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Disclaimer:

This publication is intended to serve as a guide. While the information provided is believed to be accu-
rate, UNEP disclaims any responsibility for possible inaccuracies or omissions and consequences that
may flow from them. Neither UNEP nor any individua involved in the preparation of this publication
shdl be liable for any njury, loss, damage or prejudice of any kind that may be caused by persons
who have acted based on their understanding of the information contained in this publication.

The designation employed and the presentation of materia in this publication do not imply any e-
pression of any opinion whatsoever on the part of the United Nations or UNEP concerning the lega
status of any country, territory, city or area or any of its authorities, or concerning any definition of
frontiers or boundaries.

This publication is produced within the framework of the
Inter-Organization Programme for the Sound Management of Chemicals (IOMC).

Thel nter-Organization Programme for the Sound Management of Chemicals (IOMC), was
established in 1995 by UNEP, ILO, FAO, WHO, UNIDO and OECD (Participating Organiza-
tions), following recommendations made by the 1992 UN Conference on Environment and
Development to strengthen cooperation and increase coordination in thefield of chemical
safety. In January 1998, UNITAR formally joined the IOMC as a Participating Organization.
The purpose of the IOMC isto promote coor dination of the policies and activities pursued by
the Participating Organizations, jointly or separately, to achieve the sound management of
chemicalsin relation to human health and the environment.

Materid in this publication may be fredly quoted or reprinted, but acknowledgement is requested to-
gether with a reference to the document. A copy of the publication containing the quotation or reprint
should be sent to UNEP Chemicals.

This document is available from:;

UNEP Chemicals
11-13, chemin des Anémones
CH-1219 Chételaine, Geneva
Switzerland
Phone: +41 22 917 1234
Fax: +41 22 797 3460
E-mall: chemicals@unep.ch
Website : http://www.chem.unep.ch

UNEP Chemicalsisa part of UNEP’ s Technology, Industry and Economics Division



Global Mercury Assessment — Table of contents

Table of Contents

Key findings of thereport

Summary of thereport

1 Introduction

11 Background and mandate

12 Submission of information for this report

1.3 Sources of information for this report

1.4  Scope and coverage in this report

15 Purpose of this report

2 Chemistry

21  Oveview

2.2 Mercury species and transformation in the atmosphere

2.3 Mercury species and transformation in aquatic environments
24 Mercury species and transformation in soil

3 Toxicology

31  Overview

3.2 Methylmercury

3.3 Elemental and inorganic mercury

34  Interactions— possible confounding effects of certain nutrients
4 Current mercury exposures and risk evaluationsfor humans
41  Overview

4.2 Evauations of exposure levels causing risks

4.3 Routes of mercury exposure — ageneral overview

4.4  Exposure through diets of fish and marine mammals

45 Submitted data on mercury concentrationsin fish

5 Impacts of mercury on the environment

51 Overview

5.2 Eco-toxicologica effect levels

53 Ecosystems at risk and vulnerable species

54 Mercury concentrations in environmental media

6 Sour ces and cycling of mercury to the global environment
6.1 Overview

6.2 Natural sources of mercury

50

51

61
67

72
72

SIS

86

91



Global Mercury Assessment — Table of contents

6.3
6.4

7.1
7.2
7.3
7.4

8.1
8.2
8.3
8.4
8.5

9.1
9.2
9.3
9.4
9.5

10

10.1
10.2
10.3

11
111
11.2

11.3

114

115

12

Anthropogenic sources of mercury
Pathways of mercury to —and in — the environment

Current production and use of mercury

Overview

Global production

Current use patterns

Particulars on chlor-alkali production and gold extraction

Prevention and control technologies and practices
Overview

Subgtitution

Reducing mercury releases

Waste management practices

Mercury control costs and effectiveness

Initiatives for controlling releases and limiting use and exposure
Overview

National initiatives

International agreements and instruments

International organizations and programmes

Sub-regional and regional initiatives

Data and information gaps

Nationa research and information needs
Data gaps of agenerdl, global character
Development of Policy Tools

Optionsfor addressing any significant global adver se impacts
Overview

Conclusions with respect to significant global adverse impacts of
mercury

Conclusions with respect to possible options for addressing any
significant global impacts of mercury

Additiona aspects with respect to possible options for addressing
any significant global impacts of mercury

Proposals for immediate action to be considered by the UNEP
Governing Council

Glossary, acronyms and abbreviations

Refer erces

92
103

117
117
119

129

135
135
140
146
161
165

173
173
174
196
207
214

221
221

226

228
228

229

231

236

239

241

244



Global Mercury Assessment —Key findings of the report iii

Key findings of thereport

WHY SHOULD WE BE CONCERNED AND CAN INTERVENTION RESULT IN CHANGE?
Mercury is Present throughout the Environment

1 Environmental mercury levels have increased considerably since the on-set of the industria age.
Mercury is now present in various environmental media and food (especidly fish) al over the globe at
levels that adversely affect humans and wildlife. Widespread exposures are occurring due to human-
generated sources, and past practices have left alegacy of mercury in landfills, mine tailings, contami-
nated industrial sites, soils and sediments. Even regions with no significant mercury releases, such as the
Arctic, are adversdly affected due to the transcontinental and global transport of mercury.

Mercury is Persistent and Cycles Globally

2. The most significant releases of mercury pollution are emissionsto air, but mercury is dso re-
leased from various sources directly to water and land. Once released, mercury persists in the environ-
ment where it circulates between air, water, sediments, soil and biotain various forms. Current emissions
add to the globa pool— mercury that is continuoudly mobilised, deposited on land and water, and re-
mobilised.

3. The form of mercury released varies depending on source type and other factors. The mgjority of
air emissions are in the form of gaseous elemental mercury, which is transported globaly to regions far
from the emissions source. The remaining emissions are in the form of gaseous inorganic ionic mercury
forms (such as mercuric chloride) or bound to emitted particles. These forms have a shorter atmospheric
lifetime and will deposit to land or waterbodies within roughly 100 to 1000 kilometres of their source.
Elemental mercury in the atmosphere can undergo transformation into ionic mercury, providing a signifi-
cant pathway for deposition of emitted elemental mercury.

4, Once deposited, the mercury form can change (primarily by microbia metabolism) to methyl-
mercury, which has the capacity to collect in aorganisms (bioaccumulate) and to concentrate up food
chains (biomagnify), especidly in the aguatic food chain (fish and marine mammals). Methylmercury is
therefore the form of greatest concern. Nearly al of the mercury in fish is methylmercury.

Mercury Exposure Has Serious Effects

5. Mercury has caused avariety of documented, significant adverse impacts on human health and
the environment throughout the world. Mercury and its compounds are highly toxic, especidly to the de-
veloping nervous system. The toxicity to humans and other organisms depends on the chemical form, the
amount, the pathway of exposure and the vulnerability of the person exposed. Human exposure to mer-
cury can result from avariety of pathways, including, but not limited to, consumption of fish, occupa-
tional and household uses, dental amalgams and mercury-containing vaccines.

6. Methylmercury is adversely affecting both humans and wildlife. This compound readily passes
the placental barrier and the blood-brain barrier, and is a neurotoxicant, which may in particular cause
adverse effects on the developing brain. Studies have shown that methylmercury in pregnant women's
diets can have subtle, persistent adverse effects on children’s development as observed at about the start
of school age. Moreover, some studies suggest small increases in methylmercury exposure may cause
adverse effects on the cardiovascular system. Many people (and wildlife) are currently exposed at levels
that pose risks of these, and possibly other adverse effects.

7. Some populations are especialy susceptible to mercury exposure, most notably the fetus, the
newborn, and young children because of the sensitivity of the developing nervous system. Thus, parents,
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pregnant women, and women who might become pregnant, should be particularly aware of the potential
harm of methylmercury. Moderate consumption of fish (with low mercury levels) is not likely to result in
exposures of concern. However, indigenous populations and others who consume higher amounts of con
taminated fish or marine mammals, as well as workers who are exposed to mercury, such asin small-
scae gold and slver mining, may be highly exposed to mercury and are therefore at risk.

8. Besides their importance to many native cultures, fish are an extremely valuable component of
the human diet in many parts of the world, providing nutrients that are often not available in dternative
food sources. Mercury isamajor threat to this food supply. Likewise, contaminated fish can bring serious
economic problems to communities and regions dependent on fisheries for their economic survival.

0. There are a so particularly vulnerable ecosystems and wildlife populations. These include top
predators in aquatic food webs (such as fish-eating birds and mammals), Arctic ecosystems, wetlands,
tropical ecosystemns and soil microbia communities.

Intervention Can be Successful

10. Mercury pollution has significant impacts at local, nationd, regiond and globa levels. These im-
pacts can be addressed through a range of actions at each of these levels, targeting reductions in uses, re-
leases and exposures. Numerous actions implemented in Europe, North America and elsewhere have suc-
cessfully reduced uses and releases of mercury. However, inventories are still incomplete in these regions,
and some releases are till significant. The extent of decreases in environmenta levels and ecosystem im-
provements in response to decreased releases of mercury will vary considerably depending on local eco-
system characteristics and other factors, and in some cases may take several decades. However, an
evaluation of mercury levelsin Swedish lakes indicates that, by reducing releases, environmenta levels

of mercury, such asin freshwater fish, may be reduced significantly in specific locations within one to

two decades.

WHY ISLOCAL/REGIONAL ACTION, BY ITSELF, NOT SUFFICIENT?

Global Cycling of Mercury Increases the Problem

11. As described above, the origins of atmospheric mercury deposition are local and regional as well
as hemispherical or globa. Besides local sources of mercury releases (such as waste incineration and coal
combustion facilities), the genera global background concentrations (globa pool) contribute significantly
to the mercury burden at most locations. Similarly, virtualy any local source contributes to the global

pool. Also, rivers and ocean currents are media for long-range mercury transport.

12, In some nations, local and regional mercury depositions have gradually increased contamination
levels to the point that countermeasures have been enacted in recent decades to reduce emissions. How-
ever, due to long-range transport, even nations with minimal mercury releases, and other areas remote
from industrial activity, may be adversely affected. For example, high mercury levels are observed in the
Arctic, far from the sources of any significant releases.

Mercury Has an Impact on Global Fishing

13. Many fish species in international waters migrate to remote and diverse locations. Moreover, after
harvest, commercial fish are commonly exported to various nations throughout the world, to locations far
removed from place of origin. Therefore, mercury contamination of lakes, rivers, and especially oceansis
truly a global issue, affecting fishing industries and fish consumers around the world.

Mercury May Be More Problematic to L ess-Developed Regions

14. As awareness of mercury's adverse impacts has increased, the uses of mercury have been reduced
sgnificantly in many industrialised countries. Alternatives are commercially and competitively available
for most uses. However, these reductions in use have had the effect of lowering demand relative to the
supply of mercury, which has kept mercury prices low and encouraged ongoing (and in some cases, in-
creased) use of mercury and outdated mercury technologies in less-developed regions or naions. As mer-
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cury regulations and restrictions are less comprehensive or less well enforced in many less-developed re-
gions, these trends have contributed to the concentration, in these areas, of a disproportionate burden of
some of the health and environmental risks that accompany mercury.

