed dressing with mercury compounds in some 
countries, use of dimethylmercury in small amounts as a reference standard for 
some chemical tests, and thimerosal (which contains ethylmercury) used as a 
preservative in some vaccines and other medical and cosmetic products since 
the 1930's. As the awareness of mercury's potential adverse effects to health 
and the environment has been rising, the number of applications (for inorganic 
and organic mercury) as well as the volume of mercury used have been reduced 
significantly in many of the industrialised countries, particularly during the last 
two decades. Therefore as metal, mercury uses (just to cite few applications and 
uses) are (UNEP, 2003; see also Chapter-2 herein): 

• for extraction of gold and silver 
• as a catalyst for chlor-alkali production 
• in manometers for measuring and controlling pressure 
• in thermometers 
• in electrical and electronic switches 
• in fluorescent lamps 
• in dental amalgam fillings 

As chemical compounds (among others): 

• in batteries (as a dioxide) 
• biocides in paper industry, paints and on seed grain 
• as antiseptics in pharmaceuticals 
• laboratory analyses reactants 
• catalysts 
• pigments and dyes (may be historical) 
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• detergents (may be historical) 
• explosives (may be historical) 

HEALTH EFFECTS 

Both humans and wildlife are adversely affected by multiple chemical forms 
or chemical species of mercury, although specific changes within the organ 
system predominantly affected differs with the chemical form of mercury. For 
example, renal or kidney dysfunction accompanies exposure to inorganic 
mercury, but the nervous system is adversely affected by all three major forms 
of mercury found in the environment: mercury vapor, inorganic mercury, and 
methylmercury. It is important, however, to recognize that the specific types of 
neurological damage produced following mercury exposures differ with the 
chemical form of mercury. For all three forms the severity of the damage varies 
with the intensity and duration of exposure (i.e., the dose). 

Adverse human health effects range from those detectable only with 
specialized testing protocols and sophisticated instruments to gross, clinically 
evident abnormalities, as well as death. It is unclear at this time the extent to 
which neurological damage produced by concurrent exposure to multiple forms 
of mercury produces additive or cumulative neurological damage. Concurrent 
exposures to both mercury vapor, inorganic mercury, and methylmercury have 
been identified in people living in artisanal mining areas with long-term 
environmental contamination secondary to mercury in mining wastes. Within 
these regions bioaccumulation of methylmercury by the aquatic food chain 
causing elevated methylmercury accumulation among fish-consuming workers 
and their families who live in these geographic areas has been found. 

The effects of mercury on organ systems in addition to the nervous system 
include the cardiac, immune, and endocrine functions. Although described in 
the medical literature, these adverse effects have not yet been incorporated into 
risk assessments used by countries and world public health organizations in 
setting regulatory standards or policies aimed to protect public health. 

Vulnerability to effects of methylmercury in particular depends on age, in 
addition to dose and duration of exposure. Specifically methylmercury 
adversely affects the developing fetal brain at far lower exposures than 
adversely affect the adult's nervous system. This was first observed in 
Minamata, Japan during the major outbreak in the 1960s where women who 
themselves were minimally symptomatic gave birth to infants with substantial 
neurological problems (Harada, 1977). This difference reflects methylmercury's 
interference with fetal brain development. 

Neurological development during fetal life must progress in an exquisitely 
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programmed series of steps that must occur in a timed sequence for normal 
neurological outcomes. A number of mechanisms through which 
methylmercury impairs in utero development have been identified (Rice and 
Barone, 2000). It is not entirely clear which of these is the "most critical", but it 
is clear that there are many opportunities for methylmercury to impair 
neurological development. 

METHYLMERCURY 

What makes methylmercury important to wildlife and human health is that it 
bioaccumulates in the aquatic food chain. Some wildlife are obligate piscivores 
consuming only fish and shellfish. Examples, include other fish, birds, and 
mammals. Methylmercury (released from other organomercurials) which had 
been added to seed grains in the 1950s and 1960s as a preservative resulted in 
death of birds in Europe and the United States (US EPA, 1997). Methylmercury 
is now understood not simply to kill birds at high doses and produce overt 
symptoms at lower doses, but also to prevent reproduction in wild birds 
including the common loon (Barr, 1986) and common tern (Fimreite, 1974) and 
cause neurological damage (Henny et al., 2002). 

Fish which are generally thought of as a source of methylmercury to 
piscivores, including humans. However, as additional toxicology information 
has been obtained in the past decade, fish are no longer simply regarded as a 
source of methylmercury, but are themselves adversely impacted by 
methylmercury exposure as shown by reduced growth in walleye (Freidmann et 
al., 1996) and reduced reproduction of fish spescies including the fathead 
minnow (Hammerschmidt et al., 2002) through alteration of reproductive 
endocrinology (Drevnick and Sandheinrich, 2003). Because effects of 
methylmercury on wildlife reproduction and health are complex and publication 
of significant key studies occur at a rapidly accelerating pace, no attempt has 
been made to include these in this volume despite their importance. 

Because methylmercury exposure is so closely linked to consumption offish 
and shellfish, nutritional considerations are a major issue, particularly in 
geographic regions with few choices in available food resources (Mahaffey, 
2004). Fish and shellfish supply protein, omega-3 fatty acids, vitamins and 
minerals (IOM/NAS, 2002). Omega-3 fatty acids, in particular, are critical to 
normal development of the fetal nervous system (IOM, 2002). A complex 
epidemiological situation is emerging in which the same variable (i.e., fish and 
shellfish consumption) is associated with both beneficial (e.g., omega-3 fatty 
acids) and adverse (e.g., methylmercury) effects on neurological development. 
Although affected by both of these constituents of fish, different domains of 
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neurological function are affected by these chemicals. Recognizing that fish 
provide important nutrients, actions to control pollution that preserve fish and 
shellfish resources for both wildlife and people are essential. 

Although environmental releases of inorganic mercury and mercury vapor 
raise great concern for human health and wildlife because these are methylated 
and bioaccumulate in the aquatic food web, humans also are directly exposed to 
additional forms of mercury. Multiple uses of mercury in products that may be 
sold to the general population, such as cosmetics and both regulated and 
unregulated "medical" remedies, can result in exposures to both inorganic 
mercury and organo-mercurials. Occupational exposures to mercury vapor and 
inorganic mercury through industry and mining (particularly Artisanal gold 
mining) dramatically increase the risk of mercury toxicity for part of the 
population. Combined with methylmercury exposure the risk of mercury 
toxicity is further increased. 

RISK ASSESSMENTS 

Most risk assessments for methylmercury are based on damage to the fetal 
nervous system as the most sensitive health endpoint (Table 2). Many 
government regulations and public health decisions rely on these risk 
assessments. The World Health Organization's assessment in 1990 indicated 
that there was a 5% risk of damage to fetal neurological development when 
maternal mercury exposures resulted in maternal hair mercury concentrations 
exceeding 10 ppm (WHO, 1990). Subsequent to this assessment, a series of 
epidemiological studies have been carried out using both longitudinal and 
cross-sectional approaches. Most of these investigations are still active and 
continue to yield new data. There has been a clear trend in the past decade to 
adoption of more public health protective standards for methylmercury. 

Comparison of risk assessments for methylmercury developed during the 
past decade emphasizes differences in the accepted margins between exposures 
that produce recognized adverse effects and those judged to be an accepted 
level of exposure. These differences, frequently referred to as "uncertainty 
factors" are intended to protect members of the population by allowing for 
variability and uncertainty in toxicodynamics and toxicokinetics of 
methylmercury. Uncertainty factors broadly reflect two areas: variability 
between individuals and/or groups, and effects or differences that simply are not 
recognized at the time the assessment is made. 

Dealing first with variability described as differences in toxicodynamics and 
toxicokinetics. Generally person-to-person variability in toxicodynamics is 
under-described and risk assessments often need to rely on default values which 
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are typically not data-derived for the specific assessment (Reference 
Dose/Reference Concentration Technical Panel, 2002). Toxicokinetic factors 
are more frequently data derived (Reference Dose/Reference Concentration 
Technical Panel, 2002). Typically the data-derived component of toxicokinetic 
factors substantiates the range of person-to-person variability, or when fetal risk 
is the health end-point of concern maternal/fetal pair-maternal/fetal pair 
variability. Occasionally an area of variability may be known qualitatively and 
only as data are assessed through more advanced statistical procedures can the 
magnitude of the variability be better described. An example of this is the 
concentration of methylmercury across the placenta from maternal blood to 
cord blood. 

Uncertainty factors are present to reflect effects that are only partially 
understood and/or differences that there are not yet data sufficient to provide 
quantitative estimates of variability. Examples for methylmercury include the 
possible effects of methylmercury on coronary heart disease (Salonen et al., 
1995; Guallar et al., 2002; Yoshizawa et al., 2002), as well as methylmercury's 
effects on the endocrine and immune systems. Over time, as evidence for the 
effect of a chemical on an organ system accumulates, such data may change the 
basis of risk assessments. An example was seen for inorganic lead between the 
1970s and the 1980s. During the 1970s almost public health screening programs 
and risk recommendations for health intervention to protect children against 
lead poisoning were based on changes in the hematopoietic pathway, 
specifically increases in free erythrocyte protoporphyrin (Centers for Disease 
Control, 1978). Free erythrocyte protoporphyrin increased exponentially with 
increasing blood lead concentration with an apparent threshold effect at a blood 
lead concentration between about 15 and 18 ug Pb/dL whole blood (Piomelli et 
al., 1982). This strategy was used in public health screening programs for 
children at a time when the neurobehavioral effects of lead were thought to 
occur if blood lead concentrations exceeded 30 ug/dL (Centers for Disease 
Control, 1978). After approximately the mid-1980s as the effects of early 
childhood lead exposure on intellectual development associated with blood lead 
exposures near 10 jj.g Pb/dL whole blood became clear, risk assessments shifted 
in two ways. The assessments were based on inorganic lead's impact on 
intelligence in young children rather than on impaired hematopoiesis. The 
second change was that rather being concerned about exposures producing 
blood lead concentrations in the range of 25 ug/dL (associated with 
hematopoietic changes), exposures producing blood lead concentrations of-10 
ug/dL became of concern because of neuro-behavioral effects (United States 
Centers for Disease Control, 1991). 

What will the future holds for risk assessments of methylmercury? Inclusion 
of cardiac effects and/or adult neurotoxicity as sensitive health endpoints would 
greatly modify the size of the population of immediate concern. It is also 
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possible that as complex, highly adaptable organ systems - of particular interest, 
mercury's effects on the immune system and on the endocrine system - are 
more throughly evaluated, these may respond adversely to methylmercury at 
exposure levels even lower than those currently of concern as adversely 
affecting fetal neuro-development. 

It is abundantly clear that fish, shellfish, and other constituents of the aquatic 
food web are extraordinarily important food sources of high quality protein, 
omega-3 fatty acids, vitamins, and minerals. Maintaining low methylmercury 
concentrations in food sources that supply these nutrients is needed for the well 
being of all. Continued contamination of these aquatic food sources with 
methylmercury will further diminish the food supply of this planet. 

GAPS IN OUR UNDERSTANDING 

Although our understanding of the global atmospheric cycle including its 
interfaces with land, water and vegetation has improved greatly in recent 
decades, we are not yet at a scientific level where we can explain observations 
of Hg levels in different ecosystems globally or precisely predict the benefit of 
different scenarios of emission reduction. 

In assessing the relative contribution of different patterns/mechanisms 
affecting the cycle of mercury within and between different ecosystems and its 
impact on ecosystems and human health, a number of questions, though 
significant improvement have been made in recent years, still remain to be 
answered, these questions are briefly reported below. 

With reference to the Retention of Mercury in the Ecosystems: 

• How much of atmospherically-deposited Hg is returned in ecosystems 
in short-term and in long-term? 

• Can we better predict rates of volatilisation of deposited Hg? 
• Can we better understand the difference between levels of deposition 

and re-emission for different ecosystem types? 
• Is there any development of watershed budgeting methods for Hg 

including significant but poorly understood influences such as forest 
fires? 
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Table 2. Exposure Limits for Methylmercury. 

US FDA 

Health 
Directorate 
Canada 
World Health 
Organization 

US-EPA 

1 US Agency for 
Toxic 
Substances and 
Disease 
Registry 

1 Health Canada -
Health 
Protection 
Branch 
Kommission 
"Human-
Biomonitoring" 
des 
Umwelbundesa 
mtes (Germany) 

Joint Expert 
Committee on 
Food Additives 

Date 

1970s 

1990 

1990 

2000 

1999 

1998 

1999 

2003 

Recommended Limits 

Acceptable Daily Intake = 0.4 
ug/kgbw/day 
0.47 ug/kgbw/day. 

0.48 ug/kgbw/day 

Maternal hair mercury levels in the 10 
ppm - 20 ppm range 

Reference Dose = 0.1 ug/kgbw/day 

Minimal Risk Level = 0.3 ug/kgbw/day 

Provisional Tolerable Daily Intake = 0.2 
ug/kgbw/day 

Recommended limit values for inorganic 
and organic mercury for general 
populations, occupationally exposed 
groups, and sensitive subpopulations. 

HBMI of 5 ug/L for organic mercury 
among women of reproductive age: 
corresponds to maternal hair mercury 
concentration of 1.5 ug/g using a 1:300 
conversion 

1.6 ug/kgbw/day Provisional Tolerable 
Weekly Intake (PTWI). 
JECFA Committee utilized a mean 
maternal hainblood ratio of 250 and a 
factor of 2 for likely inter-individual 
variability. For inter-individual 
pharmacokinetic variability, a UF of 3.2 
was used in converting maternal blood 
concentration to a steady-state dietary 
intake. 

Critical Effects and 
Target Group 
Paresthesia in adults. 200 ug Hg/L 
whole blood. 50 ppm Hg in hair. 
General population. Same as US 
FDA 1970. 

