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This pilot draft “Toolkit for identification and quantification of mercury releases ’represents the first
version of this publication, intended to assist countries to establish release inventories for mercury at a
national or regional level. It will be further developed and additional versions published, as appropri-
ate. Both this and future versions of this Toolkit will be available on the UNEP Chemicals mercury web
page at http://www.chem.unep.ch/mercury/.

Disclaimer:

This publication is intended to serve as a guide. The information contained in this report was taken from
the published scientific literature, from government reports as well as from the Internet and through per-
sonal communication. While the information provided is believed to be accurate, UNEP disclaims any
responsibility for possible inaccuracies or omissions and consequences that may flow from them. Nei-
ther UNEP nor any individual involved in the preparation of this publication shall be liable for any in-
jury, 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 material in this publication do not imply any expres-
sion of any opinion whatsoever on the part of the United Nations or UNEP concerning the legal status of
any country, territory, city or area or any of its authorities, or concerning any definition of frontiers or
boundaries. Any views expressed in the document do not necessarily reflect the views of UNEP.

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

The Inter-Organization Programme for the Sound Management of Chemicals (IOMC), was es-
tablished in 1995 by UNEP, ILO, FAO, WHO, UNIDO and OECD (Participating Organiza-
tions), following recommendations made by the 1992 UN Conference on Environment and De-
velopment to strengthen cooperation and increase coordination in the field of chemical safety. In
January 1998, UNITAR formally joined the IOMC as a Participating Organization. The purpose
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ing Organizations, jointly or separately, to achieve the sound management of chemicals in rela-
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but acknowledgement is requested together with a reference to the document.
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11-13, chemin des Anémones
CH-1219 Chatelaine, Geneva
Switzerland
Phone: +41 22 917 1234
Fax: +41 22 797 3460
E-mail: chemicals@unep.ch
Website : http://www.chem.unep.ch/mercury/

UNEP Chemicals is a part of UNEP’s Technology, Industry and Economics Division



Table of contents

Table of Contents

Executive summary

1.1
1.2

2.1
2.2
23
24

3.1
3.2

4.2
4.3

4.4

Introduction
Background
Context of this Toolkit

Mercury inventories and this Toolkit
Purpose of mercury inventories

Aims of this Toolkit

Limitations of this Toolkit

Further reading

Anthropogenic mercury release sources
Pathways of releases to the environment

Examples of mercury releases to different pathways

Steps in the creation of a mercury inventory

Introduction to the inventory concept

4.1.1 Life-cycle approach

Step 1: Screening matrix; identification of main source categories present
Step 2: Identification of sub-categories of sources present

4.3.1 Extraction and use of fuels/energy sources

43.2 Primary (virgin) metal production

433 Production of other minerals and materials with mercury impurities
434 Intentional use of mercury in industrial processes

4.3.5 Consumer products with intentional use of mercury

4.3.6 Other intentional products/process uses

4.3.7 Production of recycled metals ("secondary" metal production)
43.8 Waste incineration

439 Waste deposition/landfilling and waste water treatment

4.3.10 Crematoria and cemeteries

4.3.11 Identification of potential hot-spots

Step 3: Data gathering and quantification of mercury releases

4.4.1 Quantification principles

442 Use of activity rates

443 Choice of mercury input factors

4.4.4 Choice of output distribution factors

4.4.5 Gathering of data

4.4.6 Balancing inputs and outputs of mercury for control of quantifications

0 N N N &

11
12
14

16
16
17
20
21
21
22
24
24
25
26
27
28
29
30
30
32
32
35
37
38
39
42

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Table of contents

4.5

5.1

5.2

53

54

5.5

4.4.7

Examples of calculations of releases from various source types

Step 4: Presentation of the inventory

4.5.1
452
453
454

Key elements of the inventory
Standard outline

Spreadsheet for calculating releases
Suggestions for interim reporting

Detailed descriptions of sources of mercury releases and mercury input
and output factors

Extraction and use of fuels/energy sources

5.1.1
5.1.2
5.1.3
5.14
5.1.5
5.1.6
5.1.7

Coal combustion in large power plants
Other coal use

Mineral oils - extraction, refining and use
Natural gas - extraction, refining and use
Other fossil fuels - extraction and use
Biomass fired power and heat production

Geothermal power production

Primary (virgin) metal production

5.2.1
5.2.2
5.2.3
524
5.2.5
5.2.6

5.2.7
5.2.8
5.2.9

Mercury extraction and initial processing

Gold and silver extraction with mercury-amalgamation processes
Zinc extraction and initial processing