Mercury is Subject to Significant International Use and Commer ce

15. Despite improved awareness of risks, mercury continues to be used in avariety of products and
processes all over the world. Elemental mercury meta is used in small-scale mining of gold and silver;
chlor-akali production; manometers for measurement and control; thermometers; electrical switches,
fluorescent lamps; and dental amalgam fillings. Mercury compounds are used in batteries; biocides in the
paper industry, pharmaceuticals, paints and on seed grain; and as laboratory reagents and industria cata-
lysts.

16. There is significant ongoing trade in mercury and mercury-containing products, some of which is
illegal, uncontrolled and/or unregulated. The most significant global movement of mercury that remains
poorly understood is the flow of mercury through international commerce. While overal quantities of
mercury traded (and mined) have diminished in recent years, significant amounts are still transported. The
unabated demand in many developing nations is a particular concern. Mercury available on the world
market is supplied from a number of sources, including, among others:

Mining of mercury (extracted from ores within the earth’s crust) either as the main product or asa
by-product of mining and refining other metals (gold, zinc) or minerals;

Private and government stocks (mercury in chlor-alkali plants, government reserves);

Recycled mercury recovered from spent products and industrial wastes.

17. Even under current regulations and restrictions, many of the uses and movements of mercury and
mercury containing products are likely to eventualy result in the release of mercury to the global envi-
ronment. Meanwhile, large amounts of mercury that remain in mine tailings, landfills and sediments, as
well as stockpiles, continue to present athreat of future release. Hence, actions to reduce, manage and
address uses, stocks and trade may be useful at local, regiona, national and international levelsto prevent
or minimize future rel eases.

HOW DOESMERCURY GET INTO HUMANSAND WILDLIFE?

18. Although local conditions may affect mercury exposure in certain populations, most people are
primarily exposed to methylmercury through the diet (especialy fish) and to elemental mercury vapours
due to dental amalgams and occupational activities. The toxicity of methylmercury is described above.
Elemental mercury vapour is aso toxic to the nervous system and other organs. While methylmercury is
of greatest concern for general populations, elevated exposures to elemental mercury are aso of concern.

19. Elevated methylmercury levels have been measured in numerous freshwater and marine fish spe-
cies throughout the world. The highest levels are found in large predatory fish and fish-consuming mam-
mals. Exposure studies from diverse geographic areas indicate that a significant portion of humans and
wildlife throughout the world are exposed to methylmercury at levels of concern, primarily due to con
sumption of contaminated fish.

20. Depending on loca mercury pollution load, substantial additional contributions to the intake of
total mercury can occur through air and water. Also, persond use of skin lightening creams and soaps,
mercury use for religious, cultura and rituaistic purposes, use in some traditional medicines and mercury
in the home and working environment can result in substantial elevations of human exposure. Exposures
also occur through the use of vaccines and some other pharmaceuticals containing mercury preservatives
(such as Thimerosal/Thiomersal).

21 Elevated elemental mercury levels in the working environment have been reported in chlor-akali
plants, mercury mines, thermometer factories, refineries, dental clinics, and in mining and manufacturing
of gold and silver extracted with mercury. The rdlative impacts from local pollution (such as former min-
ing Sites), occupationa exposure and local traditions may vary considerably between nations and are
known to be significant in some aress.
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22. Numerous wildlife species that rely on fish as alarge part of their diet can have elevated mercury
levels that raise the risk of adverse effects. Animals with the highest mercury leves include atter, mink,
raptors, osprey, and eagles, which are top predators in the aquatic food chain. For example, eggs of cer-
tain Canadian bird species have mercury levels that are athreat to reproduction. Moreover, mercury levels
in Arctic ringed seals and beluga whales have increased by 2 to 4 times over the last 25 years in some
areas of the Canadian Arctic and Greenland. In warmer waters, some predatory marine mammals are also
at risk. In addition, recent evidence indicates that soils are adversely affected over large parts of Europe
and potentialy in many other locations. However, in some environments, even fairly heavy mercury loads
have very little effect on organisms as either mercury is not efficiently bioaccumulated throughout the
local food chain or the mercury is not easily methylated. In addition, the effects of watershed manage-
ment practisesin certain locations on methylmercury levels may be more significant than the effects of
direct or diffuse mercury inputs.

WHAT ARE THE PRIMARY SOURCES OF MERCURY RELEASES?

23. The releases of mercury can be grouped in four categories:

Natural sources - releases due to natural mobilisation of naturally occurring mercury from the
Earth's crust, such as volcanic activity and weathering of rocks,

Current anthropogenic (associated with human activity) releases from the mobilisation of mer-
cury impurities in raw materials such as fossil fuels — particularly coal, and to alesser extent gas
and oil — and other extracted, treated and recycled minerals,

Current anthropogenic rel eases resulting from mercury used intentionally in products and proc-
esses, due to releases during manufacturing, leaks, disposa or incineration of spent products or
other releases,

Re-mobilisation of historic anthropogenic mercury releases previousy deposited in soils, sed-
ments, water bodies, landfills and waste/tailings piles.

24, A large portion of the mercury present in the atmosphere today is the result of many years of an-
thropogenic emissions. The natural component of the total atmospheric burden is difficult to estimate,
although available data suggest anthropogenic activities have increased levels of mercury in the atmos-
phere by roughly afactor of 3, average deposition rates by a factor of 1.5 to 3 and deposition near indus-
trial areas by afactor of 2 to 10.

25. Highly contaminated industria sites and abandoned mining operations continue to release mer-
cury. Also, land, water and resource management activities such as forestry and agricultura practices and
flooding can make mercury more bioavailable. Methylation and bioaccumulation are influenced by high
levels of nutrients and organic matter in water bodies. In addition, frequent extreme weather events can
contribute to release of mercury through flooding and soil erosion.

WHAT ARE THE ANTHROPOGENIC SOURCES?

26. With regard to anthropogenic releases, the relative importance of releases associated with inten-
tional uses versus mohilisation of mercury impurities vary between nations and regions, particularly de-
pending on: extent of substitution of intentional uses (products and processes); reliance on fossil fuels,
particularly cod, for energy; extent of mining and minera extraction industry; waste disposal practices;
and state of implementation of pollution control technologies. In nations where there is mercury mining
or use of mercury for small-scale gold or silver mining, these sources can be quite significant.

27. Some of the more important anthropogenic processes that mobilise mercury impurities include:
coal-fired power and heat generation; cement production; and mining and other metalurgic activities in-
volving the extraction and processing of mineral materials, such as production of iron and stedl, zinc and
gold. Some important sources of anthropogenic releases that occur from the intentional extraction and
use of mercury include: mercury mining; small-scale gold and slver mining; chlor-akali production;
(breakage during) use of fluorescent lamps, auto headlamps, manometers, thermostats, thermometers, and
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other instruments, dental amalgam fillings; manufacturing of products containing mercury; waste treat-
ment and incineration of products containing mercury; landfills; and cremation.

HOW CAN RELEASES BE REDUCED?

28. Reducing or éiminating anthropogenic mercury releases will require controlling releases from
mercury-contaminated raw materials and feedstocks as well as reducing or diminating the use of mercury
in products and processes. The specific methods for controlling these mercury releases vary widdly, de-
pending upon locd circumstances, but fall generally under four groups:

Reducing mercury mining and consumption of raw materials and products that generate rel eases;
Substitution of products and processes containing or using mercury;

Controlling mercury releases through end-of -pipe controls; and

Mercury waste management.

29. The first two of these are “ preventive” measures — preventing some uses or releases of mercury

from occurring at all. The latter two are “control” measures, which reduce (or delay) some rel eases. Pre-
ventive measures for reducing consumption of raw materials and products that generate mercury releases
are generaly cost-effective, and among the most viable means of eliminating mercury releases. Also, sub-
stitution of products and processes without mercury is an important preventive action.

30. Controlling mercury releases through end-of -pipe techniques, such as exhaust gas filtering, may
be especialy appropriate to processes using raw materials with trace mercury contamination - fossl-
fueled power plants, cement production, extraction and processing of primary raw materials such as zinc,
gold and other metals, and processing of secondary raw materials such as steel scrap. Existing control
technologies that reduce sulphur dioxide (SO,), nitrogen oxides (NO,) and particul ate matter (PM) for
coal-fired boilers and incinerators, while not widely used in many countries, also yield some level of mer-
cury control. Technology for additional mercury control is under development and demonstration, but is
not yet commercialy deployed. In thelong run, integrated multi-pollutant (SO,, NO,, PM, and mercury)
control technologies may be a cost-effective approach. However, end-of -pipe control technologies, while
mitigating the problem of atmospheric mercury pollution, still result in mercury wastes that are potential
sources of future emissions and should be disposed of or reused in an environmentally acceptable manner.

3L Mercury waste management has become more complex as more mercury is collected from a vari-
ety of sources, including gas filtering products, dudges from the chlor-akai industry, ashes, and minera
residues, as well as used fluorescent tubes, batteries and other products that are often not recycled. The
cost of acceptable disposal of mercury waste in some countries is such that many producers now investi-
gate whether aternative non-mercury products exist. Proper management of mercury wastes is important
to reduce releases to the environment, including those that occur due to spills (such as broken thermome-
ters) or releases that occur over time due to leakage from certain uses (such as auto switches and dental
amalgams) or releases through waste incineration and cremation. A well thought-out combination of pre-
vention and control measures is necessary to optimize reductions in mercury releases.

32. Many nations have implemented actions to limit and prevent uses, releases and exposures, such as:

Actions and regulations that control mercury releases into the environment;

Product control actions and regulations for mercury-containing products,

Environmental quaity standards, specifying a maximum acceptable mercury concentration for
different media such as drinking water, surface waters, air, soil and foodstuffs such as fish;

Other standards, actions and programmes, such as regulations on mercury exposures in the work-
place, reporting requirements, fish consumption advisories and consumer safety measures.

3. Although legidation is a key component of most nationa initiatives, other efforts exist to reduce
mercury use such as developing and introducing safer alternatives and cleaner technology, the use of sub-
sidies and incentives to encourage substitution efforts, voluntary agreements with industry, and awareness
rasing.



Global Mercury Assessment —Key findings of the report viii

3A. Because of mercury’s long-range cycling and persistence in the environment, a number of cour-
tries have aready initiated measures at regional, sub-regiona and international levels to identify common
reduction goals and ensure coordinated implementation among countries.

WHAT WOULD IMPROVE OUR UNDERSTANDING AND INTERNATIONAL COORDINATION

35. Despite data gaps, sufficient understanding has been developed of mercury (including knowledge
of its fate and transport, health and environmental impacts, and the role of human activity), based on ex-
tensive research over half a century, that international actions to address the globa mercury problem
should not be delayed. Nonetheless, further research and other activities would be useful to improve our
understanding and coordination in a number of aress, including:

Inventories of national uses, consumption and environmental rel eases;

Information on transport, transformation, cycling, and fate of mercury in various compartments;

Assessment and monitoring of mercury levelsin various media (such as air and air deposition)
and biota (such as fish), and associated impacts on humans and wildlife, including impacts from
cumulative exposures to different forms of mercury;

Data and evaluation tools for human and ecologica risk assessments;
Additional measures to prevent and reduce rel eases from various sources,

Collaboration among nations dealing with the spectrum of scientific and technica issues, includ-
ing mercury waste management and remediation; and

Information on the global commerce and trade of mercury and mercury-containing materials.
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Summary of thereport

CHAPTER 1- Introduction

36. This report responds to the request of the Governing Council (GC) of the United Nations Envi-
ronment Programme (UNEP), through GC decision 21/5, that UNEP undertake a global assessment of
mercury and mercury compounds, in cooperation with other members of the Inter-Organization Pro-
gramme for the Sound Management of Chemicals (IOMC), to be presented to the Governing Council at
its 22" session in 2003. The assessment would include contributions from Governments, intergovern-
mental and non-governmental organizations and the private sector, and cover a number of specific ele-
ments defined in the GC decision. These elements are covered as far as possible in the different chapters
of the report.