Paresthesias in adults. Same as US 
FDA 1970. 
5% risk of neurological deficits in 
the child following fetal exposure 
secondary to maternal ingestion of 
methyl-mercury sufficient to 
produce maternal hair mercury 
levels in the 10 ppm - 20 ppm 
range. 
Maternal/fetal pair. BMDL of 11 
ppm in hair. UF of 10. Fetal/cord 
blood [Hg] of 58 ug/L. Delays and 
deficits in neuropsychological 
development and neuromotor 
function following in utero 
methylmercury exposure. 
Maternal/fetal pair. 
Delays ad deficits in 
neuropsychological development 
and neuromotor function following 
in utero methylmercury exposure. 
Maternal/fetal pair. BMDL of 11 
ppm in hair. UF of 5. 

Fetal nervous system. HMBI of 5 
ug/L in blood or hair of 1.5 ppm 
mercury. HMB II of 15 ug Hg/L 
blood or ~ 4 to 5 ppm Hg in hair. 

HMB I: Women whose blood 
mercury exceeds these levels are 
advised to restrict fish consumption 
and/or restrict the use of 
methylmercury-containing 
pharmaceuticals. HMB II: 
Additional interventions 
recommended. 
PTWI considered sufficient to 
protect the developing fetus. 
Committee calculated a composite 
hair mercury from Faroes and 
Seychelles of 14 mg/kg maternal 
hair to be without appreciable 
adverse effects in the offspring. 
Total UFof6.4 (2x3.2). 
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With reference to the Ecosystem Sensitivity: 

• How can we predict/understand the wide variability among lakes/rivers 
in biotic Hg concentrations? 

• Have the effects of watershed manipulation (i.e., fishery, agriculture) on 
fish Hg levels been adequately understood? 

With reference to the Ecosystem Toxicity: 

• What are the key receptors? 
• What environmentally concentrations are of key importance to be 

monitored? 
• What impact do elevated fish Hg concentrations have on fish and on 

their predators? 
• What appropriate Hg threshold values to protect soil micro-biota 

under different ecological conditions? 

With reference to the Ecosystem Response Time: 

• How much time is needed for environmental concentrations to 
respond to changes in atmospheric Hg depositions? 

With reference to the Human Health: 

• What are the toxic effects of different levels and combined species of 
inorganic and organic Hg? 

• Are there known mixture effects of mercury exposure and exposure to 
other neurotoxicants commonly found in fish and shell fish? 

• What are the long-term effects of low dose exposure at critical life 
stages in addition to the recognised neurotoxic effects of mercury and 
methylmercury exposure? 

To answer these questions, there is a need to fill existing gaps in our 
understanding of different chemical and physical mechanisms involved in the 
dynamics of mercury within and between atmospheric, marine and terrestrial 
ecosystems. The following may represent the most significant questions in 
relation to atmospheric and marine processes: 

• what are the variations in the regional and global mercury cycle between 
atmospheric, marine and terrestrial ecosystems over time that can occur 
with changes in emissions of mercury and other atmospheric 
contaminants (e.g., NOx, SO2) as well as with climate change. The 
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effects driven by climate change on the global mercury cycle has not 
received a great attention, though on short- and long-term, it is believed 
to represent the major driving mechanism that may influence the re­
distribution of mercury on global and regional scales. The effects of 
climate change can be classified as primary and secondary effects. 
Primary effects account for an increase in air and sea temperatures, wind 
speeds and variation in precipitation patterns, whereas secondary effects 
are related to an increase in O3 concentration and aerosol loading, to a 
decrease of sea ice cover in the Arctic and changes in plant growth 
regimes. All these primary and secondary effects may act with 
difference time scales and influence the atmospheric residence time of 
mercury and ultimately its dynamics from local to regional and global 
scale; 

• recent research suggests that through consideration of the r ole 0 f 
halogen and OH radical chemistry involving Hg compounds in the 
marine boundary layer (MBL) better deposition estimates of Hg (and its 
compounds) could be obtained; 

• gaseous Hg exchange at the air-water interface is primarily driven by 
chemistry in the lower layer of the atmosphere, chemical and biological 
processes in the marine system and water wave dynamics; the 
combination of these three mechanisms and their relative magnitude are 
still unclear; 

• in order to develop global assessment models for mercury, there is a 
need to promote a global mercury monitoring network aimed to assess 
long-term changes in mercury concentrations in the atmosphere, marine 
and freshwater reservoirs with reference to primary ecological and 
public health indicators; 

• although stocks of different Hg compounds in the marine system are 
relatively well quantified, translocations of Hg from one compartment to 
the other remain largely unknown. In addition the role of sediments and 
micro-organisms in the biogeochemical cycling of Hg is not yet 
completely understood; 

• qualitative as well as quantitative information about complexing ligands 
for Hg that act as carriers from one compartment to another (water to 
plankton, plankton to higher trophic level) as well as from one 
ecosystem to another is scarce and requires a further investigation; 

• bacterially mediated production of organomercury compounds is 
recognised as an important control function of the Hg introduction in the 
food chain. Preliminary studies have also shown that demethylation may 
also occur in seawater (due to photodegradation) or in sediments (due to 
bacterial activity), simultaneously with the methylation process. A better 



CHAPTER-]: WHERE WE STAND ONHG POLLUTION 15 

understanding of these factors/mechanisms will certainly help improve 
our capabilities in modeling the fate of mercury in the marine system. 

INTERNATIONAL ACTIONS ON MERCURY 

Past a nd o n-going i nitiatives a imed t o r educe t he i mpact o f m ercury 
pollution on the environment and human health, including waste management 
practices, have been taking place at national and international levels (see 
UNEP, 2003; EC, 2003). Detailed information on regional and global 
agreements, instruments, organisations and programmes tackling aspects of the 
mercury problem is provided in detail elsewhere (UNEP, 2003; EC, 2004; 
Chapters 4, 5, 6 of this volume), therefore, only a brief overview of the main 
initiatives is given here. 

• The 1998 Protocol on Heavy Metals under the UNECE Convention on 
Long-Range Trans boundary Air Pollution (LRTAP). Provisions of the 
protocol require parties to reduce total annual emissions of mercury into 
the atmosphere, secure application of the best available techniques for 
stationary sources, and consider applying additional product controls. 
The protocol entered into force on 29 December 2003. 

• The OSPAR Convention for the Protection of the Marine Environment of 
the North-East Atlantic. The Convention's objective of preventing and 
eliminating pollution is reflected in a strategy on hazardous substances, 
agreed in 1998. This has the ultimate aim of achieving concentrations in 
the marine environment near background values for naturally occurring 
substances (such as mercury) and close to zero for man-made synthetic 
substances, with every endeavour to be made to move towards the target 
of cessation of discharges, emissions and losses of hazardous substances 
by 2020. 

• The Helsinki Convention on the Protection of the Marine Environment 
of the Baltic Sea Area. The Convention aims to prevent and eliminate 
pollution in order to promote the ecological restoration of the Baltic Sea 
Area and the preservation of its ecological balance. Its objective is to 
prevent pollution by continuously reducing discharges, emissions and 
losses of hazardous substances towards the target of their cessation by 
2020. The ultimate aim is to achieve concentrations in the environment 
near background values for naturally occurring substances and close to 
zero for man-made synthetic substances. 

• The UNEP Mediterranean Action Plan (MAP). MAP is an effort 
involving 21 countries bordering the Mediterranean Sea, as well as the 
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EU. There are three protocols which control pollution to the sea, 
including the input of hazardous substances. 

• The Basel Convention on the Control of Trans boundary Movements of 
Hazardous Wastes and their Disposal. The Convention strictly regulates 
the transboundary movements of hazardous wastes and establishes 
obligations for parties to ensure such wastes are managed and disposed 
of in an environmentally sound manner. Any waste containing or 
contaminated by mercury or its compounds is considered hazardous 
waste and is covered by the provisions of the Convention. Hazardous 
wastes may not be exported from the EU or OECD for disposal, 
recovery or recycling in other countries. 

• The Rotterdam Convention on the Prior Informed Consent Procedure 
for Certain Hazardous Chemicals and Pesticides in International Trade. 
The Convention establishes the principle that export of specified 
chemicals and pesticides can only take place with the prior informed 
consent of the importing party. At present, mercury compounds used as 
pesticides are covered by the PIC procedure, but mercury and its 
compounds intended for industrial use are not. 

• The Arctic Council Action Plan to Eliminate Pollution of the Arctic 
(ACAP). The Arctic Council is a high-level intergovernmental forum 
that provides a mechanism to address the common concerns and 
challenges faced by the Arctic governments and peoples. Planned 
activities include identification and quantification of major point 
sources, with the aim of implementing concrete emission reduction pilot 
projects. 

• The Nordic Environmental Action Programme 2001-2004. This 
programme establishes environmental priorities within the framework of 
Nordic cooperation in the fields of nature and the environment. It 
follows up on commitments in a Nordic sustainable development 
strategy, which has as one of its objectives the discontinuation within 25 
years of discharges of chemicals posing a threat to health and the 
environment. 

• International action relating to artisanal gold mining. A number of 
international bodies have worked on this issue, including the 
International Labour Organisation, the World Bank, and the United 
Nations Industrial Development Organisation. 

• UNEP Mercury Programme. As widely referred to in this paper 
considerable work has been undertaken under the auspices of UNEP 
Chemicals in the context of the Global Mercury Assessment. 

The brief overview reported above, shows that a considerable range of 
measures have been implemented at the national and regional levels to deal with 
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mercury and mercury compounds. Through such measures, a number of 
countries have achieved substantial reductions in emissions and releases of 
mercury from products and industrial processes. In addition, a number of 
coordinated regional approaches, both binding and non-binding have supported 
national measures and contributed to additional reductions beyond national 
borders. 

Despite these successful national and regional initiatives (see UNEP, 2003 
for details), some countries consider that they might not be sufficient to ensure 
adequate protection of human health and the environment from the adverse 
effects of mercury, and are calling for the consideration of coordinated 
initiatives at the international level. If it is found that there are global problems 
related to mercury that should be addressed, it might be essential to the 
effectiveness of any reduction measures for the substantive commitments to be 
discussed and agreed at the international level. Any specific regional or national 
considerations may be addressed taking into account common but differentiated 
responsibilities within the commitments agreed to. 
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INTRODUCTION 

The intent of this chapter is to provide an overview of the global 
economics of mercury - supply and demand, mercury markets and pricing, 
and in more detail, global trade in mercury, with an occasional focus on the 
particularities of the European Union and the US. The chapter is based 
extensively on recent work of the author for the European Commission 
(Maxson, 2004), and includes a number of updates of data and other relevant 
information built upon that foundation. Where not otherwise noted, that 
reference may be consulted for further detail. 

The connection between the economic perspective offered in this chapter, 
and the rest of the book, lies in three main areas: 

1. The economics of mercury need to be a necessary component to any 
policy-making exercise, and especially to any international initiative 
or strategy. 

2. This analysis contributes a fresh perspective to setting priorities 
when some groups - and rightly so - are discussing reducing human 
exposures by micrograms, while the final destination of hundreds of 
tonnes of traded mercury annually is not known with any certainty. 

3. An eventual linking of the physical movements of traded mercury, as 
described here, with emission and transport models would be highly 
valuable both to scientists and to policy-makers. 
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If this chapter succeeds in demonstrating the value of an economic 
perspective to the international policy debate, the result will be sufficient 
reward for the author's efforts. 

MERCURY SUPPLY 

The global supply of mercury comes mainly from prime mined (virgin) 
mercury, secondary mercury recovered as a by-product of mining other ores, 
secondary mercury coming from recycling or waste processing, residual 
mercury recovered from decommissioned chlor-alkali facilities, and other 
mercury occasionally released from government or industry inventories or 
stockpiles. 

The supply of prime mercury to the world market is dominated by three 
key nations that mine mercury for export (Spain, Kyrgyzstan and Algeria), 
and China, which has long supplied its domestic market, and supplemented 
that supply with substantial imports of mercury as well during the last 10-15 
years. China has made some noise recently about closing its larger mercury 
mines, apparently in response to increased international scrutiny, although 
there is no sign as yet that these operations have stopped. Spain stopped its 
underground mercury mining operations in 2002, but continues to produce 
mercury from a massive stockpile of previously mined cinnabar, and 
"reserves the right" to resume mining as necessary to meet its customers' 
ongoing demands for some 1000 tonnes of elemental mercury per year. 
World production of prime mercury in 2003 amounted to over 1600 tonnes, 
of which 745 tonnes were produced by Spain (MAYASA, 2004), 234 tonnes 
by Algeria ',397 tonnes by Kyrgyzstan2, and probably well over 200 tonnes 
by China3. 

The production of secondary "by-product" mercury, i.e., mercury that is 
recovered from mining or processing activities where the primary mineral is 
gold, silver, copper, zinc, etc., amounted to at least 1000 tonnes in 2003 4. 

Recycled and recovered mercury from products and wastes are quite 
difficult to estimate worldwide. However, based on information from the 
major recyclers in Europe and the US, total recycled/recovered mercury (not 
including mercury recovered from decommissioned chlor-alkali facilities) 
was probably in the range of 600 tonnes in 2003 5. 

Residual mercury recovered from decommissioned chlor-alkali facilities 
amounted to 227 tonnes in Europe in 2003 6; details from other parts of the 
world were unavailable. Considering that most of the European mercury cell 
chlor-alkali plants will be closed or converted by 2020, in line with an 
industry commitment7, and that these plants hold some 12,000 tonnes of 
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commodity-grade mercury8'9, 2003 was a below-average year for this source 
of mercury in the EU. 

On the other hand, the members of the industry association Euro Chlor 
and the Spanish mercury mining and trading company, MAYASA, have 
signed an agreement whereby the chlor-alkali industry has agreed to sell its 
residual mercury to "an established mercury producer so as to displace new 
production of the equivalent quantity of virgin mercury." Thus, even during 
years when quantities of residual mercury from chlor-alkali plants are greater 
than they were in 2003, total world production of mercury would, in 
principle, not be affected by such an increase. While the Euro 
Chlor/MAYASA agreement clearly represents an effort by the signatories to 
responsibly address the potential problem of surplus mercury on the world 
market, some hold the view that there are not yet adequate controls on where 
the Euro Chlor mercury might eventually be sold or how it might be used. 