Copper extraction and initial processing

Lead extraction and initial processing

Gold extraction and initial processing by methods other than mercury
amalgamation

Aluminum extraction and initial processing
Other non-ferrous metals - extraction and processing

Primary ferrous metal production

Production of other minerals and materials with mercury impurities

5.3.1
5.3.2
533
534

Cement production
Pulp and paper production
Production of lime and light weight aggregates kilns

Others minerals and materials

Intentional use of mercury in industrial processes

54.1
542

543
54.4

Chlor-alkali production with mercury-technology

VCM (vinyl-chloride-monomer) production with mercury-dichloride
(HgCl,) as catalyst

Acetaldehyde production with mercury-sulphate (HgSO,) as catalyst

Other production of chemicals and polymers with mercury compounds as
catalysts

Consumer products with intentional use of mercury

5.5.1
552
5.5.3
554

Thermometers with mercury
Electrical switches and relays with mercury
Light sources with mercury

Batteries with mercury

42
53
53
54
54
55

56
58
58
65
70
77
82
83
86
88
88
90
95
107
114

119
123
125
126
130
130
136
139
142
143
143

153
155

155
157
157
164
173
180

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Table of contents

5.6

5.7

5.8

5.9

5.10

5.11

9.1
9.2

5.5.5 Biocides and pesticides

5.5.6 Paints

5.5.7 Pharmaceuticals for human and veterinary uses

5.5.8 Cosmetics and related products

Other intentional product/process uses

5.6.1 Dental mercury-amalgam fillings

5.6.2 Manometers and gauges

5.6.3 Laboratory chemicals and equipment

5.6.4 Mercury metal use in religious rituals and folklore medicine

5.6.5 Miscellaneous product uses, mercury metal uses, and other sources

Production of recycled metals ("secondary" metal production)
5.7.1 Production of recycled mercury ("secondary production’)
5.7.2 Production of recycled ferrous metals (iron and steel)
5.7.3 Production of other recycled metals

Waste incineration

5.8.1 Incineration of municipal/general waste

5.8.2 Incineration of hazardous waste

5.83 Incineration of medical waste

5.8.4 Sewage sludge incineration

5.8.5 Informal waste incineration

Waste deposition/landfilling and waste water treatment

5.9.1 Controlled landfills/deposits

5.9.2 Diffuse deposition under some control

5.9.3 Informal local disposal of industrial production waste
59.4 Informal dumping of general waste

5.9.5 Waste water system/treatment

Crematoria and cemeteries

5.10.1  Crematoria

5.10.2  Cemeteries

Potential hotspots

References

Glossary, acronyms and abbreviations

Technical annexes

Mercury concentrations in sphalerit in concentrates for zinc extraction

Annexes
Standardized presentation format

Draft spreadsheet for facilitating calculations of mercury releases

186
187
190
191
195
195
201
202
206
207
209
209
212
214
216
216
223
226
230
233
234
234
238
238
239
239
244
244
247
250

251

262

264
264

269
269
272

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Executive summary 1

Executive summary

1. The UNEP Governing Council concluded, at its 22™ session in February 2003, after consider-
ing the key findings of the Global Mercury Assessment report, that there is sufficient evidence of sig-
nificant global adverse impacts from mercury to warrant further international action to reduce the risks
to humans and wildlife from the release of mercury to the environment. The Governing Council de-
cided that national, regional and global actions should be initiated as soon as possible and urged all
countries to adopt goals and take actions, as appropriate, to identify populations at risk and to reduce
human-generated releases. This commitment to addressing the global adverse impacts of mercury pol-
lution was reinforced by Governments at the 23™ session of the Governing Council in February 2005.
The Governing Council also requested UNEP, in cooperation and consultation with other appropriate
organizations, to facilitate and conduct technical assistance and capacity building activities to support
the efforts of countries to take action regarding mercury pollution.

2. In response to the Governing Council’s request, UNEP has established a mercury programme
within UNEP Chemicals, with the immediate objective to encourage all countries to adopt goals and
take actions, as appropriate, to identify exposed populations, minimize exposures through outreach
efforts, and reduce anthropogenic mercury releases.

3. An important part of the programme is to develop training materials, guidance documents and
toolkits on a number of relevant topics that may be of use to Governments and others in their efforts to
evaluate and address mercury pollution. Governments will need to develop the knowledgebase neces-
sary for evaluating the risks posed by mercury and for taking appropriate action to reduce those risks.
This “Toolkit for identification and quantification of mercury releases” (Toolkit) is intended to assist
countries to build part of that knowledge base through the development of a mercury inventory that
identifies sources of mercury releases in their country and estimates or quantifies these releases.