37. As part of the implementation of GC decision 21/5, UNEP established a Globa Mercury Assess-
ment Working Group to assist in the drafting and findization of this report, first through a comment

round by mail, then through a meeting of the Working Group, which took place 9-13 September 2002 in
Geneva, Switzerland. The Working Group was open-ended and consisted of members nominated by
Governments, intergovernmental organizations and non-governmenta organizations.

3. This report will be forwarded to the Governing Council for consideration at its 22" sessionin
February 2003. By having initiated the development of this assessment report, the Governing Council

will have a better basis for considering if any international action on mercury is caled for in order to
promote environmentally sound management of mercury and its compounds. The report will contribute to
increased awareness and understanding among decision makers of the mgjor issues related to mercury and
its compounds, thereby facilitating the debate on the issue at the next session of the Governing Council.

CHAPTER 2— Chemistry

39. Mercury occurs naturally in the environment and exists in alarge number of forms. Like lead or
cadmium, mercury is a congtituent element of the earth, a heavy metd. In pure form, it is known aterna-
tively as “elemental” or “metallic’ mercury (also expressed as Hg(0) or Hg). Mercury israrely found in
nature as the pure, liquid metal, but rather within compounds and inorganic sats. Mercury can be bound
to other compounds as monovalent or divaent mercury (also expressed as Hg(1) and Hg(ll) or Hgf*, re-
spectively). Many inorganic and organic compounds of mercury can be formed from Hg(l1).

40. Elemental mercury is a shiny, silver-white metal that isaliquid at room temperature and is tradi-
tionally used in thermometers and some electrical switches. If not enclosed, at room temperature some of
the metallic mercury will evaporate and form mercury vapours. Mercury vapours are colourless and
odourless. The higher the temperature, the more vapours will be released from liquid metdlic mercury.
Some people who have breathed mercury vapours report a metallic taste in their mouths.

41 Mercury is mined as mercuric sulphide (cinnabar ore). Through history, deposits of cinnabar have
been the source ores for commercial mining of metallic mercury. The metalic form is refined from mer-
curic sulphide ore by heating the ore to temperatures above 540 ° C. This vaporises the mercury in the
ore, and the vapours are then captured and cooled to form the liquid metal mercury.

42. Inorganic mercuric compounds include mercuric sulphide (HgS), mercuric oxide (HgO) and mer-
curic chloride (HgCl,). These mercury compounds are aso called mercury salts. Most inorganic mercury
compounds are white powders or crystals, except for mercuric suphide, which isred and turns black after
exposure to light. Some mercury salts (such as HgCl,) are sufficiently volatile to exist as an atmospheric
gas. However, the water solubility and chemical reactivity of these inorganic (or divaent) mercury gases
lead to much more rapid deposition from the atmosphere than for elemental mercury. This resultsin sig-
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nificantly shorter atmospheric lifetimes for these divaent mercury gases than for the e emental mercury
gas.

43 When mercury combines with carbon, the compounds formed are called "organic" mercury com-
pounds or organomercurias. Thereis a potentially large number of organic mercury compounds (such as
dimethylmercury, phenylmercury, ethylmercury and methylmercury); however, by far the most common
organic mercury compound in the environment is methylmercury. Like the inorganic mercury com-
pounds, both methylmercury and phenylmercury exist as "sdlts' (for example, methylmercuric chloride or
phenylmercuric acetate). When pure, most forms of methylmercury and phenylmercury are white crystal-
line solids. Dimethylmercury, however, is a colourless liquid.

44, Severa forms of mercury occur naturdly in the environment. The most common natural forms of
mercury found in the environment are metallic mercury, mercuric sulphide, mercuric chloride, and me-
thylmercury. Some micro-organisms and natural processes can change the mercury in the environment
from one form to another.

45, Elementa mercury in the atmosphere can undergo transformation into inorganic mercury forms,
providing a significant pathway for deposition of emitted elemental mercury.

46. The most common organic mercury compound that micro-organisms and natural processes ger
erate from other forms is methylmercury. Methylmercury is of particular concern because it can build up
(bioaccumul ate and biomagnify) in many edible freshwater and saltwater fish and marine mammals to
levels that are many thousands of times greater than levels in the surrounding water.

47. Methylmercury can be formed in the environment by microbia metabolism (biotic processes),
such as by certain bacteria, and by chemica processes that do not involve living organisms (abiotic proc-
esses). Although, it is generaly believed that its formation in nature is predominantly due to biotic proc-
esses. Significant direct anthropogenic (or human generated) sources of methylmercury are currently not
known, athough historic sources have existed. Indirectly, however, anthropogenic rel eases contribute to
the methylmercury levels found in nature because of the transformation of other forms. Examples of d-
rect release of organic mercury compounds are the Minamata methylmercury-poisoning event that oc-
curred in the 1950’ s where organic mercury by-products of industrial-scale acetal dehyde production were
discharged in the local bay, and the Iragi poisoning events where wheat treated with a seed dressing con
taining organic mercury compounds were used for bread. Also, new research has shown that methylmer-
cury can be released directly from municipa waste landfills (Lindberg et al., 2001) and sewage treatment
plants (Sommar et al., 1999), but the genera significance of this source is still uncertain.

48. Being an element, mercury cannot be broken down or degraded into harmless substances. Mer-
cury may change between different states and speciesin its cycle, but its smplest form is elemental mer-
cury, which itsaf is harmful to humans and the environment. Once mercury has been liberated from ei-
ther ores or from fossil fuel and mineral deposits hidden in the earth’s crust and released into the bio-
sphere, it can be highly mobile, cycling between the earth’ s surface and the atmosphere. The earth’s sur-
face soils, water bodies and bottom sediments are thought to be the primary biospheric sinks for mercury.

Mercury existsin thefollowing main statesunder natural conditions

Asmetdlic vapour and liquid/dementd mercury;
Bound in mercury containing mineras (solid);
Asionsin solution or bound in ionic compounds

(inorganic and organic Ats);

Assolubleion complexes,

As gaseous or dissolved non-ionic organic compounds;
Bound to inorganic or organic particlesmatter by ionic,
electrophilic or lipophilic adsorption.
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Significance of mercury speciation

49, The different forms mercury existsin (such as elemental mercury vapour, methylmercury or mer-
curic chloride) are commonly designated “ species’. As mentioned above, the main groups of mercury
species are elemental mercury, inorganic and organic mercury forms. Speciation is the term commonly
used to represent the distribution of a quantity of mercury among various species.

50. Speciation plays an important part in the toxicity and exposure of mercury to living organisms.
Among other things, the species influence:

The physical availability for exposure - if mercury istightly bound to in-absorbable materid, it
cannot be readily taken up (e.g. into the blood stream of the organism);

The internal transport inside the organism to the tissue on which it has toxic effects - for example
the crossing of the intestind membrane or the blood-brain barrier;

Its toxicity (partly due to the above mentioned);

Its accumulation, bio-modification, detoxification in — and excretion from — the tissues;

Its bio-magnification on its way up the trophic levels of the food chain (an important feature par-
ticularly for methylmercury).

Bl Speciation a so influences the transport of mercury within and between environmental compart-
ments including the atmosphere and oceans, among others. For example, the speciation is a determining
factor for how far from the source mercury emitted to air is transported. Mercury adsorbed on particles
and ionic (e.g. divalent) mercury compounds will fal on land and water mainly in the vicinity of the
sources (locd to regiona distances), while elemental mercury vapour is transported on a hemispheri-
cal/global scale making mercury emissions a globa concern. Another example is the so-caled "polar sun-
rise mercury depletion incidence”, where the transformation of elemental mercury to divalent mercury is
influenced by increased solar activity and the presence of ice crystals, resulting in a substantial increasein
mercury deposition during a three month period (approximately March to June).

52. Moreover, speciation is very important for the controllability of mercury emissonsto air. For
example, emissions of inorganic mercuric compounds (such as mercuric chloride) are captured reasonably
well by some control devices (such as wet-scrubbers), while capture of elemental mercury tends to be low
for most emission control devices.

CHAPTER 3- Toxicology

53. The toxicity of mercury depends on its chemica form, and thus symptoms and signs are rather
different in exposure to elemental mercury, inorganic mercury compounds, or organic mercury com-
pounds (notably akylmercury compounds such as methylmercury and ethylmercury salts, and dimethyl-
mercury). The sources of exposure are also markedly different for the different forms of mercury. For
akylmercury compounds, among which methylmercury is by far the most important, the major source of
exposure is diet, especialy fish and other seafood. For elemental mercury vapour, the most important
source for the general population is dental amalgam, but exposure at work may in some situations exceed
this by many times. For inorganic mercury compounds, diet is the most important source for the mgjority
of people. However, for some segments of populations, use of skin-lightening creams and soaps that con-
tain mercury, and use of mercury for cultural/ritualistic purposes or in traditional medicine, can also result
in substantial exposures to inorganic or elemental mercury.

4. Whileit is fully recognised that mercury and its compounds are highly toxic substances for which
potential impacts should be considered carefully, there is ongoing debate on how toxic these substances,
especially methylmercury, are. New findings during the last decade indicate that toxic effects may be tak-
ing place at lower concentrations than previoudy thought, and potentially larger parts of the globa popu-
lation may be affected. As the mechanisms of subtle toxic effects — and proving whether such effects are
taking place — are extremely complex issues, a complete understanding has so far not been reached on this
very important question.
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Methylmercury

55. Of the organic mercury compounds, methylmercury occupies a specia position in that large
populations are exposed to it, and its toxicity is better characterized than that of other organic mercury
compounds. Within the group of organic mercury compounds, alkylmercury compounds (especialy
ethylmercury and methylmercury) are thought to be rather similar as to toxicity (and also historical use as
pesticides), while other organic mercury compounds, such as phenylmercury, resemble more inorganic
mercury in their toxicity.

56. Methylmercury is a well-documented neurotoxicant, which may in particular cause adverse ef-
fects on the developing brain. Moreover, this compound readily passes both the placental barrier and the
blood-brain barrier, therefore, exposures during pregnancy are of highest concern. Also, some studies
suggest that even small increases in methylmercury exposures may cause adverse effects on the cardio-
vascular system, thereby leading to increased mortality. Given the importance of cardiovascular diseases
worldwide, these findings, athough yet to be confirmed, suggest that methylmercury exposures need

close atention and additional follow-up. Moreover, methylmercury compounds are considered possibly
carcinogenic to humans (group 2B) according to the International Agency for Research on Cancer (IARC,
1993), based on their overall evaluation.