Due to a range of factors - government subsidies to mercury production 
by mines, sales of mercury holdings from the US and the USSR 
governments, significant sales of mercury inventories from closing chlor-
alkali plants, significant and increasing recovery of secondary mercury as a 
by-product of other mining operations, increasing mercury recycling 
activities, and greatly shrunken demand for mercury within industrialized 
economies - there has been an abundance of mercury available to the market 
during recent decades, forcing mercury prices down and holding them at a 
historically low level. This has led to the closure of all private mines, and 
curtailment of production at any but the lowest-cost remaining government 
sponsored (or owned) mines. According to Hylander (2003) and Maxson 
(2004), the global commodity mercury supply from 1991-2000 has averaged 
about 4000 tonnes per year, and based on the various sources described 
above, in 2003 is estimated in the vicinity of 3600 tonnes. 

MERCURY DEMAND 

Demand for mercury has long been widespread, although the global 
mercury commodity market is small in both tonnage and value of sales. 

Even though mercury may routinely be traded several times before final 
"consumption," the available statistics demonstrate that yearly trades of 
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Figure 1. Global Mercury Supply 1981-2003. 

Sources: Hylander (2003), Maxson (2004) and author calculations for 1998-2003 based on 
data concerning MAY ASA production, chlor-alkali residual Hg, secondary sources, etc. 

mercury and its compounds probably do not exceed €20 million, or $US 25 
million. Most transactions are among private parties and not publicly 
reported. While continuing its long-term decline in most of the OECD 
countries, there is evidence that demand for mercury remains relatively 
robust in many developing economies, yet there is little public data 
pertaining to its end use in many nations. 

Mercury is consumed in a broad range of products and processes around 
the world. The major categories of mercury demand in OECD countries 
include: 

chlor-alkali production 
dental amalgams 
fever and other thermometers 
other measuring and control equipment 
mercuric oxide and other batteries 
neon, compact fluorescent, HID and other energy-efficient lamps 
electrical switches, contacts and relays 
laboratory and educational uses 
other industrial processes requiring catalysts, etc. 
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• pharmaceutical processes, products and preservatives 
• other product uses, such as cosmetics, fungicides, toys, etc. 

Additional categories of mercury demand more prevalent in, but not 
exclusive to, less developed countries include: 

• artisanal gold mining 
• cosmetics 
• cultural uses and traditional medicine 
• paints and pesticides/agricultural chemicals. 

While the last 15-20 years have shown a significant reduction of mercury 
use in the OECD countries, mercury demand in many developing countries, 
especially South and East Asia (in the case of mercury use in products and 
artisanal gold mining), and Central and South America (in the case of 
artisanal gold mining) has been robust. The main factors behind the decrease 
in mercury demand in the OECD are the substantial reduction or substitution 
of mercury content in regulated products and processes (paints, batteries, 
pesticides, chlor-alkali, etc.), and a general shift of mercury product 

2003 EU mercury consumption (tonnes) 

Other uses (25) 

Electrical 
control & 

switching 

Lighting (21) 

Measuring and 
control (26) 

Chlor-alkali 
(120) 

Dental 
amalgam (70) 

Batteries (15) 

Figure 2. 2003 EU mercury consumption (tonnes). 

Sources: Maxson (2004) Nordic Council (2004). 
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manufacturing operations from OECD countries to third countries 
(thermometers, batteries, etc.). 

A breakdown of mercury demand among different categories of use 
within the EU is presented below. Other than the chlor-alkali industry, where 
the mercury cell process is more widely used than in other parts of the 
OECD, this distribution of mercury uses is reasonably representative of the 
rest of the OECD. 

With regard to the largest category shown, mercury demand by chlor-
alkali plants in the EU-15 region is estimated at 120 tonnes for 2003 10. It 
should also be noted that the chlor-alkali plants located in the 10 newest EU 
Member States may consume another 100 tonnes of mercury or more 11, 
although formal reporting of these data is not yet routine for all of these 
plants. While the addition of the 10 new Member States to the EU will 
change this graph to show a higher mercury demand in all categories -
although no increase in demand will be as substantial as that for the chlor-
alkali industry - in general mercury use in all categories may be expected to 
decrease gradually, with the exception of mercury in dental amalgams and 
lighting. 

The characteristics of mercury demand for the EU should be compared 
with the breakdown for global demand below. While global chlor-alkali 
demand for mercury remains large, it is probably still exceeded by mercury 
demand in batteries and small-scale gold mining, which are far less 
significant in the EU. 

With regard to specific mercury demand categories, on average, the non-
OECD chlor-alkali facilities consume considerably more mercury than those 
in the OECD, as suggested in the table below for the year 2000. Reported 
chlor-alkali consumption of mercury by individual plants may vary 
significantly from year to year, but the total global consumption for 2003 is 
roughly the same as below. 

Recent detailed studies of mercury demand around the world for artisanal 
(small-scale) gold mining give an estimate of 800-1000 tonnes of mercury 
per year (Veiga, 2004). This demand may be drastically reduced in various 
ways, but the barriers are formidable with regard to the education and 
awareness-raising of frequently transient miners engaged in an activity that 
is formally illegal in many countries. 
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Table 1. Global mercury cell chlorine production capacity and 
mercury consumption (2000). 

Region 

Western Europe 

United States 

Rest of world 

Totals 

Mercury cell chlorine production 
capacity ('000 tonnes) 

6,592 

1,409 

4,200 

12,201 

Mercury 
consumption 

(tonnes) 

95 

72 

630 

797 

Sources: Euro Chlor (2001a, 2001b, 2002a); Chlorine Institute (2002); UNEP 
Chemicals (2002a). 

Previous estimates (Maxson, 2004) based on trade data, of global 
mercury demand for batteries as high as 1000 tonnes have found support in 
information gathered recently in China, presented in further detail in 
Chapter-27. In general, however, this use for mercury is believed to be 
declining worldwide. 

Finally, a demand category not often mentioned is acetylene-based 
production of vinyl chloride monomer (VCM, a raw material for PVC 
production) via mercury catalysts. This is based on preliminary information 
from Russia (ACAP, 2004) and China (Feng, 2004) and the China Plastics 
Industry Yearbook (2002-2003) statistic of 58 Chinese factories using the 
acetylene process in 2002, with a capacity of 2.42 million tonnes of PVC per 
annum. Based on a range of factors that need to be further analyzed, these 
Chinese plants could be consuming up to 300 tonnes of mercury per year, 
not to mention some additional plants in Russia and India using a similar 
process, etc. 

For purposes of this chapter, and pending further information and 
analysis, the author's highly uncertain but surely conservative working 
estimate of mercury consumption by all of these plants is at least 150 tonnes. 

At the same time, however, it must be stressed that until further 
information is received these facilities (similar to those implicated in the 
Minamata disaster) deserve to be the focus of immediate scrutiny because of 
their production process that generates large quantities of methylmercury, 
and their typically high mercury losses. 
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Figure 3. 2003 global mercury consumption (tonnes). 

Sources: Maxson (2004) and revisions, Nordic Council (2004). 

Largely as a result of increasing awareness and regulation, the global 
demand for mercury has declined from more than nine thousand tonnes 
annual average in the 1960s, to over eight thousand tonnes in the 1970s, and 
just under seven thousand tonnes in the 1980s. The average annual global 
demand for mercury continued declining to around four thousand tonnes in 
the 1990s 12 and, as described above, is currently below that level, of which 
less than 10 percent is consumed in the EU, and less than 10 percent in North 
America. 

Global mercury demand broken down by geographical region is 
estimated in the table below. 

MERCURY PRICES AND MARKETS 

As evident in the figure below, mercury prices have been on a downhill 
slide for most of the past 40 years. 
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Table 2. Global mercury demand by region (2003). 

Region 

European Union (15) 
North America 
Other OECD 
Central & Eastern Europe/CIS 
Arab States 
East Asia and Pacific 
Latin America & Caribbean 
South Asia 
Sub-Saharan Africa 
TOTAL 

Mercury demand (tonnes) 

302 
308 
100 
500 
100 

1350 
370 
450 
100 

3580 

Sources: Maxson (2004) and revisions, Nordic Council (2004). 

During the last 10 years they have stabilized at about their lowest levels 
ever - in the range of €4-5 per kg of mercury - before spiking up 
considerably in the middle of 2004 . Adjusting for inflation, mercury at €5 
per kg is worth less than five percent of its peak price during the 1960s. 

1960 1965 1970 1975 1980 1985 1990 1995 2000 

Figure 4. Mercury market price vs global mercury supply. 

Sources and notes: Maxson (2004) Market prices for mercury are an average of London 
prices(Metallgesellschaft, 1939-98), US prices (US Bureau of Mines, USGS 2002) and "world" 

prices from Roskill Information Services (Roskill, 2000). They have been converted to 
constant $US of 2000 for purposes of better long-term comparison. Significant data and 

methodological input provided by L. Hylander, Uppsala University. 



34 CHAPTER-2: GLOBAL MERCURY PRODUCTION, USE AND TRADE 

This price level reflects a chronic oversupply driven, increasingly, by the 
regulatory pressures on industry, e.g., to reduce emissions, to organize 
separate collection of mercury products, and to deal with the increasing 
restrictions and costs of mercury waste disposal by sending the wastes to 
recyclers. 

It may be argued that low mercury prices actually shelter existing uses, 
discouraging certain product and process innovations that would otherwise 
take place to reduce mercury demand if mercury were a more expensive 
commodity. For example, chlor-alkali factories, and even small-scale gold 
miners are under no significant economic pressure to reduce consumption of 
mercury, since the cost of mercury is such a low percentage of the value of 
their output. Therefore, there is little at present besides regulation or 
awareness-raising - both highly variable from one country or region to 
another - to discourage the use of mercury in products and processes. 
Meanwhile, economic theory suggests that low prices are slowing mercury 
substitution in products/processes and, combined with often half-hearted 
enforcement of existing regulations, and in the absence of a coherent 
international strategy to address the problem, may even be inviting new and 
additional uses of mercury. 

It has been observed that the market price for commodity mercury has 
increased from about $US 150 per flask in January 2001 to $US 205 per 
flask in January 2004. Not coincidentally, this is identical - within a few 
percentage points - to the appreciation of the value of the euro (and other 
major currencies) relative to the $US during the same period (see following 
figure). Therefore, for mercury brokers around the world who account for 
transactions and keep their books in currencies other than dollars, world Hg 
prices have not - until about mid-2004 - measurably increased since the 
early 1990s. 

As mentioned, the small market for commodity mercury is characterized 
by a limited number of virgin mercury producers, and a larger number of 
secondary mercury producers. These actors are complemented by another 
relatively small group of mercury traders and brokers, mostly located (in 
addition to the main mining sites) in the Netherlands, the UK, Germany, the 
US and Hong Kong. All of these "market-makers" buy and sell mercury, 
timing their trades to influence market movements and profit from price 
fluctuations. 

MAYASA, the Spanish mercury mining and trading company, purchased 
most or all of the USSR stockpile in the 1990s, for example. In recent years, 
as noted previously, MAYASA has also purchased residual mercury 
inventories from Western European chlor-alkali plants as they close or 
convert to a mercury-free process. 
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Figure 5. Mercury price vs. Exchange rate correlation. 

Note: Mercury prices from London Metals Exchange. 

Through a variety of public policies, governments may influence the 
mercury market; they may influence the available mercury supply, price, and 
even the number of customers on a global basis. Regulatory measures 
influence mercury movements and markets by encouraging educational 
programs, collection and recycling, substitutes for mercury products, etc. At 
the same time, it may be argued that regulatory programs keep mercury 
prices low by putting an effective negative value on mercury products and 
wastes, so that recyclers are sometimes even paid to accept them. In such 
circumstances, recyclers can process, recover and resell the mercury at a 
very low price while still making a profit. One can only wonder whether, in 
such a regulatory environment, the mercury market can really be described 
as a free market. At the same time, one should perhaps also question, in a 
world where free market mechanisms are generally held out as desirable, 
whether encouraging a free market in a toxic substance is in fact in the best 
interest of society. 

MERCURY TRADE 

Overview. An analysis of COMTRADE" mercury trade statistics 
confirms that regionally, North America and Europe have dominated 
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mercury markets in the past, but in recent years they have been overtaken by 
East Asia - especially China; and South Asia - particularly India and 
Pakistan. However, the EU continues to play a predominant role in the 
global trade of commodity grade mercury. The European Union imported 
nearly 400 tonnes of elemental mercury from non-EU countries in 2000, and 
exported over 1400 tonnes, while global movements of elemental mercury 
appeared to be well over 8000 tonnes - much of it changing hands 
repeatedly. In fact, on average, some two to three tonnes of elemental 
mercury appear in international trade statistics for each tonne of mercury 
consumed during the same year. 

Trade statistics concerning mercury are far from perfect, but they are able 
to reveal surprises, such as the COMTRADE evidence that, despite 
restrictions in OECD countries, there appears to be a very active trade in 
mercuric oxide batteries, especially through China, but also through the EU 
and the US. Tracing the flows of mercury through the economy demonstrates 
how fluid and global mercury trade really is. Mercury could be recovered 
from a Western European mercury cell chlor-alkali plant, sold to the Spanish 
mercury mining and trading company, shipped from Spain to Germany for 
further conversion into mercuric oxide, sold to mainland China for the 
manufacture of button-cell batteries, and the batteries exported to Hong 
Kong for incorporation into mass-produced watches for export to the 
European Union and the US. 

Purpose of trade flow analysis. The mercury supply and demand factors 
discussed previously have led to diverse and ever-changing trade flows, not 
to mention considerable challenges for those researchers trying to get a 
handle on them. As a check on overall levels of mercury supply and demand 
cited above, and to bring some transparency to mercury flows around the 
world, this section describes world trade flows of commodity mercury and 
mercuric oxide batteries. It takes a "snapshot" picture of world trade in the 
year 2000, which should not be assumed to mirror trade flows in other years 
(no two years are alike in the mercury business), but certainly provides a 
rough idea of typical trading partners, volumes and general market structure. 
This analysis also permits a better informed assessment of the eventual 
impact of the supplies of mercury that could be brought onto world markets 
as chlor-alkali plants continue to close and/or convert to other processes, and 
as secondary mercury production and recycling increase. 