4. Combined with additional knowledge of the specific release source types and available op-
tions for bringing about release reductions, the most cost-effective reduction measures can be identi-
fied for selection in the decision making process. Often, such inventories are also vital in the commu-
nication with stakeholders such as industry, trade and the public.

5. Furthermore, baseline inventories, and subsequent up-dates, can be used to monitor progress
towards pre-set goals, and thereby identify successful approaches which could serve as examples in
other areas, as well as areas where the applied measures do not prove adequate and further attention
and initiative is needed.

6. This Toolkit aims to assist countries that are developing their mercury inventory to estimate
releases of mercury, and also leads them through the process of how to enhance and refine these in-
ventories. The Toolkit’s goal is to guide the inventory makers within a country through the different
techniques and stages of developing the inventory, by providing a methodology, illustrative examples
and extensive information on mercury release sources. The Toolkit thus facilitates and reduces the
workload in the creation of national or regional mercury inventories.

7. The Toolkit is designed to produce a simple and standardized methodology and accompanying
database to enable assembly of consistent national and regional mercury inventories. It comprises a
UNEP-recommended procedure for the effective compilation of source and release inventories of mer-
cury. Comparable sets of mercury source release data will enhance international co-operation, discus-
sion, goal-definition and assistance. Comparable datasets also help to establish a global picture of the
scale of releases, as a step in prioritizing actions to control or reduce releases, and improves possibili-
ties for enlarging the international knowledge base on mercury uses and releases.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Executive summary 2

8. The methodology consists of a four-step procedure that will facilitate development of consis-
tent and comparable source inventories.

9. In the first step, a coarse screening matrix is used to identify the main mercury source catego-
ries present in a country. Also, any existing partial mercury inventories or descriptions of mercury
sources in the country (or region) should be identified and collected.

10. In the second step, these main source categories are further classified into sub-categories in
order to identify the individual activities that potentially release mercury. If only a qualitative identifi-
cation of source types present in the country or region in question is desired, step three (quantification)
can be omitted, and the qualitative findings can be reported as a commented list of main source cate-
gories and sub-categories identified in the country.

11. In the third step, a quantitative inventory is developed. At this step, it may be considered if a
full quantitative inventory should be created from the start, or as an initial step, an interim inventory is
desired to support of the prioritization of the further work and initiate communication with inventory
participants/reviewers. For a full quantitative inventory, activity volume data ("activity rates") and
process-specific information is gathered to be used to calculate estimated mercury releases from the
identified mercury release sources in the country (or region) in question. Releases are calculated via
the equation and procedures and source type data described in the Toolkit. However, given the uncer-
tainties and complexities involved, it is anticipated that many inventories may have only qualitative
emission or quantitative use information for some sources. This information may in some cases be
sufficient for identifying and initiating mercury reduction activities in a given country or region.

12. The fourth and final step is the compilation of the standardized mercury inventory using the
results generated in steps 1 through 3. A standardized presentation format is provided to ensure that all
known sources are considered (even if they cannot be quantified), data gaps are apparent and invento-
ries are comparable and transparent.

13. The final mercury inventory will show that all potential sources have been considered, even if
the activity does not exist or is insignificant in that country. For each source within a country there
will be an estimate of releases to all media where data are sufficient and an indication of likely magni-
tude if full data are unavailable. Major data gaps will be listed. Taken together, this process will help
in the interpretation of results and the prioritization of future actions.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 1 - Introduction 3

1 Introduction

1.1 Background
Release of mercury to the environment poses threats to humans and wildlife

14. The Global Mercury Assessment', completed in December 2002 by a UNEP working group,
shows that environmental mercury levels have increased considerably since the on-set of the industrial
age. Mercury is now present in various media and food, especially fish, all over the globe at levels that
adversely affect humans and wildlife. Widespread exposures are occurring due to human-generated
sources. Even regions with no significant mercury releases, such as the Arctic, are adversely affected
due to long-range transport of mercury.