Elemental mercury and inorganic mercury compounds

57. The main route of exposure for elemental mercury is by inhalation of the vapours. About 80 per-
cent of inhaled vapours are absorbed by the lung tissues. This vapour also easily penetrates the blood-
brain barrier and is a well-documented neurotoxicant. Intestinal absorption of elemental mercury is low.
Elemental mercury can be oxidized in body tissues to the inorganic divalent form.

58. Neurological and behavioura disorders in humans have been observed following inhaation of
elementa mercury vapour. Specific symptoms include tremors, emotiona [ability, insomnia, memory

loss, neuromuscular changes, and headaches. In addition, there are effects on the kidney and thyroid.
High exposures have a so resulted in death. With regard to carcinogenicity, the overall evauation, accord-
ing to IARC (1993), is that metallic mercury and inorganic mercury compounds are not classifiable asto
carcinogenicity to humans (group 3). A critical effect on which risk assessment could be based is there-
fore the neurotoxic effects, for example the induction of tremor. The effects on the kidneys (the renal tu-
bule) should aso be considered; they are the key endpoint in exposure to inorganic mercury compounds.
The effect may well be reversible, but as the exposure to the general population tends to be continuous,
the effect may till be relevant.

Summary of effect levels

59. To put the level of exposures for methylmercury in perspective, for the most widely accepted
non-lethal adverse effect (neurodevelopmental effects), the United States (US) National Research Council
(NRC, 2000) has estimated the benchmark dose (BMD) to be 58 micrograms per litre (ng/l) tota mercury
in cord blood (or 10 micrograms per gram (ng/g) total mercury in materna hair) using data from the
Faroe Idands study of human mercury exposures (Grandjean et al., 1997). This BMD leve isthe lower
95% confidence limit for the exposure level that causes a doubling of a 5% prevaence of abnormal neu-
rological performance (developmental delaysin attention, verbal memory and language) in children ex-
posed in-utero in the Faroe Idlands study. These are the tissue levels estimated to result from an average

daily intake of about 1 nmg methylmercury per kg body weight per day (1 ng/kg body weight per day).

60. Other adverse effects have been seen in humans with less reliability or at much higher exposures.
For methylmercury, effects have been seen on the adult nervous system, on cardiovascular disease, on
cancer incidence and on genotoxicity. Also, effects have been reported on heart rate variability and blood
pressure in 7 year-old children exposed prenatally, and on cardiovascular mortdity in adults. For elemen-
tal mercury and inorganic mercury compounds, effects have been seen on: the excretion of low molecular
weight proteins; on enzymes associated with thyroid function; on spontaneous abortion rates, genotoxic-
ity; respiratory system; gastrointestinal (digestion) system; liver; immune system; and the skin.
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Dietary consider ations

61. Fish are an extremely important component of the human diet in many parts of the world and
provide nutrients (such as protein, omega-3 fatty acids and others) that are not easily replaced. Mercury is
amagjor threat to thisfood supply. Certainly, fish with low methylmercury levels are intrinsically more
hedlthful for consumers than fish with higher levels of methylmercury, if al other factors are equal.

62. Thereis limited |aboratory evidence suggesting that several dietary components might reduce
(e.g. selenium, vitamin E, omega-3 fatty acids) or enhance (e.g. acohol) mercury’s toxicity for some end-
points. However, conclusions cannot be drawn from these data at thistime.

CHAPTER 4- Current mercury exposure and risk evaluations for human health

63. As mentioned earlier, the general population is primarily exposed to methylmercury through the
diet (especidly fish) and to eemental mercury vapours due to dental amalgams. Depending on local mer-
cury pollution load, substantid additional contributions to the intake of total mercury can occur through

air and water. Also, persona use of skin-lightening creams and soaps, mercury use for religious, cultural
and ritualistic purposes, the presence of mercury in some traditional medicines (such as certain traditional
Asian remedies) and mercury in the home or working environment can result in substantial elevations of
human mercury exposure. For example, elevated air levels in homes have resulted from mercury spills
from some old gas meters and other types of spills. Also, elevated mercury levels in the working envi-
ronment have been reported for example in chlor-akai plants, mercury mines, thermometer factories,
refineries and dental clinics, as well asin mining and manufacturing of gold extracted with mercury.
Additiona exposures result from the use of Thimerosal/Thiomersal (ethylmercury thiosalicylate) asa
preservative in some vaccines and other pharmaceuticals. The relative impacts of mercury from local pol-
lution, accupationa exposure, certain cultural and ritudistic practices and some traditional medicines

may today vary considerably between countries and regions in the world, and are significant in some re-
gions.

64. The chapter gives examples of data on total mercury and methylmercury exposures primarily
from fish diets, but also other sourcesin different parts of the world, including Sweden, Finland, the
United States of America (USA), the Arctic, Japan, China, Indonesia, Papua New Guinea, Thailand, Re-
public of Korea, Philippines, the Amazonas and French Guyana. For example, in a study of arepresenta-
tive group of about 1700 women in the USA (aged 16-49 years) for years 1999-2000, about 8 percent of
the women had mercury concentrations in blood and hair exceeding the levels corresponding to the US
EPA’s reference dose (an estimate of a safe dose). As shown in the chapter, data indicate exposures are
generally higher in Greenland, Japan and some other areas as compared to the USA.

65. In some of these countries and areas, local and regional mercury depositions have affected the
mercury contamination levels over the years and countermeasures have been taken during the last decades
to reduce nationa emissions. Mercury emissions are, however, distributed over long distances in the at-
mosphere and oceans. This means that even countries with minima mercury emissions, and other areas
situated remotely from dense human activity, may be adversely affected. For example, high mercury ex-
posures have been observed in the Arctic far distances from any significant sources.

66. Data on mercury concentrations in fish have been submitted from a number of nations and inter-
national organisations. Additionally, many investigations of mercury levelsin fish are reported in the lit-
erature. Submitted data, giving examples of mercury concentrations in fish from various locationsin the
world, are summarised in the chapter. The mercury concentrations in various fish species are generaly
from about 0.05 to 1.4 milligrams of mercury per kilogram of fish tissue (mg/kg) depending on factors
such as pH and redox potentia of the water, and species, age and size of the fish. Since mercury biomag-
nifies in the aguatic food web, fish higher on the food chain (or of higher trophic level) tend to have
higher levels of mercury. Hence, large predatory fish, such as king mackera, pike, shark, swordfish,
walleye, barracuda, large tuna (as opposed to the small tuna usually used for canned tuna), scabbard and
marlin, as well as seals and toothed whales, contain the highest concentrations. The available data indi-
cate that mercury is present all over the globe (especidly in fish) in concentrations that adversely affect



Global Mercury Assessment — Summary of the report 6

human beings and wildlife. These levels have led to consumption advisories (for fish, and sometimes ma-
rine mammals) in a number of countries, warning people, especialy sensitive subgroups (such as preg-
nant women and young children), to limit or avoid consumption of certain types of fish from various wa-
terbodies. Moderate consumption of fish (with low mercury levels) is not likely to result in exposures of
concern. However, people who consume higher amounts of contaminated fish or marine mammals may
be highly exposed to mercury and are therefore at risk.

CHAPTER 5— Impacts of mercury on the environment
Build-up of mercury in food webs

67. A very important factor in the impacts of mercury to the environment is its ability to build up in
organisms and up along the food chain. Although al forms of mercury can accumulate to some degree,
methylmercury is absorbed and accumul ates to a greater extent than other forms. Inorganic mercury can
also be absorbed, but is generaly taken up at a dower rate and with lower efficiency than is methylmer-
cury. The biomagnification of methylmercury has a most significant influence on the impact on anmals
and humans. Fish appear to bind methylmercury strongly, nearly 100 percent of mercury that bioaccumu-
lates in predator fish is methylmercury. Most of the methylmercury in fish tissue is covalently bound to
protein sulfhydryl groups. This binding resultsin along haf-life for dimination (about two years). Asa
consequence, there is a selective enrichment of methylmercury (relative to inorganic mercury) as one
moves from one trophic level to the next higher trophic leve.

Bioaccumulation and biomagnification
Theterm bioaccumulation refersto the net accumulation over time of metals
within an organism from both bictic (other organisms) and abictic (sail, air, and
water) sources.

Theterm biomagnification refersto the progressive build up of some heavy met-
as (and some other persistent substances) by successive trophic levels — meaning
thet it relates to the concentration ratio in atissue of a predator organism as com-
pared to that in its prey (AMAP, 1998).

68. In contrast to other mercury compounds the elimination of methylmercury from fish is very ow.
Given steady environmental concentrations, mercury concentrations in individuas of a given fish species
tend to increase with age as a result of the dow elimination of methylmercury and increased intake dueto
changes in trophic position that often occur as fish grow to larger sizes (i.e., the increased fish-eating and
the consumption of larger prey items). Therefore, older fish typically have higher mercury concentrations
in the tissues than younger fish of the same species.

69. The mercury concentrations are lowest in the smaller, non-predatory fish and can increase many-
fold on the way up the food chain. Apart from the concentration in food, other factors affect the bioac-
cumulation of mercury. Of most importance are the rates of methylation and demethylation by mercury
methylating bacteria (e.g., sulphate reducers). When al of these factors are combined, the net methylation
rate can strongly influence the amount of methylmercury that is produced and available for accumulation
and retention by aguatic organisms. As described in chapter 2, severa parameters in the aquatic environ-
ment influence the methylation of mercury and thereby its biomagnification. While much is generdly
known about mercury bioaccumulation and biomagnification, the process is extremely complex and in-
volves complicated biogeochemica cycling and ecologicd interactions. As aresult, athough accumula-
tion/magnification can be observed, the extent of mercury biomagnification in fish is not easily predicted
across different sites.

70. At the top levels of the aquatic food web are fishreating species, such as humans, seabirds, seals
and otters. The larger wildlife species (such as eagles, seals) prey on fish that are also predators, such as
trout and salmon, whereas smaller fish-eating wildlife (such as kingfishers) tend to feed on the smaller
forage fish. In astudy of fur-bearing animals in Wisconsin, the species with the highest tissue levels of
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mercury were otter and mink, which are top mammalian predators in the aquatic food chain. Top avian
predators of aguatic food chains include raptors such as the osprey and bald eagle. Thus, mercury is
transferred and accumulated through several food web levels (US EPA, 1997). Aquatic food webs tend to
have more levels than terrestrial webs, where wildlife predators rarely feed on each other, and therefore
the aguatic biomagnification typicaly reaches higher values.

Mercury compoundstoxic to wildlife

71 Methylmercury is a central nervous system toxin, and the kidneys are the organs most vulnerable
to damage from inorganic mercury. Severe neurological effects were aready seen in animals in the noto-
rious case from Minamata, Japan, prior to the recognition of the human poisonings, where birds experi-
enced severe difficulty in flying, and exhibited other grosdy abnormal behaviour. Significant effects on
reproduction are a so attributed to mercury, and methylmercury poses a particular risk to the developing
fetus since it readily crosses the placental barrier and can damage the developing nervous system.