Limitations of trade data. There are several factors that render mercury 
trade data less transparent than many other trade data. The international 
commodity characteristics of mercury mean that it is frequently sold for 
speculative reasons rather than to satisfy immediate demand, resulting in the 
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same mercury often being traded several times. Also, the regional locations 
of mercury product manufacturers are often not the same as the regions of 
final product consumption - or at least not in the same volumes. Therefore, 
one cannot assume that a shipment of mercury sent to India, for example, 
will end its life-cycle in India. One needs to further understand how the 
mercury is used in India, whether it goes into an industrial process, and 
whether or where mercury products are eventually used or exported. 
Nevertheless, the geographic locations of major mercury dealers are 
generally evident from the trade data unless, as occasionally happens, for 
example, elemental mercury is converted to a compound such as mercuric 
chloride in order to disguise the movement of commodity mercury. 

Trade data, whether from Eurostat, the International Trade Commission, 
the UN COMTRADE database or others, are open to criticism by analysts, 
and are well known to be incomplete and occasionally inaccurate. However, 
for the most part, these international agencies merely organize and publish 
the data submitted to them by national agencies. For a relatively small 
overall market such as that for mercury, any inaccuracies or omissions take 
on an even greater importance. Furthermore, the more interest researchers 
demonstrate in mercury data, the less willing some providers of the data 
seem to become, as the US Geological Survey (Reese, 1991-99) has 
discovered over many years of collecting mercury data from industry 
sources. Nevertheless, a careful analysis of the data can produce some very 
useful findings and raise some interesting questions, as will be seen below. 

Source of mercury trade statistics. For the purposes of this analysis, 
COMTRADE statistics have been used. They are collected and presented 
under the responsibility of the United Nations Department of Economic and 
Social Affairs - Statistics Division. Statistics for trade in commodity ("raw") 
mercury were downloaded for the year 2000 - selected largely because most 
information and data that will ultimately be gathered for 2000 has by now 
been assembled. In order to reduce the database to a more manageable size, 
the database was requested to overlook any trade movements valued at less 
than $US 10,000, which means that movements of several tonnes, of which 
there are surely many, have not been included in this analysis. 

EU trade in raw mercury. The raw mercury trade data for imports and 
exports among the EU-15 are summarized in the figure below, which also 
shows the larger exports from the EU (thick arrows) but not imports. As 
often observed with trade data, the data submitted by country A for mercury 
imports from trade partners B and C were sometimes not consistent with the 
figures submitted by countries B and C as mercury exports to trade partner 
A. Such discrepancies have been "reconciled" by including all reported trade 
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movements, whether they were reported by one country as exports, or by a 
trade partner as imports. 

Figure 6. EU Trade in raw mercury, 2000 (metric tonnes). 

Source: Maxson (2004) E = Spain, UK = United Kingdom, B = Belgium, 
NL = Netherlands, D = Germany, FIN = Finland. 

Among other intra-EU movements, Germany recorded a shipment of 429 
tonnes to Spain, which is a clear indication that the origin of the mercury 
was a chlor-alkali plant, of which Germany closed several in 1999 and 2000. 
The quantities of mercury passing through the Netherlands and Spain invited 
further analysis of the data in order to better clarify the ultimate destinations 
of this mercury. Such an analysis produced several interesting findings that 
are not evident from this figure: 

1. In 2000 the Netherlands shipped 245 tonnes of commodity mercury to 
at least 18 countries outside the EU - about half of that amount to 
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2. countries in the Latin America/Caribbean region. Much of this 
mercury traded below the spot market price, implying relatively low 

3. purity. While it is impossible to know from the trade statistics whether 
some of that mercury went to small-scale gold mining, it is clear that 
the quantities in question were well in excess of the countries' typical 
needs in other industrial sectors. 

4. In 2000 Spain shipped 774 tonnes of mercury to at least 20 countries 
outside the EU - about two-thirds of it to the East Asia/Pacific region. 
Virtually all of this mercury was also low value, including 50 tonnes 
exported to Latin America. 

5. In 2000 Germany shipped 105 tonnes of mercury to at least 10 
countries outside the EU - most of this mercury appears in the 
statistics at a somewhat higher value, reflecting a higher purity and/or 
more specialized applications. 

6. In 2000 the UK shipped over 220 tonnes of mercury to three countries 
in South Asia which, along with the nearly 200 tonnes shipped by 
Spain, made South Asia one of the key destinations for mercury that 
year. In this case, the mercury shipped from the UK was not formally 
recorded in the COMTRADE statistics as a UK export, probably 
because that data was not submitted by UK authorities to 
COMTRADE; however, it was formally recorded by each trade 
partner as having been imported from the UK. 

In the analysis of this and other trade data, several points should be kept 
in mind: 

• Trade data show only discrete freight movements - the origin and 
destination of a shipment, and the quantity (and sometimes the value) 
transported. There is no indication whether the source of the shipment 
is the real origin of the material, or whether the destination of the 
shipment is the final destination. 

• The trade statistics for commodity mercury do not include trade in 
mercury compounds (discussed further below), which would 
substantially increase the mercury flows described here. 

• Likewise, if one were to assume a certain number of unreported trade 
movements, or recognize the internal trade within large countries such 
as China, Spain, the US, etc., that does not appear in these statistics, 
or even the instances of shipments under $US 10,000 that have been 
excluded from this analysis, one would have an even more substantial 
trade picture. 

Global trade in raw mercury. The same analytical approach has been 
applied using data for inter-regional global trade in raw mercury. This trade 
is summarized in the following figure. One should ignore the data on the 
diagonal (shaded in grey), that appear to represent trade within a region, 
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because these data are not comparable. For example, the figure of 1930 
tonnes for EU-to-EU represents reported trade between EU countries, while 
the figure of 15.6 tonnes for North America-to-North America represents 
only the reported trade between the US and Canada, and therefore overlooks 
all trade between states (within the US) and provinces (within Canada). For 
the same reason, these data are not included in the inter-regional or global 
trade totals - the last column and bottom row of this figure 

Table 3. Reconciled global raw mercury movements for 2000 (tonnes) for reported 
transactions greater than or equal to $US 10,000. 
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The three regions that imported the most raw mercury in 2000, as seen in 
the summary figure below (showing only the larger trade flows), were Latin 
America/Caribbean with 1197 tonnes (see comment below), East Asia with 
1100 tonnes, and South Asia with 628 tonnes. Of those amounts, the EU 
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supplied about half of the mercury needs of East Asia, and virtually all of the 
mercury needs of South Asia. 

Furthermore, as mentioned previously, Spain, the Netherlands and the 
UK (followed some distance behind by Germany) were the main suppliers 
from within the EU, especially for lower-priced, lower-quality mercury. 

ML 

965? 
J North 

America 
J43] 

m 
European 

Union 

C&E 
Europe &| 

CIS 

¥T 
502 

M 
|27j 

|21~| 

98 

Latin 
America/ 
Caribbean 

1 i i 

171" 
[463] 
1 . 1 

k 

89] ' — ' 

Arab 
States 

^ 
w 
• 

East Asial 
& Pacific 

South Asia 

Figure 7. Major EU raw mercury trade with the rest of the world in 2000 (metric tonnes). 

Source. Maxson (2004). 

Further analysis of the Latin American/Caribbean transfers of mercury 
showed that 965 tonnes of the total 1197 tonnes was reported by Mexico to 
have been imported from the US in 2000. While this figure appears aberrant, 
and was not reported by the US as an export, 2001 imports of mercury 
reported by Mexico as coming from the US were even greater (1340 tonnes) 
- clearly more than a coincidence and therefore deserving of further 
investigation. 

Trade in mercuric oxide batteries. Due to various reports that the battery 
sector may remain a significant consumer of mercury at the global level, the 
trade data for mercuric oxide batteries (containing typically 30 percent by 
weight of mercury) were also scrutinized. Specifically, the relevant 
COMTRADE data cover world trade (2000) in mercuric oxide primary cell 
batteries (volume less than 300 cc), including both HS1996 code 850630, 
and HS1992 code 850612. In order to limit the quantity of data, a search was 
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carried out only for reported trade movements of a value equal to or greater 
than $US 50,000. 

EU trade in mercuric oxide batteries. The analysis of EU trade in primary 
cell (non-rechargeable) mercuric oxide batteries revealed over 500 tonnes of 
batteries transferred among EU countries in 2000, representing potentially 
well over 100 tonnes of mercury. Belgium and Spain were the primary net 
exporters to other Member States in 2000. While this does not necessarily 
represent demand for raw mercury in addition to what has already been 
presented, it seems a disturbing statistic in a use category where the battery 
industry categorically dismisses any concerns about mercury in batteries due 
to the fact that the major players have phased out mercury use in their 
European and North American production facilities/4 It therefore remains to 
be confirmed whether there is some mistake in the statistics or their coding, 
and if not, to determine precisely what this battery trade represents, to what 
extent it may reflect military demand (which is unlikely, since most of the 
trade is high volume, low value per item), whether these may be batteries 
originating outside the EU, whether the demand is persistent, etc. In any 
case, it is not an issue that has been highlighted in recent years, and deserves 
further investigation. 

Global trade in mercuric oxide batteries. Global trade statistics for 
mercuric oxide batteries were also analyzed for the year 2000. These 
statistics (summarized in the figure below) report a remarkable 2358 tonnes 
of mercuric oxide batteries imported by the EU, and 1118 tonnes of mercuric 
oxide batteries imported by North America (406 tonnes coming from the 
EU). With regard to exports, the statistics indicate that in 2000 North 
America and East Asia exported, respectively, 2037 and 2718 tonnes of 
mercuric oxide batteries, the EU exported 986 tonnes and other OECD 
countries exported 1623 tonnes. This also raises questions. If North America 
no longer produces these batteries in significant numbers, how did it 
apparently export nearly 900 tonnes more than it imported in 2000?15 And if 
the EU no longer permits the marketing or use of these batteries, why did it 
apparently import nearly 1400 tonnes more than it exported in 2000? 

East and South Asia have continued to consume large quantities of 
mercury in battery production. Sznopek & Goonan 2000 have confirmed that 
the Peoples' Republic of China had legislation on the books to eliminate 
mercuric oxide battery production from 2002. Meanwhile, Xinbin Feng 
calculated (see chapter 27) that Chinese consumption of mercury in batteries 
exceeded 800 tonnes in 1999, and seemed to be increasing. A full 
explanation of ongoing mercury use in batteries remains elusive, but is likely 
attributable to remaining inventories being sold off, possible mislabeling of 
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customs documents, substantial ongoing production in some countries, and 
extensive global trade in batteries of all kinds. 

Since the major international battery producers are no longer using 
mercury in batteries produced in the EU or the US, it is surprising that they 
would not protest loudly about such low-cost (and illegal, as mentioned 
above) competition from overseas producers. Until further investigation 
provides some answers, these statistics would suggest that a large amount of 
the mercury going to the East Asia/Pacific region may still go into the 
production of batteries. 

Table 4. Reconciled global trade (tonnes) in mercuric oxide primary cell batteries, 2000, 
for which the volume <300 cc (for reported trade movements valued at equal 

to or greater than $US 50,000) 
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Source: COMTRADE statistics, United Nations Department of Economic and Social Affairs - Statistics 
Division, as interpreted and presented by the author. 

It is expected, of course, that production of mercuric oxide batteries will 
gradually decrease in the coming years, and be eventually replaced by less 
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hazardous alternatives. But the level of production in 2000 appeared to be so 
massive, and the quantities of mercury involved so great, it is difficult to 
imagine a serious phase-out of mercury-containing batteries worldwide in 
the absence of substantial international pressure. 

Trade in mercury compounds. Mercury compounds are still commonly 
used in many countries in cosmetics, batteries, pharmaceuticals, paints and 
biocides, according to CADTSC (2001), as well as in various chemical 
processes. The compounds in most frequent use include mercury oxide, 
mercury chloride, ethyl mercury and phenylmercuric acetate, all of which 
appear in commerce under a range of trade names. According to USEPA 
(1999) the only major mercury compounds still imported by the US for use 
in products are organo-mercury compounds. In a recent year, U.S. imports of 
organo-mercury compounds were said to be 37 tonnes. This author has not 
analyzed the statistics for global trade in these compounds, but believes these 
statistics would also raise a number of interesting questions. 

Conclusions and observations concerning mercury trade flows. Analysis 
of trade flows over the years shows clearly that mercury is traded as a 
commodity - to be routinely bought and sold according to market 
opportunities rather than purchased to respond directly to a specific demand. 
This greatly complicates the understanding of, and eventual political 
influence over, the international mercury market. 

Raw or commodity grade mercury is extensively traded around the world, 
at the rate of some two to three times the annual consumption. This could be 
taken as an indicator of reasonable market efficiency - matching sellers with 
buyers worldwide. 

The world market for commodity-grade mercury is small, with relatively 
few key players, leaving it potentially susceptible to manipulation. On the 
other hand, the influence of those individuals may be weakening somewhat 
as by-product and other secondary mercury sources increase, and a more 
diverse group of secondary suppliers and recyclers appears, who don't 
depend on mercury production costs to stay in business. 

Despite reduced OECD region demand for mercury over the years, the 
EU (and to a lesser extent, the US) is integrally involved in global mercury 
markets, supplying a substantial part of global demand through a 
combination of production from the mercury mining company in Spain, and 
residual mercury recovered from decommissioned chlor-alkali facilities in 
various EU countries. Overall, the EU provides 25-30 percent of the global 
mercury supply, it is a partner in over 50 percent of global mercury trade, 
and it consumes nearly 10 percent of global demand. 
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The EU remains a major mercury supplier mainly through the large 
quantities of mercury (about 1000 tonnes annually) routinely sold through 
the Spanish mining and marketing company MAYASA. Whether or not 
MAY ASA receives mercury from chlor-alkali plants as they periodically 
close and/or convert to alternative production processes, it fully intends to 
continue supplying its customers for years to come. 