72. In birds, adverse effects of mercury on reproduction can occur at egg concentrations as low as
0.05 to 2.0 mg/kg (wet weight). Eggs of certain Canadian species are already in this range, and concentra-
tionsin the eggs of severa other Canadian species continue to increase and are approaching these levels.

73. The levels of mercury in Arctic ringed seals and beluga whales have increased by 2 to 4 times
over the last 25 years in some areas of the Canadian Arctic and Greenland. In warmer waters as well,
predatory marine mammals may also be at risk. In astudy of Hong Kong's population of hump-backed
dolphins, mercury was identified as a particular health hazard, more than other heavy metals.

Vulnerable ecosystems

74. Recent evidence suggests that mercury is responsible for a reduction of micro-biologica activity
vital to the terrestria food chain in soils over large parts of Europe — and potentialy in many other places
in the world with smilar soil characteristics. Preliminary critica limits to prevent ecological effects due
to mercury in organic soils have been set a 0.07-0.3 mg/kg for the total mercury content in soil.

75. On the global scale, the Arctic region has been in focus recently because of the long-range trans-
port of mercury. However, impacts from mercury are by no means restricted to the Arctic region of the
world. The same food web characteristics - and a similar dependence on a mercury contaminated food
source - are found in specific ecosystems and human communities in many countries of the world, par-
ticularly in places where afish diet is predominant.

76. Rising water levels associated with global climate change may aso have implications for the me-
thylation of mercury and its accumulation in fish. For example, there are indications of increased forma-
tion of methylmercury in smal, warm lakes and in many newly flooded areas.

CHAPTER 6 — Sourcesand cycling of mercury to the global environment
T7. The releases of mercury to the biosphere can be grouped in four categories:

Natural sources - releases due to natural mobilisation of naturaly occurring mercury from the
Earth's crust, such as volcanic activity and weathering of rocks;

Current anthropogenic (associated with human activity) releases from the mobilisation of mer-
cury impuritiesin raw materials such asfossil fuels — particularly coal, and to a lesser extent gas
and oil — and other extracted, treated and recycled minerals,

Current anthropogenic releases resulting from mercury used intentiondly in products and proc-
esses, due to releases during manufacturing, leaks, disposal or incineration of spent products or
other releases,

Re-mobilisation of historic anthropogenic mercury releases previoudy deposited in soils, sed-
ments, water bodies, landfills and wasteftailings piles.
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78. The figure below shows these rel ease categories with main types of possible control mechanisms.
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79. The recipients of mercury releases to the environment include the atmosphere, water environ-
ments (aquatic) and soil environments (terrestria). There are continuing interactions — fluxes of mercury
— between these compartments. The speciation — the chemical form — of the released mercury varies de-
pending on the source types and other factors. This also influences the impacts on human health and envi-
ronment as different mercury species have different toxicity.

80. Given the understanding of the globa mercury cycle, current releases add to the globa pool of
mercury in the biosphere — mercury that is continuously mobilised, deposited on land and water surfaces,
and re-mobilised. Being an element, mercury is persistent — it cannot be broken down to less toxic sub-
stances in the environment. The only long-term sinks for removal of mercury from the biosphere are
deep-sea sediments and, to a certain extent, controlled landfills, in cases where the mercury is physio-
chemically immobilised and remains undisturbed by anthropogenic or natura activity (climatic and geo-
logical). This also implies that even as the anthropogenic rel eases of mercury are gradually eiminated,
decreases in some mercury concentrations — and related environmental improvements — will occur only
dowly, most likely over severa decades or longer. However, improvements may occur more quickly in
specific locations or regions that are largely impacted by local or regional sources.

L ocal releases— global effects

81 The origins of atmospheric mercury deposition (flow of mercury from air to land and oceans) are
local and regional as well as hemispherical or global. Several large studies have supported the conclusion
that, in addition to loca sources (such as chlor-akai production, coad combustion and waste incineration
facilities), the general background concentration of mercury in the global atmosphere contributes signifi-
cantly to the mercury burden a most locations. Similarly, virtualy any loca source contributes to the
background concentration — the globa mercury pool in the biosphere - much of which represents anthro-
pogenic releases accumulated over the decades. Also, the ocean currents are media for long-range mer-
cury transport, and the oceans are important dynamic sinks of mercury in the global cycle.

82. The majority of atmospheric anthropogenic emissions are released as gaseous elemental mercury.
Thisis capable of being transported over very long distances with the air masses. The remaining part of
air emissions are in the form of gaseous divalent compounds (such as HgCl,) or bound to particles present
in the emission gas. These species have a shorter atmospheric lifetime than elemental vapour and will de-
posit viawet or dry processes within roughly 100 to 1000 kilometers. However, significant conversion
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between mercury species may occur during atmospheric transport, which will affect the transport dis-
tance.

83. The atmospheric residence time of elemental mercury isin the range of months to roughly one
year. This makes transport on a hemispherical scae possible and emissionsin any continent can thus con-
tribute to the deposition in other continents. For example, based on modelling of the intercontinental mer-
cury transport performed by EMEP/M SC-E (Travnikov and Ryaboshapko, 2002), up to 50 percent of an+
thropogenic mercury deposited to North Americais from externa sources. Similarly, contributions of
external sources to anthropogenic mercury depositions to Europe and Asiawere estimated to be about 20
percent and 15 percent, respectively.

&4. Furthermore, as mentioned, mercury is also capable of re-emissions from water and soil surfaces.
This process greatly enhances the overall residence time of mercury in the environment. Recent findings
by Lindberg et al. (2001) indicate re-emission rates of approximately 20 percent over a two-year period,
based on stable mercury isotope measurements in north-western Ontario, Canada.

Anthropogenic sour ces of mercury releases

85. A large portion of the mercury present in the atmosphere today is the result of many years of re-
leases due to anthropogenic activities. The natural component of the total atmospheric burden is difficult
to estimate, athough a recent study (Munthe et al., 2001) has suggested that anthropogenic activities have
increased the overall levels of mercury in the atmosphere by roughly afactor of 3.

86. While there are some natural emissions of mercury from the earth’s crust, anthropogenic sources
are the mgjor contributors to releases of mercury to the atmosphere, water and soil.

Examples of important sour ces of anthropogenic releases of mercury
Releases from mobilisation of mercury impurities:
Cod-fired power and heet production (largest single source to atmaospheric emissons)
Energy production from other fossil carbon fuels
Cement production (mercury inlime)
Mining and other metalurgic activitiesinvolving the extraction and processing of virgin
and recyded minerd materias, for example production of:
iron and sted
ferromanganese
zinc
gold
other non-ferrous metals
Reeasesfrom intentional extraction and use of mercury:

Mercury mining

Smdl-scde gold and Slver mining (ama gametion process)

Chlor-akali production

Use of fluorescent lamps, various instruments and dentd amagam fillings.
Manufacturing of products containing mercury, for example:

- thermometers

- manometers and other ingtruments

- ectrical and dectronic switches

Redeasesfrom wastetreatment, cremation etc. (originating from both impurities
and intentional uses of mercury):

Weadte incineration (municipa, medica and hazardous wastes)
Landfills

Cremédtion

Cemeteries (rlease to sail)




Global Mercury Assessment — Summary of the report 10

87. There are significant uncertainties in the available release inventories, not only by source, but also
by country. The best available estimates of mercury emissions to air from various significant sources are
shown in the table below.

Table Estimates of global atmospheric releases of mercury from a number of major anthropogenic
sources in 1995 (metric tons/year). Releases to other media are not accounted for here. *1.

Sationar Non-ferrous Pigiron Cement Wagte Artisanal Sum.,
Continent Ay meta! and sted _ disposal golld quantified
combustion production odudi production o mining sources
+5 production *4 *3

Europe 186 15 10 26 12 250
Africa 197 79 05 52 210
Asa 860 87 12 82 33 1070
North America 105 25 46 13 66 210
South America 27 25 14 55 60
Austrdiaand
Ocemnia 100 44 0.3 0.8 0.1 100
Sum, quantified 1900
sources, 1995 *3,4 1470 170 30 130 110 300 +300
Based on Pirrone et Pirrone et Pirrone et Pirrone et Pirrone et Lacerda
references. al. (2001) al. (2001) al. (2001) al.(2001) | al.(2001) (1997)

1 Notethat releasesto agquatic and terrestrial environments - aswell as atmospheric releases from anumber of

other sources - are not included in the table, because no recent global estimates have been made. See chepter 6

for description of thisissue.

Consdered underestimated by authors of the inventory, see notesto table 6.10.

3 Representstotd of the sources mentioned in thistable, not al known sources. Sums are rounded and may there-
fore not sum up precisely.

4 Edimated emissionsfrom artisand gold mining refer to late 1980's/early 1990's Situation. A newer reference
(MM SD, 2002) indicates that mercury consumption for artisana gold mining - and thereby most likely also mer-
cury releases - may be even higher than presented here.

5 Production of non-ferrous metals rdleasing mercury, induding mercury, zinc, gold, lead, copper, nicke.

N

88. The emissions from stationary combustion of fossi| fuels (especially coa) and incineration of
waste materials accounts for approximately 70 percent of the total quantified atmospheric emissions from
magjor anthropogenic sources. As combustion of fossil fuelsisincreasing in order to meet the growing
energy demands of both developing and developed nations, mercury emissions can be expected to in-
crease accordingly in the absence of the deployment of control technologies or the use of dternative en-
ergy sources. Control technologies have been developed for coa combustion plants and waste incinera-
tors with the primary intention of addressing acidifying substances (especialy SO, and NOx), and
particulate matter (PM). Such exigting technologies may provide some level of mercury control, but when
viewed at the global level, currently these controls result in only a small reduction of mercury from these
sources. Many control technologies are significantly less effective at reducing emissions of elemental
mercury compared to other forms. Optimised technologies for mercury control are being devel oped and
demonstrated, but are not yet commercialy deployed.

89. Available global estimates of atmospheric emissions from waste incineration, as well as other
releases originating from intentional uses of mercury in processes and products, are deemed underesti-
mated, and to some degree incomplete. However, recorded virgin mercury production has been decreas-
ing from about 6000 to about 2000 metric tons per year during the last two decades, and consequently,
related releases from mining and usage of mercury may aso be declining.
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Q. Anthropogenic emissions from a number of major sources have decreased during the last decade
in North America and Europe due to reduction efforts. Also, total anthropogenic emissionsto air have
been declining in some developed countries in the last decade. For example, Canadian emissions were
reduced from about 33 metric tonsto 6 metric tons between 1990 and 2000.

Natural sources of mercury releases

oL Natural sources include volcanoes, evaporation from soil and water surfaces, degradation of min-
erals and forest fires. The natura mercury emissions are beyond our control, and must be considered part
of our locd and globa living environment. It is necessary to keep this source in mind, however, as it does
contribute to the environmental mercury levels. In some areas of the world, the mercury concentrations
in the Earth's crust are naturally elevated, and contribute to elevated local and regiona mercury concen-
trations in those aress.

22. Today’ s emissions of mercury from soil and water surfaces are composed of both natural sources
and re-emission of previous deposition of mercury from both anthropogenic and natural sources. This
makes it very difficult to determine the actual natural mercury emissions.

3. Published estimates of natural versus anthropogenic mercury emissions show significant varia-
tion, although more recent efforts have emphasized the importance of human contributions. Attempts to
directly measure natural emissions are ongoing. Nonetheless, available information indicates that natural
sources account for less than 50 percent of the total releases.

A. On average around the globe, there are indications that anthropogenic emissions of mercury have
resulted in deposition rates today that are 1.5 to 3 times higher than those during pre-industrid times. In
and around industrial areas the deposition rates have increased by 2 to 10 times during the last 200 years.

Contributions from intentional uses versusimpuritiesin high volume materials

95, Regarding anthropogenic releases, the relative importance of intentiona uses versus mobilisation
of mercury impurities varies between countries and regions, particularly depending on:

State of substitution of intentional uses (products and processes);

Reliance on fossi| fuels for energy production, particularly coal, and the presence of controls for
other pollutants, which also reduce mercury emissions,

Extent of mining and minerd extraction industry;

Waste disposal pattern — incinerationv/landfilling;

State of implementation of release control technologiesin power production, waste incineration
and various industrial processes.

96. For a number of countries, estimated contributions of intentional uses vary between 10 and 80
percent of the total domestic emissions to air, depending on the influence of the factors listed above.
Rough estimates of distribution by main anthropogenic source typesin each of these countries are shown
in the chapter.

97. Asan illustration, the figure below shows the overdl turnover of mercury in the Danish society in
1992/93 in kilograms mercury/year (based on Maag et al., 1996). (Note that inputs and outputs in the fig-
ure do not balance because outputs reflect higher inputs from previous years. Net change in stocks was
negative.)
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9. Denmark is a quite smal country with relatively accurate monitoring of the flows of products and
waste in the economy and the environment. Therefore, it has been possible to perform rather detailed bal-
ances, so-called substance flow assessments for mercury, which provide useful information on the contri-
butions from different sectors to the total mercury burden in society and the environment. As shown in
the figure, the mgority of the input — more than two thirds — originated from intentional uses (chlor-akai
production and products), and the contributions from intentional uses to releases to air in 1992/93 could
roughly be estimated at 50-80 percent of the total releases to air from Denmark. It should be noted that
primary mineral extraction and processing is not as large a sector in Denmark, as in many other countries.

9. Examples of nationa distributions of anthropogenic mercury releases from different individual
source types are given in the chapter. In countries where mercury mining or intentional use of mercury for
amadl-scae gold mining is taking place, these sources can be significant.

CHAPTER 7 - Current production and use of mercury

Origin of mercury

100.  Mercury isanatural component of the earth, with an average abundance of approximately

0.05 mg/kg in the earth’s crust, with significant local variations. Mercury ores that are mined generdly
contain about one percent mercury, athough the strata mined in Spain typicaly contain up to 12-14 per-
cent mercury. While about 25 principa mercury minerals are known, virtualy the only deposits that have
been harvested for the extraction of mercury are cinnabar. Mercury is aso present at very low levels
throughout the biosphere. Its absorption by plants may account for the presence of mercury within fossl
fuelslike codl, oil, and gas, since these fuels are conventionaly thought to be formed from geologic trans-
formation of organic residues.

Sour ces of mercury to the market

101.  The mercury available on the world market is supplied from a number of different sources, in-
cluding (not listed in order of importance):
Mine production of primary mercury (meaning extracted from ores within the earth’s crust):
- ether asthe main product of the mining activity,
- or as by-product of mining or refining of other metas (such as zinc, gold, silver) or mineras;
Recovered primary mercury from refining of natura gas (actually a by-product, when marketed,
however, is not marketed in al 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-akai and other industries), some of which may
later be returned to the market.

102.  The mining and other mineral extraction of primary mercury congtitute the human mobilisation of
mercury for intentional use in products and processes. Recycled mercury and mercury from stocks can be
regarded as an anthropogenic re-mobilisation of mercury previoudy extracted from the Earth.

Continued mining of primary mercury

103. Despite adeclinein globa mercury consumption (global demand is less than half of 1980 levels),
supply from competing sources and low prices, production of mercury from mining is till occurring in a
number of countries. Spain, China, Kyrgyzstan and Algeria have dominated this activity in recent years,
and severa of the mines are state-owned. The table below gives information on recorded globa primary
production of mercury since 1981. There are also reports of small-scale, artisana mining of mercury in
China, Russia (Siberia), Outer Mongolia, Peru, and Mexico. It islikely that this production serves robust
local demand for mercury, often for artisanal mining of gold — whether legal or illegal. Such mercury
production would require both accessible mercury ores and low-cost labor in order for it to occur despite
low-priced mercury available in the global commodity market.

Period 1981-1985 | 1986-1989 | 1990-1995 1996 1997 1998 1999 2000

Recorded annual,
global primary produc- | 5500-7100 | 4900-6700 | 3300-6100 | 2600-2800 | 2500-2900 | 2000-2800 | 2100-2200 | 1800
tion (in metric tons)

Sources. See section 7.2.1.

Large supplies of recycled mercury may be marketed

104.  Large quantities of mercury have come onto the market as a result of ongoing substitution and
closing of mercury-based chlor-akai production in Europe and other regions. Market analysis indicates
that 700 - 900 metric tons per year of recycled mercury (corresponding to about 30 percent of the re-
corded primary production) has been marketed globally since the mid-1990's, of which the mgority
originated from chlor-akali production facilities. However, to the extent there remains a legitimate de-
mand for mercury, the re-use and recycling of mercury replaces the mining and smelting of virgin mer-
cury, which would involve additional releases and would result in mobilising new mercury into the mar-
ket and the environment.

105.  The preference for reuse and recycling of mercury over mining - especialy in the context of large
mercury inventories coming onto the market - is complicated by the generally accepted economic rule

that an excess supply of mercury drives the market price lower, which in turn encourages additional use
or waste of mercury. For this reason, certain precautions are being taken, as described below.

106.  Within the current decade and beyond, vast supplies of mercury will become available from con-
version or shutdown of chlor-alkali facilities using the mercury process, as many European countries
press for a phase-out of this process before 2010. From the European Union alone, this may introduce up
to 13,000 metric tons of additional mercury to the market (equal to some 6-12 years of primary mercury
production). In response to this potentia glut of mercury, Euro Chlor, which represents the European
chlor-akai industry, has signed a contractual agreement with Mifias de Almadén in Spain. The agree-
ment provides that Mifias de Almadén will buy the surplus mercury from the West-European chlor-akai
plants and put it on the market in place of mercury Almadén would otherwise have mined. All EU mem-
bers of Euro Chlor have agreed to sell their surplus mercury to Almadén according to this agreement, and
Euro Chlor believes most of the central and eastern European chlorine producers will also commit to this
agreement. While this agreement clearly represents an effort by al parties to responsibly address the
problem of surplus mercury, some people have the view that there are not yet adequate controls on where
this mercury would be sold or how it would be used.
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107.  Similarly, large reserve stocks of mercury held by various governments have become superflu-
ous, and are subject to future sales on the world market if approved by the relevant nationa authorities.
Thisisthe casein the USA, for example, which holds a 4,435 metric ton inventory of mercury. The sde
of this mercury has been suspended since 1994, awaiting a determination of its potentia environmental
and market impacts. Prior to that, however, the sae of some of these stocks contributed significantly to
the supply of mercury on the domestic US market, and to exports as well. US government sales were
equivalent to 18 to 97 percent of the domestic US demand for mercury in the years 1990-94 (US EPA,
1997; Maxson and VVonkeman, 1996).

Uses of mercury

108.  The dement mercury has been known for thousands of years, fascinating as the only liquid meta,
and applied in alarge number of products and processes utilising its unique characteristics. Being liquid

at room temperature, being a good eectrical conductor, having very high density and high surface ten-
sion, expanding/contracting uniformly over its entire liquid range in response to changes in pressure and
temperature, and being toxic to micro-organisms (including pathogenic organisms) and other pests, mer-
cury is an excellent material for many purposes.

109.  Inthe past, anumber of organic mercury compounds were used quite broadly, for examplein
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 com-
pounds 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
impacts on health and the environment has been rising, the number of applications (for inorganic and or-
ganic 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.

Examples of usesof mercury

Asthe meta (among others):
for extraction of gold and silver (for centuries)
asacatayst for chlor-akali production
in manometers for measuring and controlling pressure
in thermometers
in dectricd and dectronic switches
in fluorescent lamps
in dentd andgam fillings

As chemica compounds (among others):
in betteries (as adioxide)
biocidesin paper industry, paints and on seed grain
as antiseptics in pharmaceuticas
|aboratory anayses reactants
catalysts
pigments and dyes (may be hitorical)
detergents (may be historical)
explosives (may be historical)

110.  However, many of the uses discontinued in the OECD countries are dill dive in other parts of the
world. Severa of these uses have been prohibited or severely restricted in a number of countries because
of their adverse impacts on humans and the environment.
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111.  Furthermore, while there is a general understanding of mercury production and use around the
world, it is crucia to gain an even better understanding of globa mercury markets and flows in order to
assess demand, to design gppropriate pollution prevention and reduction measures, and to monitor pro-
gress towards specific objectives.

CHAPTER 8- Prevention and control technologies and practises

112.  Asnoted in chapter 6, the sources of releases of mercury to the biosphere can be grouped in four
major categories. Two of these categories (releases due to natural mobilisation of mercury and re-
mobilisation of anthropogenic mercury previoudy deposited in soils, sediments and water bodies) are not
well understood and largely beyond human control.

113.  The other two are current anthropogenic mercury releases. Reducing or eliminating these releases
may require:

Investments in controlling releases from and subgtituting the use of mercury-contaminated raw
materials and feedstocks, the main source of mercury releases from “unintentional” uses; and

Reducing or eliminating the use of mercury in products and processes, the main source of re-
leases caused by the “intentional” use of mercury.

114.  The specific methods for controlling mercury releases from these sources vary widdly, depending
upon local circumstances, but fall generdly under the following four groups:

A. Reducing mercury mining and consumption of raw materials and products that generate mer-
cury releases;

B. Subdtitution (or elimination) of products, processes and practices containing or using mercury
with non-mercury aternatives,

C. Controlling mercury releases through end-of -pipe techniques;
D. Mercury waste management.

115.  Thefirst two of these are “preventive’ measures — preventing some uses or releases of mercury
from occurring at all. The latter two are “control” measures, which reduce (or delay) some releases from
reaching the environment. Within these very general groupings are alarge number of specific techniques
and strategies for reducing mercury releases and exposures. Whether or not they are applied in different
countries depends upon government and loca priorities, information and education about possible risks,
the lega framework, enforcement, implementation costs, perceived benefits and other factors.

A. Reducing consumption of raw materials and productsthat generate mercury releases

116.  Reducing consumption of raw materials and products that generate mercury releasesis a preven-
tive measure that is most often targeted at mercury containing products and processes, but may aso result
from improved efficiencies in the use of raw materials or in the use of fuels for power generation. This
group of measures could potentialy include the choice of an aternative raw material such as using natu-
ral gas for power generation instead of cod, or possibly by using a coa type with specia constituents
(such as more chlorine), because the mercury emissions from burning this type of coa might be easier to
control than other coa types.