Consumption of mercury has declined significantly in the EU and other 
OECD countries, but this decline is not evident in the rest of the world, to 
which mercury trade is increasingly being shifted. 

From about 1990 to 2003, mercury prices were at a lower level in real 
terms than at any time in history, and there are no market reasons for any 
increase in prices in the foreseeable future. It should be mentioned, however, 
that 2004 witnessed a significant increase in the mercury price, reportedly 
due to decreased production from the usual suppliers, as well as rumored 
efforts by some traders to further restrict supplies. 

For at least two decades, the mercury commodity market has been 
strongly influenced by public policies and the release of government 
inventories, and has not operated on purely economic grounds. The term 
"free market" seems no longer applicable. Depending on other 
developments, by 2020 there may be no more primary mercury mining (there 
is little or no economically justified mining now), and it is likely that the cost 
of "producing" mercury will reflect only recycling and recovery costs, which 
are driven by regulation, and which could therefore send prices lower. 

Regulations tend to give mercury a negative value. Whether it is raw 
mercury or mercury waste, holding mercury is a liability, and it costs money 
to dispose of it. The only way to add value to mercury is to put it in a 
product and sell it, or to use it in an industrial process, with the obvious risk 
of eventual emissions and exposures. Regulation has already pushed many of 
these production processes out of the OECD. 

Despite the very recent surge in the market price of mercury, the various 
sources of mercury are easily able to meet and outstrip anticipated demand. 
Under any reasonable assumptions (i.e., declining global demand, decreased 
mining activity, increased supply from secondary sources, etc.), therefore, 
and especially in the absence of any coherent international strategy, a net 
worldwide oversupply of mercury relative to known industrialized demand is 
expected to remain a hallmark of mercury markets into the foreseeable 
future. 

As mercury markets have demonstrated a particular ability to adapt to 
changes in supply and demand, continued low prices and oversupply may 
encourage uses (and eventual emissions) that would not otherwise have 
occurred, or at the least, they will undoubtedly discourage any mercury 
reduction efforts. 
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Once residual mercury from chlor-alkali plants is transferred to another 
party, the chlor-alkali industry - however responsible - effectively loses 
control over its ultimate destination and use. The European producers' 
association, Euro Chlor, has since 2001 had a specific plan in place to 
address this concern, whereby Euro Chlor mercury is intended to offset mine 
production, and to adhere to "best environmental practices ... to avoid 
emissions and spillage into the environment" during handling and marketing 
of the residual mercury. However, with no independent method of 
monitoring the ultimate destination of the mercury in the international 
market, the adequacy of the Euro Chlor plan remains open to criticism. 

The availability of mercury from decommissioned chlor-alkali plants will 
soon become an important contributor to global mercury supplies, and will 
largely replace the demand for virgin mercury. Chlor-alkali residual mercury 
has comprised 10-20 percent of global supplies in some years, and will likely 
contribute 20-30 percent in the near future. 

The quantities of residual mercury that will be most easily recovered 
from Western European chlor-alkali plant closures up to 2020 are roughly 
equivalent to the expected mercury market oversupply during the same 
period. As part of a larger strategy, a non-market solution needs to be 
identified urgently to deal with this oversupply. To its credit, Euro Chlor has 
stated that it is studying a range of mercury storage options. 

Mercury producers make a reasonable case that as long as legitimate 
demand for mercury persists, they should have a right to supply it. 

Therefore, if we wish to restrict the introduction of new mercury into the 
biosphere, we have to seriously address mercury demand at the same time. In 
this regard, the widely cited UNEP Global Mercury Assessment produced a 
general consensus among a large group of stakeholders and experts that 
concerted international efforts must be made to reduce the circulation of 
mercury in the economy and the environment - from the supply side as well 
as the demand side. Mercury "business-as-usual" will only create further 
opportunity for misuse and abuse, emissions and exposure. 
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NOTES 

1 Data published periodically by the Algerian Ministry of Energy and Mines. 
2 Typical Kyrgyz output has been 500-600 tonnes annually since the mid-1990s, but 

mine flooding in 2003 was reported to be the major reason for a decline in 
production. 

3 China's recent domestic mercury production has been generally estimated at about 
200 tonnes per year (Hylander & Meili, 2003). However, if Xinbin Feng is correct 
that China's consumption of mercury may now approach 1500 tonnes (see Chapter-
27), then its domestic production of mercury is more likely at least 400 tonnes. This 
is also consistent with USGS (2004) estimates of Chinese production of 435 tonnes 
in 2002 and 610 tonnes in 2003. 

4 This is an approximate doubling of highly conservative estimates for 2000 (Maxson, 
2004), based on contributions and discussions at the Nordic Council Workshop in 
Brussels (Nordic Council, 2004). In an effort to reduce hazardous wastes and 
mercury emissions, it appears that more mine operators are recovering more 
secondary mercury than ever before. 

5 No new information has come to light to justify a revision to the data gathered by 
Maxson (2004). 

6 Euro Chlor contribution to Nordic Council Workshop in Brussels (Nordic Council, 
2004). 

7 Euro Chlor member companies have committed themselves to a 2020 phase-out 
date for Western European mercury cell chlor-alkali plants. The chlor-alkali 
industry is also covered by the IPPC Directive, which requires installations to have 
permit conditions based on best available techniques (BAT). The mercury-cell 
process is not considered to be BAT for the chlor-alkali sector. The Directive states 
in Article 5 that existing installations, i.e., installations in operation before 30 
October 1999, should operate in accordance with the requirements of the Directive 
by 30 October 2007. Alternatively, a number of EU countries have announced that 
their mercury cell chlor-alkali plants will be decommissioned and/or converted to 
mercury-free technology by 2010, in line with a more flexible interpretation of the 
IPPC Directive. The latter date is also consistent with the PARCOM decision 90/3 
of OSPAR, which recommended closing or converting all mercury cell plants in the 
OSPAR region by 2010. All of the EU-15 countries with mercury cell plants are 
parties to the OSPAR Convention except Italy and Greece. 

8 European Commission (2002). 
9 This 12,000 tonnes does not include tens or hundreds of tonnes more that may be 

recovered from a single site during decommissioning, from internal process sources 
such as piping, sumps and equipment, or from external sources such as pools of 
mercury that sometimes accumulate in the soil beneath the cellroom due to mercury 
leaking through cracks in the floor of the cellroom over many years (Maxson, 
2000). 

10 2003 mercury demand by EU-15 chlor-alkali plants is based on data reported by 
industry to OSPAR for 2002 (104 tonnes), plus a conservative estimate of 16 tonnes 
for plants in Italy and Greece, for a total of around 120 tonnes. This estimate 
remains to be confirmed when industry figures become available for 2003. 

11 The Czech Ministry of Environment has reported that its two plants alone consumed 
in 2001 in excess of 100 tonnes. The web link (in Czech) is: 
http://www.env.cz/AIS/web.pub.nsf/$pid/MZPLSF4HlVU6/$FILE/-oov^_65_ 
Rtut_20040414.pdf 

http://www.env.cz/AIS/web.pub.nsf/$pid/MZPLSF4HlVU6/$FILE/-oov%5e_65_
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Historical mercury demand through the 1990s is based on mercury production data 
compiled by Hylander and Meili (2003). 
COMTRADE international commercial trade statistics, United Nations Department 
of Economic and Social Affairs - Statistics Division, http://unstats.un. 
org/unsd/comtrade/. 
In response to this statement, a legal representative of the National Electrical 
Manufacturers' Association (NEMA), which represents major battery manufacturers 
in the US, confirmed, "Under US law and the laws of about 20 states, it has been 
illegal since 1996 (and earlier in some states) to sell a mercuric oxide button cell in 
the US (NEMA, 2004)." On the other hand, he failed to offer any rational 
explanation of the trade statistics. 
The same NEMA official dismissed this significant trade in mercury batteries as 
"relatively small numbers of specialty batteries sold in non consumer markets" 
(NEMA, 2004). 

http://unstats.un
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INTRODUCTION 

Processing of mineral resources at high temperatures, such as combustion 
of fossil fuels, roasting and smelting of ores, kilns operations in cement 
industry, as well as incineration of wastes and production of certain 
chemicals result in the release of several volatile trace elements into the 
atmosphere. Mercury is one of the most important trace elements emitted to 
the atmosphere due to its toxic effects on the environmental and human 
health, as well as its role in the chemistry of the atmosphere. 

Although substantial information has been collected on environmental 
effects of mercury and its behaviour in the environment much less data is 
available on atmospheric emissions of the element. Information on emissions 
is needed for various policy and modelling purposes. This need has been 
recognized not only locally where mercury may pose direct problems but 
also on regional scale because the element is a subject of long-range 
transport while in the atmosphere. 
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PARAMETERS AFFECTING EMISSIONS OF 
MERCURY FROM VARIOUS ANTHROPOGENIC 
SOURCES 

There are four major groups of parameters affecting mercury emissions: 

• contamination of raw materials by mercury, 
• physico-chemical properties of mercury affecting its behaviour 

during the industrial processes, 
• the technology of industrial processes, and 
• the type and efficiency of control equipment. 

Contamination of raw materials 

Concentrations of mercury in coals and fuel oils vary substantially 
depending on the type of the fuel and its origin, as well as the affinity of the 
element for pure coal and mineral matter. The sulphide-forming elements, 
with mercury included, are consistently found in the inorganic fraction of 
coal. Although it is very difficult to generalize on the impurities in coal, the 
literature data seem to indicate that the mercury concentrations in coals vary 
between 0.01 and 1.5 ppm (a review in Pirrone et al, 2001). These 
concentrations are presented in Table 1. It should be noted that mercury 
concentrations within the same mining field might vary by one order of 
magnitude or more. 

Table 1. Concentrations of Hg in various fossil fuels. 

1 Fuel 
1. Hard coals 

- Europe 

-USA 

- Australia 

- South Africa 

- Russia 

- Brown coals 

- Europe 
USA 
3. Crude oil 
4. Natural gas 

Unit 
g/tonne 

g/tonne 

mg/m3 

Concentration 

0.01-1.5 

0.01-1.5 

0.03-0.4 

0.01-1.0 

0.02-0.9 

0.02-1.5 

0.02-1.0 
0.001-0.05 
0.01-5.0* 

(*) A reduction of Hg to concentrations lower than 10 |̂ g/m3 must be obtained 
before the gas can be used. 
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There is only limited information on the content of mercury in oils. In 
general, mercury concentrations in crude oils range from 0.01 to as much as 
30.0 ppm (Pacyna, 1987). It is expected that mercury concentrations in 
residual oil are higher than those in distillate oils being produced at an earlier 
stage in an oil refinery. Heavier refinery fractions, including residual oil, 
contain higher quantities of ash containing mercury. 

Natural gas may contain small amounts of mercury but the element 
should be removed from the raw gas during the recovery of liquid 
constituents, as well as during the removal of hydrogen sulphide. Therefore, 
it is believed that mercury emissions during the natural gas combustion are 
insignificant. 

Mercury appears as an impurity of copper, zinc, lead, and nickel ores. 
Obviously, there are also mercury minerals, particularly cinnabar. The 
element is also present in the gold ores. It is very difficult to discuss the 
average content of mercury in the copper, zinc, lead, nickel and gold ores as 
very little information is available in the literature on this subject. Average 
zinc ores contain larger amounts of the element compared to copper and lead 
ores (Pacyna, 1983). 

Chemical composition of input material for incineration is one of the 
most important factors affecting the quantity of atmospheric emissions of 
various pollutants from waste incineration. Very limited information exists 
on mercury concentrations in various types of wastes. Another difficulty is 
that it is almost impossible to calculate an average value for these 
concentrations due to the high variabilities in the content and origin of 
wastes to be incinerated, even in the same incinerator. Therefore, it is rather 
difficult to extend the information on the mercury content measured in one 
incinerator for another one. 

Physico Chemical Properties of Mercury Affecting its 
Behaviour during the Industrial Processes 

Most of the processes generating atmospheric emissions of mercury 
employ high temperature. During these processes, including combustion of 
fossil fuels, incineration of wastes, roasting and smelting operations in non-
ferrous and ferrous metallurgy, and cement production, mercury introduced 
with input material volatilizes and is converted to the elemental form. It has 
been confirmed in various investigations that almost 100 % of the element is 
found in exhaust gases in a gaseous form, as discussed later in this paper. 
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Technology of Industrial Processes 

Various technologies within the same industry may generate different 
amounts of atmospheric emissions of mercury. It can be generalized for 
conventional thermal power plants that the plant design, particularly the 
burner configuration has an impact on the emission quantities. Wet bottom 
boilers produce the highest emissions among the coal-fired utility boilers, as 
they need to operate at the temperature above the ash -melting temperature. 
The load of the burner affects also the emissions of trace elements including 
mercury in such a way that for low load and full load the emissions are the 
largest. For a 50 % load the emission rates can be lower by a factor of two. 

The influence of plant design or its size on atmospheric emissions of 
mercury from oil-fired boilers is not as clear as for the coal-fired boilers. 
Under similar conditions the emission rates for the two major types of oil-
fired boilers: tangential and horizontal units are comparable. 

Non-conventional methods of combustion, such as fluidized bed 
combustion (FBC) were found to generate comparable or slightly lower 
emissions of mercury and other trace elements than the conventional power 
plants (e.g. a review in Pirrone et al., 2001). However, a long residence time 
of the bed material may result in increased fine particle production and thus 
more efficient condensation of gaseous mercury. 

Among various steel making technologies the electric arc (EA) process 
produces the largest amounts of trace elements and their emission factors are 
about one order of magnitude higher than those for other techniques, e.g., 
basic oxygen (BO) and open hearth (OH) processes. The EA furnaces are 
used primarily to produce special alloy steels or to melt large amounts of 
scrap for the reuse. The scrap which often contains trace elements, and on 
some occasions mercury, is processed in electric furnaces at very high 
temperatures resulting in volatilization of trace elements. This process is 
similar from the point of view of emission generation to the combustion of 
coal in power plants. Much less scrap is used in other furnaces, where mostly 
pig iron (molten blast-furnace metal) is charged. It should be noted, 
however, that the major source of atmospheric mercury related to the iron 
and steel industry is the production of metallurgical coke. 