117.  Another possible approach in some regions might be the use of coa with alower trace mercury
content (mercury concentrations appear to vary considerably in some regions depending on the origin of
the raw materials). However, there are some limitations and potential problems with this approach. For
example, asin the case of the utility preference for low-sulfur crude ail, it islikely that some utilities
might be willing to pay more for low-mercury coal, which effectively lowers the market value of al high-
mercury cod, which in turn might lead to higher consumption of high-mercury coa in regions where
utilities have less rigorous emission controls. Moreover, data collected recently in the US indicate that
coa suppliesin the US do not vary significantly in mercury content.
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118.  Nonetheless, such preventive measures aimed at reducing mercury emissions are generally cost-
effective, except in cases where an alternative raw materia is significantly more expensive or where other
problems limit this gpproach.

B. Substitution of productsand processes containing or using mercury

119.  Subgtitution of products and processes containing or using mercury with products and processes
without mercury may be one of the most powerful preventive measures for influencing the entire flow of
mercury through the economy and environment. It may substantially reduce mercury in households (and
reduce accidental releases, as from a broken thermometer), the environment, the waste stream, incinerator
emissions and landfills. Substitutions are mostly cost-effective, especiadly as they are demanded by alar-
ger and larger market. This group of measures would also include the conversion of afossil-fueled gen-
erating plant to a non-fossi| technology.

120. At the sametime, it would be a mistake to assume that substitution is aways a clear winner. For
example, in the case of energy-efficient fluorescent lamps, as long as there are no competitive substitutes
that do not contain mercury, it is generaly preferable from a product-life-cycle perspective to use a mer-
cury-containing energy-efficient lamp rather than to use a less efficient standard incandescent lamp cor-
taining no mercury, as aresult of current electricity production practises.

C. Controlling mercury emissions through end-of-pipe techniques

121.  Controlling mercury emissions through end-of -pipe techniques, such as exhaust gas filtering, may
be especidly appropriate to raw materials with trace mercury contamination, including fossl-fueled

power plants, cement production (in which the lime raw materia often contains trace mercury), the ex-
traction and processing of primary raw materials such as iron and steel, ferromanganese, zinc, gold and
other non-ferrous metals and the processing of secondary raw materials such asiron and steel scrap. Ex-
isting control technologies that reduce SO,, NO, and PM for coal-fired boilers and incinerators, while not
yet widely used in many countries, aso yield some level of mercury control. For coa-fired boilers, reduc-
tions range from 0 to 96 percent, depending on coa type, boiler design, and emission cantrol equipment.
On average, the lower the coa rank, the lower the mercury reductions; however, reductions may also vary
within a given coal rank. Technology for additional mercury control is under development and demon-
stration, but is not yet commercialy deployed. In the long run, control strategies that target multiple pol-
lutants, including SO,, NO,, PM and mercury, may be a cost-effective approach. However, end-of-pipe
control technologies, while mitigating the problem of atmospheric mercury pollution, sill result in mer-
cury wastes that are potential sources of future emissions and must be disposed of or reused in an envi-
ronmentally acceptable manner.

D. Mercury waste management

122,  Mercury wastes, including those residues recovered by end-of -pipe technologies, congtitute a
specia category of mercury releases, with the potential to affect populations far from the initia source of
the mercury. Mercury waste management, the fourth “control” measure mentioned above, may consist of
rendering inert the mercury content of waste, followed by controlled landfill, or it may not treat the waste
prior to landfill. In Sweden, the only acceptable disposal of mercury waste now consists of “fina stor-
age” of the treated waste deep underground, athough some technical aspects of this method are yet to be
finalised.

123. Mercury waste management has become more complex as more mercury is collected from a
greater variety of sources, including gas filtering products, dudges from the chlor-akai industry, ashes,
dags, and inert mineral residues, as well as used fluorescent tubes, batteries and other products that are
often not recycled. Low concentrations of mercury in waste are generally permitted in normal landfills,
while some nations only alow waste with higher mercury concentrations to be deposited in landfills that
are designed with enhanced release control technologies to limit mercury leaching and evaporation. The
cost of acceptable disposal of mercury waste in some countries is such that many producers now investi-
gate whether aternatives exist in which they would not have to produce and deal with mercury waste.
Mercury waste management, asit is most commonly done today, in accordance with national and local
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regulations, increasingly requires long-term oversight and investment. Proper management of mercury
wastes is important to reduce releases to the environment, such as those that occur due to spills (i.e. from
broken thermometers and manometers) or releases that occur over time due to leakage from certain uses
(e.g., auto switches, dental amalgams). In addition, given that there is a market demand for mercury, cal-
lection of mercury-containing products for recycling limits the need for new mercury mining.

Emission prevention and control measures

124. A well thought-out combination of emission prevention and control measures is an effective way
to achieve optimal reduction of mercury releases. If one considers some of the more important sources of
anthropogenic mercury releases, one may see how prevention and control measures might be combined
and applied to these sources:

Mercury emissions from municipal and medical waste incinerators may be reduced by separating
the small fraction of mercury containing waste before it is combusted. For example, inthe USA, free
household mercury waste collections have been very successful in turning up significant quantities of
mercury-containing products and even jars of elemental mercury. Also, separation programmes have
proved successful in the hospital sector and a number of hospitals have pledged to avoid purchasing
mercury-containing products through joint industry-NGO-Government programmes. However, sepa-
ration programmes are sometimes difficult or costly to implement widely, especialy when dedling
with the general public. In such cases a better long-term solution may be to strongly encourage the
substitution of non-mercury products for those containing mercury. As a medium term solution,
separation programmes may be pursued, and mercury removed from the combustion stack gases.
Mercury emissions from medical and municipal waste incineration can be controlled relatively well

by addition of a carbon sorbent to existing PM and SO, control equipment, however, contral is not
100% effective and mercury-containing wastes are generated from the process,

Mercury emissions from utility and non-utility boilers, especialy those burning coa, may be effec-
tively addressed through pre-combustion coa cleaning, reducing the quantities of coal consumed
through increased energy efficiency, end-of -pipe measures such as stack gas cleaning and/or switch-
ing to non-cod fuel sources, if possible. Another potential approach might be the use of coa with a
lower mercury content. Coal cleaning and other pre-treatment options can certainly be used for re-
ducing mercury emissions when they are viable and cost-effective. Also, additiona mercury capture
may be achieved by the introduction of a sorbent prior to existing SO, and PM control technologies.
These technologies are under devel opment and demonstration, but are not yet commercialy de-
ployed. Also, by-products of these processes are potential sources of future emissions and must be
disposed of or reused in an environmentally acceptable manner;

Mercury emissions dueto trace contamination of raw materials or feedstockssuch asin the ce-

ment, mining and metallurgica industries may be reduced by end-of -pipe controls, and sometimes by
selecting araw material or feedstock with lower trace contamination, if possible.

Mercury emissions during scrap steel production, scrap yards, shredders and secondary stedl pro-
duction, result primarily from convenience light and anti-lock brake system (ABS) switches in motor
vehicles; therefore a solution may include effective switch removal/collection programmes;

Mercury releases and health hazards from artisanal gold mining activities may be reduced by edu-
cating the miners and their families about hazards, by promoting certain techniques that are safer and
that use less or no mercury and, where feasible, by putting in place facilities where the miners can
take concentrated ores for the final refining process. Some countries have tried banning the use of
mercury by artisanal miners, which may serve to encourage their use of central processing facilities,
for example, but enforcement of such a ban can be difficult;

Mercury releases and occupational exposures during chlor-alkali production may be substantialy
reduced through strict mercury accounting procedures, “good housekeeping” measures to keep mer-
cury from being dispersed, properly filtering exhaust air from the facility and careful handling and
proper disposal of mercury wastes. There are a number of specific prevention methods to reduce
mercury emissions to the atmosphere. The US chlor-akdi industry invented the use of ultraviolet
lights to reveal mercury vapour leaks from production equipment, so that they could be plugged.



Global Mercury Assessment — Summary of the report 18

Equipment is alowed to cool before it is opened, reducing mercury emissions to the atmosphere. A
continuous mercury vapour anayser can be employed to detect mercury vapour leaks and to aert
workers so that they can take remedial measures. The generally accepted long-term solution is to en-
courage the orderly phase-out of chlor-alkai production pracesses that require mercury, and their
substitution with technologies that are mercury free;

Mercury releases and exposures related to mercury-containing paints, soaps, various switch appli-
cations, thermostats, thermometer s, manometers, and bar ometer s, aswell ascontact lens solu-
tions, pharmaceuticals and cosmetics may be reduced by substituting these products with non-
mercury products;

Mercury releases from dental practices may be reduced by preparing mercury amagams more effi-
ciently, by substituting other materials for mercury amalgams, and by ingtdling appropriate trapsin

the wastewater system;

Mercury emissions from dental amagams during cremation may only be reduced by removing the
ama gams before cremation, which is not a common practice, or by filtering the gaseous emissions
when the practice takes place in a crematorium. Since aflue gas cleaner is an expensive control tech-
nique for a crematorium, prevention by subgtituting other materials for mercury amalgams during
normal dental care might be a preferred approach;

In cases of uncontrolled disposal of mercury-containing products or wastes, possble reductions
in rleases from such practises might be obtained by making these practicesillega and adequately en-
forcing the law, by enhancing access to hazardous waste facilities, and, over the longer term, by re-
ducing the quantities of mercury involved through a range of measures encouraging the substitution

of non-mercury products and processes.

CHAPTER 9- Initiativesfor controlling releases and limiting use and exposures

National initiatives

125.  The environmental authorities in a number of countries consider mercury to be a high-priority
substance with recognised adverse effects. They are aware of the potential prablems caused by use and
release of mercury and mercury compounds, and therefore have implemented measures to limit or prevent
certain uses and releases. Types of measures that have been implemented by various countries include:

Environmental quality standards, specifying a maximum acceptable mercury concentration for differ-
ent media such as drinking water, surface waters, air and soil and for foodstuffs such as fish;

Environmental source actions and regulations that control mercury releases into the environment, in-
cluding emission limits on air and water point sources and promoting use of best available technolo-
gies and waste treatment and disposal restrictions;

Product control actions and regulations for mercury-containing products, such as batteries, cosmetics,
dental amalgams, electrica switches, laboratory chemicals, lighting, paints/pigments, pesticides,
pharmaceuticals, thermometers and measuring equipment;

Other standards, actions and programmes, such as regulations on exposures to mercury in the work-
place, requirements for information and reporting on use and releases of mercury in industry, fish
consumption advisories and consumer safety measures.

126.  Although legidation is the key components of most nationd initiatives, safe management of mer-
cury aso includes efforts to reduce the volume of mercury in use by developing and introducing safer
aternatives and cleaner technology, the use of subsidies to support substitution efforts and voluntary
agreements with industry or users of mercury. A number of countries have through implementation of
this range of measures obtained significant reductions in mercury consumption, and corresponding reduc-
tions of uses and releases.

127.  Thetable below gives a general overview of some of the types of implemented measures of im-
portance to management and control of mercury, as related to its production and use life-cycle and an in-
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dcation of their status of implementation, based on information submitted for this report. More detailed
descriptions of most of these measures are provided in chapter 9 and the separate Appendix to this report.