Quantities of atmospheric emissions from waste incineration depend 
greatly on the type of combustor and its operating characteristics. The mass 
burn/waterwall (MB/WW) type of combustor is often used. In this design the 
waste bed is exposed to fairly uniform high combustion temperatures 
resulting in high emissions of gaseous mercury and its compounds. Other 
types of combustors seem to emit lesser amounts of mercury as indicated by 
the comparison of the best typical mercury emission factors for municipal 
waste combustors (MRI, 1993). It is also suggested that fluidized-bed 



CHAPTER-3: MERCURY EMISSIONS 55 

combustors (FB) emit smaller amounts of mercury to the atmosphere 
compared to other sewage sludge incineration techniques, and particularly 
multiple hearth (MH) techniques. 

Type and Efficiency of Control Equipment 

The type and efficiency of control equipment is the major parameter 
affecting the amount of trace elements released to the atmosphere. Unlike 
other trace elements, mercury enters the atmosphere from various industrial 
processes in a gas form. The application of flue gas desulfurisation (FGD) 
has a very important impact on removal of mercury. A number studies have 
been carried out to assess the extend of this removal and parameters having 
major impact on this removal. These studies were reviewed in connection 
with the preparation of the EU Position Paper on Ambient Air Pollution by 
Mercury (Pirrone et al, 2001). It was concluded that the relatively low 
temperatures found in wet scrubber systems allow many of the more volatile 
trace elements to condense from the vapour phase and thus to be removed 
from the flue gases. In general, removal efficiency for mercury ranges from 
30 to 50%. It was also concluded that the overall removal of mercury in 
various spray dry systems varies from about 35 to 85%. The highest removal 
efficiencies are achieved from spray dry systems fitted with downstream 
fabric filters. 

Table 2. Emission factors for Hg, used to estimate European emissions 
of the element to the atmosphere in 2000. 

1 Category 
1 Coal combustion: 

1 - power plants 

1 - residential and commercial boilers 

Oil combustion 
Non ferrous metal production 

- Cu smelters 

- Pb smelters 

- Zu smelters 

Cement production 
Pig iron % steel production 
Waste incineration 
Municipal wastes 
Sewage sludge wastes 

Unit 
g/tonne coal 

g/tonne oil 

g/tonne Cu produced 

g/tonne Pb produced 

g/tonne Zu produced 

g/tonne cement 

g/tonne steel 

g/tonne wastes 

Emission factor 

0.1-0.3 

0.5 

0.006 

5.0-6.0 

3.0 

7.5-8.0 

0.1 
0.04 

1.0 

5.0 
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EMISSION ESTIMATES 

Emission estimates are carried out on the basis of information on 
emission factors and statistics on the production of industrial goods and the 
consumption of raw materials. 

Emission factors are prepared for each source sector and raw material, 
separately. They can be evaluated on the basis of measurements or mass 
balance estimates for mercury during certain industrial process or certain 
application of the element. 

The emission factors used for the estimates of the European emissions of 
Hg in the reference year 2000 are presented in Table 2. 

The European emissions from anthropogenic sources in the year 2000 are 
presented in Table 3. These estimates were made with the use of emission 
data provided by national experts from a number of European countries. The 
emission factors from Table 2 were used for estimates for the rest of the 
European countries. 

It can be concluded that a half of the European emissions in the year 2000 
is emitted during combustion of fuels. 

The second category consists of several industrial processes, including 
chlor-alkali production, non-ferrous and ferrous metal production and 
cement production. Other sources include waste incineration and various 
uses of mercury. 

Table 3. Changes in total anthropogenic emissions of mercury in Europe 
since 1980 (in tonnes/year). 

Source category 

Combustion of fuels 

Industrial processes 

Other sources 

Total 

1980 
350 

460 

50 

860 

1985 
296 

388 

42 

726 

1990 
195 

390 

42 

627 

1995 
186 

143 

59 

338 

2000 
114 

99 

26 

239 

Data in Table 3 also indicate steady decrease of Hg emissions in Europe 
during the last 2-3 decades. Major decline of Hg emissions in Europe 
occurred at the end of the 1980's and the beginning of the 1990's. 
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Figure I. Spatial distribution of Hg emissions from anthropogenic sources in Europe 
in 2000 within the 50 km x 50 km grid (in t/grid). 

This decrease was caused mainly by 1) the implementation of the FGD 
equipment in large power plants and the other emission controls in other 
industrial sectors, particularly in Western Europe, and 2) decline of economy 
in Eastern and Central Europe due to the switch in economies in these 
countries from centrally planned to market oriented. 

Information on emissions from individual point sources and geographical 
location of these sources was then used to prepare Hg emission maps for 
Europe. The area source emissions, such as the emissions during combustion 
of fuels to produce heat in residential boilers were spatially distributed using 
the population density map as a surrogate parameter. The map for Hg 
emissions in 2000 from anthropogenic sources in Europe within the grid 
system of 50 km by 50 km is presented in Figure 1. 

The areas where coal combustion is the main source of energy production 
are the regions with the highest emissions of mercury. 

Estimates of emissions of mercury in its major physico-chemical forms 
were also approached (e.g. Pacyna et al., 2001). A summary of this work is 
presented in Table 4 in a form of Hg emission profiles for major emission 
sectors with regard to the three forms: elemental gaseous, bivalent gaseous, 
and elemental Hg on particles. 
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Table 4. Emission profiles of Hg from anthropogenic Sources. 
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EMISSION MEASUREMENTS 

In order to improve the reliability of current estimates of atmospheric 
emissions of mercury, source test measurements of individual mercury-
species are required. With coal-fired power plants and waste incinerators 
being the dominant stationary anthropogenic sources of atmospheric mercury 
in Europe including the European Union and Eastern Europe, source test 
measurements in recent European projects have focused on stationary 
combustion sources. Concentrations of mercury associated with particulate 
matter, vapour phase elemental mercury, oxidised mercury and methyl mercury 
measured in stack gases of 7 fossil fuel-fired utility boilers and 3 thermal waste 
treatment facilities located in Europe are presented in this paper. 

Emissions of mercury species from stationary combustion 
sources 

Plant information 

Within the two EU projects: "Optimal Utilisation of coal in modern 
power plants with respect to control of mass flows and emissions of 
VOCs/PAHs and mercury " (ECSC Coal Research Agreement No. 7220-
ED/089) and "Mercury Species Over Europe (MOE) Mercury Species over 
Europe. Relative Importance of Depositional Methylmercury Fluxes to 
Various Ecosystems" (Contract ENV4-CT97-0595) (Munthe et al., 2001), 
measurements were carried out in ten stationary combustion sources. 
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Table 5. Main parameters for coal fired power plants reported in this chapter. 

Source 

Power plant 1 
Power plant 2 

Power plant 3 
Power plant 4 

Power plant 5 
Power plant 6 

Power plant 7 

Fuel 

Pulverised hard coal 
Pulverised hard coal 

Pulverised hard coal 

Lignite 

Lignite 

Hard coal 
Hard coal 

Output 
(electricity/total) 

170 850 MW 
150/270 MW 

640/340 MW 
360/-MW 

500/-MW 

170/-MW 

330/-MW 

Stack gas cleaning 
technology 

ESP 
ESP, semi dry de-SOx, 
fabric filter 

ESP, wet de-SOx, SCR 

ESP 

ESP 

ESP 

ESP, de SOx 

Table 6. Main parameters for waste incinerators reported in the chapter. 

Source 

Waste 
incinerator 1 
Waste 
incinerator 2 
Waste 
incinerator 3 

Waste type 

Municipal waste 

Municipal waste 

Municipal waste 

Output 
(electricity/total) 

24MW/400 000GJ 

20/146 MW 

2*10MW/120GW 

Stack gas cleaning 
technology 

ESP 

ESP, wash reactor and condensing 
reactor, SNCR, fabric filter 
Cyclones, ESP, semi dry lime 
reactor, activated carbon feeding, 
fabric filter 

The point sources were located in member states of the European Union 
and also in other European countries. All source test measurements were 
performed on the premises that the individual stationary combustion source 
may be kept anonymous. The measurement campaigns were performed in 
1998-2000. A description of the point sources is given in Table 5 and 6 for 
coal fired power plants and waste incinerators, respectively. 

Source test measurement methodology 

Two different sampling approaches for the measurement of mercury in 
stack gases were employed. The MESA method and the modified standard 
test method were used for all stack gas measurements at all ten combustion 
sources. At two stationary point sources, an on-line speciation method and a 
denuder sampling method were also employed. 

Six tests were usually conducted at each site. Samples were collected for 
1-3 hours at gas flow rates of 0.5-2 1/min. During the test periods, operating 
data of the plant were obtained at each test site. After sampling, the solid and 
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liquid samples were sealed and stored in the dark. The collected mercury 
was analysed using cold vapour atomic fluorescence spectrometry (CV-AFS) 
or cold vapour atomic absorption spectrometry (CV-AAS). Based on 
analytical results and operating data of each plant, mercury mass 
concentration in the stack was calculated. The concentrations of mercury 
species in the stack gases of the boilers measured are presented in Table 7 
and 8 for coal fired power plants and waste incinerators, respectively. 

These results suggest that vapour phase elemental mercury and oxidised 
mercury (mercury(II) chloride) are the dominant mercury species in stack 
gases from combustion sources equipped with both conventional and state-
of-the-art flue gas cleaning systems. With the MESA method for vapour 
phase mercury speciation, the relative concentrations levels for vapour phase 
elemental mercury was found to be 41% for the coal-fired power plant 
equipped only with electrostatic precipitator and in the range from 0 to 53% 
for modem hard coal fired utility boilers. With the modified standard 
method, the relative concentration of elemental mercury vapour was found to 
be 43% for conventional hard coal fired power plants and from 43 to 75% 
for modem facilities. Traces of methylmercury were found in a few stack gas 
samples but the concentration fractions were always below 1% and are 
considered to be unreliable given the analytical difficulties in these complex 
samples. The conclusion is that waste incinerators and coal fired power 
plants are not sources of methylmercury emissions to air. Mercury associated 
with particulate matter was found to be also below 1% of total mercury in 
the flue gases. Lignite is an additional domestic fuel used in utility boilers in 
Europe. Emission estimates for mercury species released from conventional 
and modem brown coal fired power plants are presented in Table 7. Total 
mercury emission from a lignite fired power plant equipped only with 
electrostatic precipitator was found to be 26.9 ug Hg/m3 (13.2 ug Hg/MJ) 
with the MESA and 10.4 ug Hg/m3 (5.2 ug Hg/MJ) with the modified 
standard method. With the MESA method and the modified standard 
method, respectively, the concentration for total mercury in flue gas from a 
modem lignite fired power plant was found to be 5.1 ug Hg/m3 (1.03 ug 
Hg/MJ) and 4.9 ug Hg/m3 (0.98 ug Hg/MJ). It is concluded that the elevated 
concentration of total mercury from the conventional power plant is due to 
high mercury concentration in the lignite burned. 

The calculated relative emissions of vapour phase elemental mercury was 
found to be from 61 to 99% for the conventional power plants and from 94 
to 100% for the modem power plants. The relative concentration levels of 
mercury associated with particulate matter were found to be well below 1%. 
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Table 7. Concentrations of Hg in exhaust gas from coal fired power plants (MESA = 
Mercury Speciation and Adsorption method, MS = Modified standard method). 

Source 

Power plant 1 

Power plant 2 

Power plant 3 

Power plant 4 

Power plant 5 

Power plant 6 

Power plant 7 

Hg(II) 
Rgm3 

MESA 

2.6 

0.7 

2.1 

10.4 

0.3 

2.6 

0.8 

MS 

2.7 

-
0.8 

-
0 

2.7 

-

Hg» 
ugmJ 

MESA 

1.8 

0 

2.4 

16.5 

4.8 

1.8 

0.6 

MS 

2.0 

-
2.4 

10.4 

4.9 

2.0 

-

HgTot 
ugm'3 

MESA 

4.4 

0.7 

4.5 

26.9 

5.1 

4.4 

1.4 

MS 

4.7 

0.8 

3.2 

10.4 

4.9 

4.7 

-

Emission factor 
(Tot Hg) ug/m J 

MESA 

1.9 

0.3 

1.9 

13 

1.0 

1.9 

-

MS 

1.2 

0.3 

2.0 

5.2 

0.98 

2.0 

0.61 

Table 8. Concentrations of Hg from waste incinerators. 

Source 

Waste 
incinerator 1 

Waste 
incinerator 2 

Waste 
incinerator 3 

Hg(II) 
ugm"3 

MESA 

53.1 

5.1 

8 

MS 
178 

-

-

Hg° 
ugm"3 

MESA 

83.3 

14.7 

15.4 

MS 
14 

-

28.4 

HgTot 
Ugm"3 

MESA 

136 

19.8 

23.4 

MS 
194 

17.3 

28.4 

Emission factor 
(Tot Hg) mg/tonne 

waste 

MESA 

499 

81 

152 

MS 

707 

71 

183 

The concentration levels of total mercury in exhaust gases from waste 
incinerators were found to be 136 and 194 jug Hg/m3 (499 and 707 mg Hg/ 
tonne waste burned) for waste incinerators equipped with only electrostatic 
precipitator and from 17 to 28 ug Hg/m3 (71 to 183 mg Hg/tonne waste 
burned) for thermal waste treatment plant with state-of-the-art air pollution 
control technology. Measurements performed at thermal waste treatment 
facilities showed also that both vapour phase elemental mercury and 
oxidised mercury are the main mercury species released to the atmosphere. 

For the vapour phase elemental mercury, the relative concentrations were 
found to be 61% for conventional waste incinerators and from 66 to 74% for 
modern facilities. From these results, it is concluded that the speciation 
pattern of vapour phase mercury deviate considerable from an expected 
relative proportion of Hg° estimated from thermodynamic equilibrium 
calculations. From the source test measurements, it is also concluded that 
methylmercury is very unlikely to be present in significant concentration 
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levels in stack gases from waste incinerator equipped with both conventional 
and state-of-the-art flue gas cleaning systems. 

Comparison between measurements and estimates 

A comparison of total mercury concentrations in the exhaust gases 
measured during the EU project on Mercury over Europe (MOE) and 
estimated during the EU project on the Mediterranean Atmospheric Mercury 
Cycle System (MAMCS) (http://www.cs.iia.cnr.it/MAMCS/project.htm) is 
presented in Table 9. 

Table 9. Comparison of Hg emission measurements (the MOE project) with estimates 
(the MAMCS project). 

Point source 

Power plant 

Waste incinerator 

Power plant 

Power plant 

Waste incinerator 

Power plant 

Country 

Poland 

Sweden 

Finland 

Poland 

Hungary 

Germany 

Emission (Kg/yr) 
Measured 

2990 

32.4 

8.2 

90 

191 

69.8 

Emission Factor 
estimates 

2140 

80 

50 

145 

250 

175 

The estimates are generally higher than the measurements, but the 
difference is within a factor of 2 except for a power plant in Finland. It 
should be added, however, that many more measurements need to be 
performed in order to obtain conclusive results with regard to the 
applicability of currently available emission factors for emission estimates 
for Hg from anthropogenic sources. 

FINAL REMARKS 

During the last decade major progress has been made to assess emissions 
from anthropogenic sources in Europe. This work resulted in the 
improvement of our knowledge of emission factors and emissions in Europe, 
as well as in other parts of the world (e.g. Pacyna et al., 2003). It can be 
concluded that combustion of fossil fuels to produce electricity and heat is 
the major emission source in Europe and worldwide. Future emissions of Hg 
from anthropogenic sources can be expected to decrease due to wider 

http://www.cs.iia.cnr.it/MAMCS/project.htm
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application of equipment for desulfurization in major power plants and 
industrial boilers, as well as wider use of renewable energy sources. 

Source test measurement at both coal-fired power plants and waste 
incinerators in Europe have been performed to determine the concentration 
levels of mercury associated with particulate matter, and vapour phase 
elemental mercury, oxidised mercury and methylmercury in stack gases. 
Vapour phase elemental mercury and oxidised mercury are the main mercury 
species emitted form conventional and state-of-the-art stationary combustion 
sources. The relative proportion of mercury associated with particulate 
matter was found to be low for combustion sources equipped with both 
conventional and state-of-the-art flue gas cleaning installations. 
Methylmercury was found generally not occurring in stack gases from 
combustion sources. 

More measurements of Hg emissions from at least major point sources 
are needed for making emission inventories more accurate. The 
measurements of Hg species in exhaust gases from these sources are also 
needed. Results obtained with current measurement methods were found to 
lie in the same order of magnitude for vapour phase elemental mercury and 
oxidised mercury. However, it is not conclusive whether the sampling 
methods determine the mercury species correctly. 
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INTRODUCTION 

This paper presents an introductory overview of legislation and policy 
concerning mercury in the European Union (EU). It only summarises actions 
taken at the EU level, and does not attempt to cover the many actions taken 
individually by Member States or at other levels. Moreover, there is a very 
broad range of EU-level action, and the paper therefore only covers the main 
elements. Finally, where the paper attempts to summarise the requirements 
of EU legislation, some loss of precision is inevitable. Therefore, readers 
wishing to know the exact legal requirements should refer to the specific 
legal texts referenced2. 

INTEGRATED POLLUTION PREVENTION AND 
CONTROL (IPPC) 

The purpose of the IPPC Directive5 is to achieve integrated prevention 
and control of pollution arising from activities listed in Annex I of the 
Directive (energy industries, production and processing of metals, mineral 
industry, chemical industry, waste management and other activities like 
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intense livestock farming, pulp and paper industry and tanneries). These 
include some of the major sources of mercury emissions. 

The Directive lays down the requirement to prevent or, where that is not 
practicable, to reduce pollution of the air, water and land, including from 
mercury and its compounds, from the above-mentioned activities, including 
measures concerning waste, in order to achieve a high level of protection of 
the environment taken as a whole. Control is to be achieved by way of a 
permitting regime whereby the operator of an installation applies for a 
permit and a competent authority determines whether or not a permit is to be 
issued. Among other requirements, permits are to include emission limit 
values (or equivalent parameters or technical measures) which are to be 
based on the "Best Available Techniques" (BAT) for the sector. 

The Directive entered into force on 30 October 1999. New installations, 
and substantial changes to existing installations, require a permit issued in 
accordance with the Directive before they are brought into operation. 
Existing installations must be brought into compliance with the requirements 
of the Directive no later than 30 October 2007. 

In order to support the implementation of the Directive the Commission 
is producing a series of BAT Reference documents (BREFs) for the main 
industry sectors under the Directive. An important document concerning 
mercury is the BREF on chlor-alkali manufacturing4. This concludes that 
mercury cells are not BAT. 

As the basis for a "European Pollutant Emission Register" (EPER)5, 
Member States are also required to submit reports to the Commission on 
emissions from all individual facilities with one or more activities mentioned 
in Annex I to the IPPC Directive. The reports must include details of 
emissions to air and water for all pollutants for which the thresholds 
specified in an Annex are exceeded. The reporting thresholds for mercury 
and its compounds are 10 kg/year for emissions to air and 1 kg/year for 
emissions to water. The data from the first reporting cycle, for 2001, were 
published in February 2004*. The next reporting year is 2004, for publication 
in 2006. 

WATER QUALITY 

The water framework Directive7 establishes a framework for the 
protection of inland surface waters, transitional waters, coastal waters and 
groundwater. Article 16 provides for the adoption of EU measures for 
substances included in a list of priority substances, i.e. those which present a 
significant risk to or via the aquatic environment. Mercury is identified as 
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one of the "priority hazardous substances" that are subject to cessation or 
phasing-out of emissions, discharges and losses within 20 years after 
adoption of measures. The Commission is currently developing proposals for 
emission controls for point sources and environmental quality standards for 
mercury and other substances. 

The water framework Directive also provides for the review, revision and 
possible repeal of a number of pre-existing Directives, including Directives 
dealing with discharges of dangerous substances to water, and with 
protection of groundwater. The dangerous substances Directive9 requires 
Member States to take appropriate steps to eliminate pollution in inland 
surface, territorial and internal coastal waters by various substances 
including mercury and its compounds. Articles 5 and 6 lay down the 
provisions for authorisation of discharges and provide that Member States 
can choose whether to base their authorisations on emission limit values or 
quality objectives. Two specific "daughter" Directives deal with mercury in 
more detail. One70 provides for specific emission limit values and quality 
objectives applicable to discharges of mercury from the chlor-alkali 
electrolysis industry. The second77 does the same for other industry sectors, 
and also stipulates the requirement to draw up programmes to avoid or 
eliminate pollution caused by discharges of mercury from diffuse sources. 

The groundwater Directive72 aims to prevent the pollution of groundwater 
by substances set out in two lists in an Annex, and as far as possible to check 
or eliminate the consequences of pollution which has already occurred. 
Mercury and its compounds are included in the "List I of Families and 
Groups of Substances", to which the most stringent requirements apply. 
Direct discharges (introduction without percolation through the ground or 
subsoil) of substances in List I into groundwater are prohibited. Any disposal 
or tipping of List I substances which might lead to indirect discharge 
(introduction after percolation through the ground or subsoil) must be subject 
to prior investigation. Member States must then prohibit such activity, or 
authorise it provided that all the technical precautions necessary to prevent 
such discharge are observed. In addition, all appropriate measures deemed 
necessary must be taken to prevent any indirect discharge of List I 
substances due to activities on or in the ground other than disposal or 
tipping. 

Article 11 of the water framework Directive repeats the prohibition of 
direct discharges of pollutants into groundwater. However, the former is 
concerned with protecting groundwater not just against pollution from 
discharges and disposals, but also from other activities. Article 17 calls for 
the adoption of specific measures to prevent and control groundwater 
pollution, with the aim of achieving "good groundwater chemical status". 
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The Commission has therefore proposed a further Directive which 
includes criteria for the assessment of good groundwater chemical status, 
and for the identification and reversal of significant and sustained upward 
trends and the definition of starting points for trend reversals. For mercury, 
the proposed Directive would not itself set any threshold values, but rather it 
would require Member States to do so. 

AIR QUALITY 

The air quality framework Directive7' defines the basic principles for a 
common approach for the assessment and management of ambient air 
quality in the EU. Details of the specific requirements for particular 
pollutants are set out in daughter directives. 

An agreement has been achieved with the European Parliament and 
Council on a proposal from the Commission75 for the fourth daughter 
Directive, relating to arsenic, cadmium, nickel, mercury and polycyclic 
aromatic hydrocarbons (PAH). Formal adoption is foreseen to take place in 
the course of autumn 2004. Concentrations of mercury in ambient air in the 
EU generally are below a level believed to have adverse effects on human 
health. Therefore, mercury in ambient air is not regulated via a target value 
in the fourth daughter Directive. However, regardless of the concentration 
level, all substances covered by the measure, including mercury, are to be 
measured at background sampling points with a spatial resolution of 100,000 
km2 in order to provide information on geographical variation and long-term 
trends. The same requirements are laid down for deposition measurements 
of heavy metals and PAH. Monitoring of particulate and gaseous divalent 
mercury is also recommended. 

USE OF MERCURY 

Electrical and Electronic Equipment 

The Directive on the restriction of hazardous substances (RoHS) in 
electrical and electronic equipment76 requires the substitution of mercury, 
among other substances, in new electrical and electronic equipment by 1 July 
2006. Applications of mercury in fluorescent lamps up to certain levels are 
exempted. Each exemption must be reviewed at least every four years with 
the aim of considering deletion. 
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Closely related to the RoHS Directive is the Directive on waste electrical 
and electronic equipment (WEEE)77. This aims to prevent the generation of 
WEEE and to support the reuse, recycling and other forms of recovery of 
such waste. It also seeks to improve the environmental performance of all 
operators involved in the life cycle of electrical and electronic equipment. In 
particular, it provides that producers, or third parties acting on their behalf, 
must set up systems by 13 August 2004 to provide for the treatment of 
WEEE using best available treatment, recovery and recycling techniques. 
Member States must achieve a high level of separate collection for WEEE, 
and any mercury-containing components must be removed from any 
separately-collected WEEE. 

Vehicles 

The end-of-life vehicles (ELV) Directive7* aims, as a first priority, at the 
prevention of waste from vehicles. It also lays down measures relating to the 
reuse, recycling and other forms of recovery of ELVs and their components 
so as to reduce the disposal of waste. According to Article 4 of this Directive 
mercury, among other substances, is restricted in materials and components 
of vehicles. In particular, Member States must ensure that materials and 
components of vehicles put on the market after 1 July 2003 do not contain 
mercury other than in bulbs and instrument display panels. In addition, under 
Article 6 Member States must ensure that ELVs are stored and treated in 
accordance with minimum specified technical requirements, including the 
removal, as far as possible, of all components identified as containing 
mercury. 

Batteries 

The batteries Directive79 prohibits the marketing of batteries and 
accumulators containing more than 0.0005% of mercury by weight. Button 
cells with a mercury content of no more than 2% by weight are exempted. 
The Directive also requires Member States to take appropriate steps to 
ensure that spent batteries and accumulators are collected separately with a 
view to their recovery or disposal, and that batteries and accumulators are 
marked with information on separate collection, recycling and heavy metal 
content. 

In November 2003 the Commission adopted a proposal for a Directive 
that would replace and repeal the current batteries Directive. The limit on 
mercury content by weight of 0.0005%, and the exemption for button cells, 
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would be retained. The explanatory memorandum that accompanies the new 
proposal notes that mercury consumption in batteries has declined 
significantly in the EU, but that many mercury batteries produced before the 
restrictions of the current Directive entered into force are still in use. The 
new proposal aims to establish a closed loop system for all batteries to avoid 
their disposal by incineration or landfill. It would also require Member States 
to set up national collection systems so that consumers can return spent 
portable batteries free of charge. 

Pesticides and Biocides 

According to Article 3 of Council Directive 79/117/EEC27, which took 
effect in 1981, plant protection products containing one or more of the 
following active substances may be neither placed on the market nor used: 
mercury oxide, mercurous chloride (calomel), other inorganic mercury 
compounds, alkyl mercury compounds, alkoxyalkyl and aryl mercury 
compounds. An amendment22 in 1991 deleted some limited exemptions from 
these restrictions which had previously been allowed. 

Biocidal product cannot be placed on the market and used in the territory 
of the Member States unless authorised in accordance with Directive 
98/8/EC25. No biocidal products containing mercury have been authorised 
and accordingly they are banned in the EU. 

Cosmetics 

Under Directive 76/768/EEC2*, mercury and its compounds may not be 
present as ingredients in cosmetics, including soaps, lotions, shampoos, skin 
bleaching products, etc. (except for phenyl mercuric salts for conservation of 
eye makeup and products for removal of eye make-up in concentrations not 
exceeding 0.007 percent weight-to-weight) marketed within the EU. 

Other Uses 

Directive 76/769/EEC25 creates a framework legislative procedure under 
which the EU may ban or restrict the use of hazardous chemicals by adding 
the substances and controls to an Annex. Additions of chemicals have been 
done in several amendments. The following uses of mercury compounds 
were prohibited by Directive 89/677/EEC25: marine anti-fouling agents, 
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wood preservatives, impregnation of heavy-duty industrial textiles and yam, 
and treatment of industrial waters. 

More broadly, the Commission has recently proposed a major new EU 
chemicals regime27. This will eventually repeal the framework Directive 
76/769, encompass the various controls adopted under it, and provide a more 
streamlined procedure for the adoption of any further restrictions. 