TYPE AND AIM OF MEASURE " STATE OF IMPLEMENTATION

Production and use phases of lifecycle

P | Prevent or limit the intentional use of mercury in processes Gener_al bens implemented in very few
0 countries
I | Prevent or limit mercury fromindustria processes (such as chlor-akali and Implemented in many countries, espe
N | metdlurgic industry) from being released directly to the environment cidly OECD countries
T | Apply emission control technologiesto limit emissions of mercury from . .
combustion of fossl fudsand processing of minerd materids Imp edin OECD countries
S —
o Prevent or limit the release of mercury from processesto the wastewater Implemented in some OECD courtries
U trestment system
R
c | Prevent or limit use of obsolete technology and/or require use of best avail- Implemented in Some countries, espe-
g | abletechnology to reduce or prevent mercury releases cidly OECD countries
S
Generd bansimplemented in afew
;evmt or limit products containing mercury from being marketed nation- Z?T:t;?dt?:gaszsmgwggfga?e
p Y such as batteries lighting, dinicd
R thermometers
O | Prevent products containing mercury from being eqorted Only implemented in afew countries
D —
U Preve_nt_or limit the use of aready purchased mercury and mercury- Only implemerted in afew countries
c containing products
T Lmﬂthedlwableconterﬂ of mercury present asimpuritiesin high- Only impl odin afew countries
s | volume meterids
Limit the allowed contents of mercury in commercid foodstuffs, particu- Implemented in some countries, espe-
larly fish, and provide guidance (based on same or other limits values) re- cialy OECD countries. WHO guide-
garding consumption of contaminated fish lines used by some countries.

Disposal phase of lifecycle

Prevent mercury in products and process waste from being rdeased directly to
the environment, by efficient waste collection

Implemented in many countries, espe-
cialy OECD countries

Prevent mercury in products and process waste from being mixed with less haz-
ardous wagte in the generd waste stream, by separate collection and trestment

Implemented in many countries, espe-
cidly OECD countries

Prevent or limit mercury releases to the environment from incineration and other
treatment of household waste, hazardous waste and medica waste by emission
control technologies

Implemented or implementation ongo-
ing in some countries, especialy
OECD countries.

Set limit values for alowable mercury contents in sewage dudge spreaed on e
ricultura land

Implemented in anumber of countries

Restrict the use of solid incineration residuesin road building, construction and
other applications

Implemented in some OECD countries

Prevent the re-marketing of used, recycled mercury

Only implemented in afew countries

Regional and international initiatives

128.  Itisalso apparent that because of mercury’s persistence in the environment and the fact that it is

transported over long distances by air and water, crossing borders and often accumulating in the food
chain far fromit'sorigina point of release, a number of countries have concluded that national measures
are not sufficient. There are a number of examples where countries have initiated measures at regiond,
sub-regiond and internationa levels to identify common reduction goals and ensure coordinated imple-

mentation among countries in the target area.
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129.  Threeregiond, legaly binding instruments exist that contain binding commitments for parties
with regards to reductions on use and releases of mercury and mercury compounds:

- LRTAP Convention on Long-Range Transboundary Air Pollution and its 1998 Aarhus

Protocol on Heavy Metals (for Central and Eastern Europe and Canada and the USA);

- OSPAR Convention for Protection of the Marine Environment of the North-East Atlantic; and

- Hdsinki Convention on the Protection of the Marine Environment of the Baltic Sea.
All these three instruments have successfully contributed to substantial reductions in use and rel eases of
mercury within their target regions.

130. Theregiond and sub-regional cooperation is, however, not limited to legaly binding agreements.
Six initiatives exist at regiona or sub-regional levels that inspire and promote cooperative efforts to re-
duce uses and releases of mercury within the target area without setting legally binding obligations on the
countries/regions participating. The initiatives are: the Arctic Council Action Plan, the Canada-US Great
Lakes Binationa Toxics Strategy, the New England Governors/Eastern Canada Premiers Mercury Action
Plan, the North American Regiona Action Plan, the Nordic Environmental Action Programme and the
North Sea Conferences. Important aspects of these initiatives are the discussion and agreement on cor-
crete goals to be obtained through the cooperation, the development of strategies and work plans to obtain
the set goals and the establishment of a forum to monitor and discuss progress. Although these initiatives
are not binding on their participants, there is dften a strong political commitment to ensure that the
agreements reached within the initiative are implemented at nationa/regiona level.

131.  There are adso anumber of examples of national/regiond initiatives being taken by the private
sector in the form of voluntary commitments that can be seen as an adjunct to public sector initiatives and
as having a good chance of success as they have, by definition, the support of the primary stakeholders.
All these voluntary initiatives are valuable supplements to national regulatory measures and facilitate
awareness raising, information exchange and the setting of reduction goals that benefit the target region.

132.  Attheinternationa level, two multilateral environmental agreements (MEAS) exist that are of
relevance to mercury and mercury compounds. the Basal Convention on Control of Transboundary
Movements of Hazardous Wastes and their Disposal and the Rotterdam Convention on the Prior Informed
Consent Procedure for Certain Chemicals and Pesticides in International Trade. These instruments regu-
late trade in unwanted chemicals/pesticides or hazardous wastes. However, they do not contain specific
commitments to reduce uses and releases of mercury directly. The most recently negotiated agreement
relevant to chemicals, the Stockholm Convention on POPs, does not cover mercury. In addition, a num-
ber of international organizations have ongoing activities addressing the adverse impacts of mercury on
humans and the environment.

133. A more detailed compilation of nationd initiatives, including legidation, in each individua coun-
try is contained in an appendix to this report, entitled “ Overview of existing and future national actions,
including legidation, relevant to mercury”. The Appendix is published in a separate document. Thein-
formation compiled therein has been extracted from the national submissions received from countries un-
der this project.

CHAPTER 10 — Data gaps

National research and information needs

134. A number of countries have in their submissions to UNEP expressed a need for establishing or
improving their national “database” (i.e. knowledge of and information on uses and emissions, sources of
releases, levels in the environment and prevention and control options) on mercury and mercury cam-
pounds. Although the situation varies from country to country, there seems to be a genera need for in-
formation relevant to the various elements of an environmental management strategy for mercury. Also,
countries with alonger tradition of environmental management of mercury have expressed the need to
continue to expand their knowledge base on mercury to improve risk assessment and ensure effective risk
management. Some of the needs include, among others:
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Inventories of national use, consumption and environmental releases of mercury;

Monitoring of current levels of mercury in various media (such as air, air deposition, surface wa-
ter) and biota (such as fish, wildlife and humans) and assessment of the impacts of mercury on
humans and ecosystems, including impacts from cumulative exposures to different mercury
forms;

Information on trangport, transformation, cycling, and fate of mercury in various compartments;
Data and evaluation tools for human and ecological risk assessments;

Knowledge and information on possible prevention and reduction measures relevant to the na-
tiond stuation;

Public awareness-raising on the potential adverse impacts of mercury and proper handling and
waste management practises,

Appropriate tools and facilities for accessing existing information relevant to mercury and mer-
cury compounds at national, regiona and internationa levels,

Capacity building and physicd infrastructure for safe management of hazardous substances, in-
cluding mercury and mercury compounds, as well as training of personnel handling such hazard-
ous substances.

Information on the commerce and trade of mercury and mercury-containing materials.

135.  Inprinciple, some parts of this information might be exchanged nationally, regionaly or interna-
tionally, asits relevance is often universal, however, it might need to be “translated” into the context of
the individual country’s framework of traditions, economic and industria activities and political redlity.
This, in itsalf, demands a substantial degree of priority, knowledge and funding. Other parts of the infor-
mation are country specific and would require nationa efforts to research, collect and process the infor-
mation.

Data gaps of a general, global character

136.  Although mercury is probably among the best-studied environmental toxicants, there are data
gaps in the basic understanding of a number of genera, globa issues relevant to mercury. Based on sub-
mitted information and the compilation and evauation hereof, a possible division of current data gaps of
global relevance on mercury could be as fdlows (not in order of priority):

Understanding and quantification of the natural mechanisms affecting the fate of mercury in
the environment, such as mobilisation, transformation, transports and intake. In other words, the
pathways of mercury in the environment, and from the environment to humans.

Understanding and quantification — in a global perspective — of the human conduct in relation
to mercury releases, and the resulting human contributions to the local, regiona and globa mer-
cury burden. In other words, the pathways of mercury from humans to the environment.

Understanding of how and to what degree humans, ecosystems and wildlife are adver sely af-
fected by the current mercury levels found in the loca, regiond and global environment. In
other words, the possible effects, number affected, and the magnitude and severeness in those &f -
fected.

137. A basic understanding has been established for al three categories mentioned above, based on
about half a century's extensive research on the impacts and pathways of mercury. However, in a number
of areas, further research is needed to provide new information to improve environmental modelling as-
sessments and modern decision-making tools. Despite these gaps in information, a sufficient understand-
ing has been developed of mercury (including knowledge of its fate and transport, heath and environ-
mental impacts, and the role of human activity) that international action to address the global adverse im-
pacts of mercury should not be delayed.
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CHAPTER 11 — Optionsfor addressing any significant global adver se impacts of mercury

138. The UNEP Governing Council requested, as part of the global assessment on mercury, an outline
of options for consideration by the Governing Council, addressing any significant global adverse impacts
of mercury, inter dia, by reducing and or eliminating the use, emissions, discharges and losses of mercury
and its compounds; improving international cooperation; and ways to enhance risk communicetion.

139.  Aspart of the implementation of Governing Council decision 21/5, UNEP established a Working
Group to assigt it in preparing for the Governing Council’ s discussions on the issue at its sesson in Feb-
ruary 2003. The Globa Mercury Assessment Working Group, &t its first meeting held from 9 to 13 Sep-
tember 2002, finalized this assessment report for presentation to the Governing Council at its 22nd ses-
son. At this meeting, the Working Group arrived at a number of conclusions of relevance to the Govern-
ing Council’s considerations:

Based on the key finding of this report, the Working Group concluded that, in its view, there was suf-
ficient evidence of significant global adverse impacts to warrant international action to reduce the
risks to human health and/or the environment arising from the release of mercury into the environ-
ment. While it was important to have a better understanding of the issue, the Working Group empha-
sized that it was not necessary to have full consensus or complete evidence in order to take action and
therefore potentially significant global adverse impacts should aso be addressed.

The Working Group aso agreed on an outline of options for recommendation on measures to address
globa adverse impacts of mercury at the global, regiona, national and local levels. The options in-
clude measures such as reducing or eiminating the production, consumption and releases of mercury,
subgtituting other products and processes, launching negotiations for alegally-binding treety, estab-
lishing a non-binding globa programme of action, and strengthening cooperation amongst govern-
ments on information-sharing, risk communication, assessment and related activities.

Finally, the Working Group agreed to the need to submit to the Governing Council arange of poss-
ble immediate actionsin light of their findings on the impacts of mercury, such asincreasing protec-
tion of sengitive populations (through enhanced outreach to pregnant women and women planning to
become pregnant), providing technical and financial support to developing countries and to countries
with economiesin transition, and supporting increased research, monitoring and data-collection on
the health and environmental aspects of mercury and on environmentally friendly aternatives to mer-

cury.