EXPORT AND IMPORT 

Regulation 304/200325 implements the Rotterdam Convention on the 
Prior Informed Consent (PIC) Procedure for Certain Hazardous Chemicals 
and Pesticides in International Trade. The Convention provides for an 
exchange of information between its parties on restrictions on hazardous 
chemicals and pesticides and their import and export. The trigger for action 
is when a party takes regulatory action to ban or severely restrict a hazardous 
chemical or pesticide in its own territory in order to protect human health 
and/or the environment. The party must then notify the Secretariat of the 
Convention of that ban or restriction. It should also make export of the 
substance subject to a notification procedure, whereby the first export 
annually to any party would have to be notified in advance to the designated 
authority in that country of destination. This obligation ends when the 
substance becomes subject to the PIC procedure and the importing party has 
given an import decision (see below). 

When two notifications of bans or severe restrictions for the same 
substance are received under the Convention from two geographic regions, a 
chemical review committee will consider whether these meet the criteria of 
Annex II to the Convention. The committee may recommend that the 
substance be added to the PIC procedure and prepare a decision guidance 
document (DGD), containing relevant information to help parties take 
informed decisions on whether or not to accept imports. If the Conference of 
the Parties decides that the chemical should be included in the PIC 
procedure, the DGD is circulated and all parties should communicate an 
import decision to the Secretariat on whether and under what circumstances 
they wish to receive imports of the substance. Exporting parties are then 
obliged to ensure that their exporters comply with these wishes. 

Mercury compounds are listed in Annex I, Part 1 to the Regulation as 
banned or severely restricted within the EU and are thus subject to the export 
notification requirements, which are laid down in Article 7 of the 
Regulation. These requirements apply to exports to all countries. Mercury 
compounds used as pesticides, including inorganic mercury compounds, 
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alkyl mercury compounds and alkyloxyalkyl and aryl mercury compounds, 
are also included in Part 3 of Annex I to the Regulation as chemicals subject 
to the PIC procedure. Thus, in accordance with Article 13 of the Regulation, 
inter alia, EU exporters must comply with the import decisions taken by 
third countries. The Regulation in fact goes further than the Convention in 
this respect, in that it requires exports of PIC substances to have the explicit 
consent of the importing country (whereas under the Convention exports 
would, after a certain period of time, be permitted to a country that has failed 
to communicate an import decision). Like export notification, this 
requirement extends to exports to all countries, irrespective of whether or not 
they are parties to the Convention. 

The Regulation also bans the export from the EU of certain chemicals 
and articles, listed in Annex V. Cosmetic soaps containing mercury are 
subject to this ban. 

WASTE MANAGEMENT 

In addition to the waste management provisions linked to certain product 
groups described above (e.g. ELVs, batteries, WEEE), there are also various 
broader requirements in EU legislation. 

The Waste Framework Directive and Hazardous Waste 

The main basis for waste management in the EU is the waste framework 
Directive29. This requires that Member States take the necessary measures to 
ensure waste is recovered or disposed of without endangering human health 
and without using processes or methods that could harm the environment. It 
includes various provisions - for example relating to the control of waste 
management facilities - to support this requirement. 

Directive 91/689/EEC50 introduces an additional, more stringent, layer of 
controls applicable to hazardous waste on top of those that apply under the 
waste framework Directive. Wastes are identified as hazardous based on 
properties listed in Annex in of the Directive. By Decision 2000/532/ECi; a 
list of waste was adopted, which includes "Sludges containing mercury" (as 
a waste from natural gas purification), "Waste containing mercury", 
"Mercury containing batteries", "Amalgam waste from dental care" and 
"Fluorescent tubes and other mercury containing waste". The determination 
that waste is hazardous has implications in respect of the application of other 
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EU measures. For example, Regulation 259/93 prevents hazardous waste 
being exported to non-OECD countries. 

Waste Incineration 

The waste incineration Directive55 aims to prevent or to limit as far as 
practicable negative effects on the environment, in particular pollution by 
emissions into air, soil, surface water and groundwater, and the resulting 
risks to human health, from the incineration and co-incineration of waste. 
Emission limit values for discharges of waste water from exhaust gas 
cleaning at incineration plants are established in Annex IV of the Directive. 
The limit value for mercury is 0.03 mg/1. Air emission limit values for 
incineration plants are set out in Annex V. The limit value for mercury is 
0.05 mg/m3, as an average value over a minimum period of 30 minutes and a 
maximum of 8 hours (a limit of 0.1 mg/m3 applies until 1 January 2007 for 
existing plants for which the permit to operate was granted before 31 
December 1996). Mercury in emissions to air has to be measured at least 
twice per year; mercury in emissions to water at least once per month. 

Most waste incineration facilities will also fall under the scope of the 
IPPC Directive (see above). Where the application of the IPPC Directive 
would entail stricter requirements than those of the waste incineration 
Directive, then these stricter requirements take precedence. Work on a BREF 
document on waste incineration is underway. 

Landfills 

The landfill Directive5' aims to prevent or reduce negative effects on the 
environment and risk to human health from the landfilling of waste. Article 4 
requires that Member States classify landfills into those for hazardous waste, 
those for non-hazardous waste and those for inert waste. Member States 
must also ensure that certain wastes are not accepted in a landfill. These 
include liquid waste, and any other waste that does not fulfil the "acceptance 
criteria" determined in accordance with an Annex. These acceptance criteria 
were set out in Decision 2003/3 3/EC55. They include specific mercury 
leaching values for wastes acceptable at the different classes of landfill. 

Articles 7 and 8 of the landfill Directive require that operators of landfills 
apply for permits and that competent authorities ensure that certain 
conditions will be met in those cases where landfilling is authorised. One 
such condition is that landfills comply with certain technical standards set in 
an Annex, for example concerning protection of soil and water. Another is 
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that operators maintain adequate financial security to meet their obligations, 
including after-care. 

Sewage Sludge 

Directive 86/278/EEC55 aims to regulate the use of sewage sludge in 
agriculture in such a way as to prevent harmful effects on soil, vegetation, 
animals and humans, while encouraging its correct use. Member States must 
prohibit the application of sewage sludge to soil where the concentration of 
one or more metals in the soil exceeds the limit values laid down in a first 
Annex. For mercury, the soil limit value is 1 to 1.5 mg/kg of dry matter for 
soils with a pH higher than 6 and lower than 7. Member States must also 
regulate the use of sludge such that the accumulation of heavy metals in soil 
does not exceed the limit values. A possible revision of Directive 
86/218/EEC is being considered as part of the development of the EU's 
broader thematic strategy on soil57. 

LIMITING HUMAN EXPOSURE 

Drinking Water 

Directive 98/83/EEC3* sets standards for the quality of drinking water. 
According to Article 5 and Annex I, a maximum level of 1.0 ug/l is specified 
for mercury in drinking water. 

Worker Health and Safety 

Directive 98/24/EC5P lays down minimum requirements for the protection 
of workers from risks to their safety and health arising, or likely to arise, 
from the effects of all chemical agents that are present at the workplace or as 
a result of any work activity involving chemical agents. Consequently this 
framework Directive regulates all substances including mercury and its 
compounds. 

The EU Scientific Committee on Occupational Exposure Limits 
(SCOEL) has held extensive discussions on mercury and mercury 
compounds in order to come up with a Recommendation to the Commission 
for an occupational exposure limit value. The Committee has proposed 
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levels of 0.02 mg/m3 as an 8-hour time-weighted average, and 0.01 mg/1 in 
blood and 0.03 mg/g creatinine in urine as biological limit values. 

Mercury Contamination in Food 

Under Commission Regulation 466/200140, a maximum level of 0.5 
mg/kg wet weight is set for mercury in fishery products, with the exception 
of certain fish species for which a separate maximum level of 1 mg/kg wet 
weight applies. 

On 24 February 2004, responding to a request from the Commission, the 
Scientific Panel on Contaminants in the Food Chain of the European Food 
Safety Authority (EFSA) adopted an opinion on mercury and methylmercury 
in food*7. This took into account the decision in June 2003 of the FAO/WHO 
Joint Expert Committee on Food Additives to revise its Provisional 
Tolerable Weekly Intake for methylmercury from 3.3 to 1.6 jig/kg body 
weight'2. EFSA also took account of a lower Reference Dose of 0.7 ng/kg 
body weight per week established by the US National Research Council'5. It 
compared these levels against data gathered by the EU Member States and 
Norway on levels of mercury in foods and estimates of dietary exposure as 
part of a scientific co-operation (SCOOP) task". The EFSA opinion and the 
SCOOP report should be referred to directly to see their full analyses and 
conclusions in context. Some selected findings are given below. 

The EFSA opinion concluded that the reduction of the PTWI for 
methylmercury by JECFA, from 3.3 to 1.6 ug/kg body weight, was justified 
because rather than focusing on risks to the general population it was based 
on the most susceptible lifestage, i.e. the developing foetus and intake during 
pregnancy. Comparison with the lower US NRC recommendation may offer 
additional guidance. 

The estimated intakes of mercury in Europe varied by country, depending 
on the amount and type of fish consumed. Based on the SCOOP document, 
national average exposures to methylmercury'5 from fish and seafood 
products were between 1.3 and 97.3 jxg/week, corresponding to <0.1 to 1.6 
|ig/kg body weight per week (assuming a 60 kg adult body weight). Hence 
the highest average intake estimates were just at the PTWI, thereby 
exceeding the US NRC recommendation. 

In general, EU consumers who eat average amounts of varied fishery 
products are not likely to be exposed to unsafe levels of methyl mercury. 
However, people who eat more than average amounts of fish are more likely 
to exceed these recommended safety thresholds. In particular, population 
groups who frequently consume top predatory fish, such as swordfish and 
tuna, may have a considerably higher intake of methylmercury and exceed 
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the PTWL The range of high exposure was estimated to be between 0.4 and 
2.2 ug/kg body weight per week of methylmercury. 

The SCOOP data showed that, although the population in Norway had the 
highest total consumption of fish and seafood products, the estimated high 
intake of methylmercury from these foods was lower in Norway than in 
southern European countries. The reason for this is probably that the type of 
fish consumed in Norway consists of species, such as cod and saithe, 
containing relatively low levels of methylmercury. The consumption of top 
predatory fish, such as swordfish and tuna, which can contain higher levels 
of methylmercury, may be significantly greater in countries in southern 
Europe. 

A probabilistic analysis carried out by EFSA using the French data from 
the SCOOP report suggested that, based on the distribution of consumption 
and fish contamination, in France 11.3% of 293 children aged 3 - 6 years 
would exceed the JECFA PTWI for methylmercury and 44% would exceed 
the US NRC recommendation. The figures for 248 adults were 1.2% and 
17% respectively. However, the figures for children exceeding the PTWI are 
likely to represent an overestimate, because young children often tend to eat 
fish from species that are more likely to contain only low levels of methyl 
mercury, such as the white fish in fish fingers/ fish sticks. It is also important 
to note that some of the calculated high intakes may be overestimates in 
view of limitations on the available data, as indicated in the SCOOP report. 

Specific intake data for pregnant women were not available for the EU 
risk assessment, although the EFSA has highlighted the need to generate 
reliable intake data from studies focused on women of childbearing age. 

In view of the revised safety thresholds and risk assessment advice on 
dietary intake of methyl mercury, the EU maximum levels for mercury in 
fishery products are being reviewed and other risk management options are 
being considered. Initial assessment indicates that it might be difficult to 
further lower the maximum levels without either making them unachievable 
for many fish species or overcomplicating the legislation. 

As an alternative approach, the European Commission has issued an 
information note on methyl mercury in fish and fishery products.47 This has 
been distributed via consumer and public health networks, to help ensure that 
the information reaches the targeted vulnerable groups. The note contains 
advice on fish consumption for women who might become pregnant, who 
are pregnant or breastfeeding and for young children. It advises that these 
consumers should not eat more than one small portion (<100 g) per week of 
large predatory fish, such as swordfish, shark, marlin and pike, and that if 
they eat this portion, they should not eat any other fish during this period. It 
also advises that they should not eat tuna more than twice per week. (It is 
easy to calculate that the PTWI of 1.6 ug/kg body weight equals 96 ug/week 
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for an average 60 kg adult and this amount would be present in 96 g offish if 
it contains 1 mg/kg methyl mercury. Swordfish, shark, marlin and pike can 
often contain such a level.) EU consumers are also advised to pay attention 
to any more specific advice given by national authorities in light of local or 
regional consumption characteristics. This advice is roughly in line with 
advice issued in the USA¥<* and Australia and New Zealand. 49 Further 
discussions on the world-wide approaches to risk management of methyl 
mercury are planned. The European Community is leading a working group 
to prepare a discussion paper for the 37th session of the Codex Committee on 
Food Contaminants in 2005. 

DEVELOPMENT OF AN EU MERCURY STRATEGY 

The largest present user of mercury in the EU is the chlor-alkali industry. 
However, the use of mercury in this industry sector is being phased out as 
"mercury cell" technology is replaced with mercury-free processes. At the 
EU Environment Council meeting of 7 June 2001, the Council called upon 
the Commission to clarify the legal situation regarding the conversion of the 
chlor-alkali industry, identify the possible consequences for the use of 
mercury and report to the Council on the potential need for co-ordinated 
action in the EU and the accession countries. 

In response to the Council's request, in December 2002 the Commission 
presented a report to the Council concerning mercury from the chlor-alkali 
industry50. This reviewed mercury production and use generally, use of 
mercury in the chlor-alkali industry, legal issues concerning the conversion 
to mercury-free technology and consequences of the mercury-cell phase-out. 
In relation to the consequences of the mercury cell phase-out, the report 
analysed different scenarios concerning the fate of the surplus mercury 
expected to arise in the EU5;. 

The Council reacted to the report by inviting the Commission to present 
"a coherent strategy with measures to protect human health and the 
environment from the release of mercury based on a life-cycle approach, 
taking into account production, use, waste treatment and emissions". The EU 
mercury strategy will therefore look at all aspects of the mercury problem -
production and supply, trade, use in products and processes, emissions, 
recovery and disposal, and exposure - rather than just those aspects relating 
to the chlor-alkali industry52. The strategy is due to be published in 2004. 
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