15. Mercury is highly toxic, especially to the developing nervous system. Some populations are
especially susceptible, most notably the fetus and young children. Yet mercury continues to be used in
many products and processes all over the world, including in small-scale gold mining; manometers
and thermometers; electrical switches; fluorescent lamps; dental amalgams, batteries and VCM (vinyl-
chloride-monomer) production and some pharmaceuticals. The most significant mercury releases to
the environment are emissions to air, but mercury is also released from sources directly to water and
land. Important emissions sources include: coal-fired power generation, waste incineration, cement,
steel and chlor-alkali production, gold and other metals mining, cremation, landfills and other sources
such as secondary smelting operations and industrial inorganic chemical production.

16. Once released, mercury persists in the environment where it circulates between air, water,
soils and biota in various forms. Once deposited, the form can change (by microbes) to methylmer-
cury, a particularly hazardous form that concentrates up food chains, especially the aquatic food chain.
Most people are primarily exposed to methylmercury through the diet, especially fish, and to elemen-
tal mercury due to dental amalgams and occupations (such as small-scale mining). Other sources of
exposure include skin-lightening creams, mercury used for ritualistic purposes and in traditional medi-
cines, and mercury spills in the home.

17. Fish are a valuable, nutritious component of the human diet. Mercury is a major threat to this
important food supply. Elevated mercury levels have been measured in numerous fish species
throughout the world. The highest levels are found in large predatory fish. Humans who consume sig-
nificant amounts of contaminated fish may be at risk. Also, wildlife that rely on fish as a large part of
their diet, such as otters, eagles, seals and some whales, often have elevated mercury levels.

18. For more detailed information on chemistry, toxicology, exposures and risk evaluations for
humans, impacts on the environment, cycling in the global environment and possible prevention and
control technologies for controlling releases and limiting use and exposure to mercury, see the Global
Mercury Assessment report (UNEP, 2000).

Environment leaders call for action to address global mercury pollution

19. The UNEP Governing Council concluded, at its session in February 2003, after considering
the key findings of the Global Mercury Assessment report, that there is sufficient evidence of signifi-
cant global adverse impacts from mercury to warrant further international action to reduce the risks to
humans and wildlife from the release of mercury to the environment. The Council decided that na-
tional, regional and global actions should be initiated as soon as possible and urged all countries to

' The Global Mercury Assessment (UNEP, 2002), a comprehensive report covering most issues relevant to mer-
cury pollution, can be accessed online at the UNEP Chemicals website

(URL: http://www.chem.unep.ch/mercury/Report/Final%20Assessment%20report.htm). Hardcopies can be ob-
tained by contacting UNEP Chemicals at the address given on the inside cover of this document.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 1 - Introduction 4

adopt goals and take actions, as appropriate, to identify populations at risk and to reduce human-
generated releases.

20. The Council requested UNEP, in cooperation and consultation with other appropriate organi-
zations, to facilitate and conduct technical assistance and capacity building activities to support the
efforts of countries to take action regarding mercury pollution. This request was reinforced by the
Governing Council at its 23" session in February 2005.

Building countries capacity to address mercury pollution

21. In response to the Governing Council’s request, UNEP has established a mercury programme
within UNEP Chemicals, with the immediate objective to encourage all countries to adopt goals and
take actions, as appropriate, to identify exposed populations, minimize exposures through outreach
efforts, and reduce anthropogenic mercury releases.

22. Among the priorities for the programme are to assist countries in assessing their own situation
with regard to mercury pollution and identifying possible ways of dealing with any adverse impacts,
such as developing tools and strategies to mitigate problems, increasing awareness and promotion of
mercury-free products or responsible use of mercury, where appropriate, and developing strategies for
enhanced communication to reach at-risk populations.

23. When implementing these activities, UNEP Chemicals will be seeking to consult, cooperate
and create partnerships with Governments, intergovernmental organizations and non-governmental
organizations that address issues related to mercury and its compounds, bearing in mind the need to
avoid duplication of work and relying, to the extent possible, on existing institutions and infrastruc-
tures.

24, An important part of the programme is to develop training materials, guidance documents and
toolkits on a number of relevant topics that may be of use to Governments and others in their efforts to
evaluate and address mercury pollution. Governments will need to develop the knowledgebase neces-
sary for evaluating the risks posed by mercury and for taking appropriate action to reduce those risks.
This “Toolkit for identification and quantification of mercury releases” (Toolkit) is intended to assist
countries to build part of that that knowledge base through the development of a mercury inventory
that identifies sources of mercury releases in their country and estimates or quantifies these releases.

25. Details on the purpose of developing a mercury inventory and guidance on how to use it are
described in chapter 2. A description of the methodology used in this Toolkit is given in chapter 4.

1.2 Context of this Toolkit
Pilot draft of the Toolkit

26. This Toolkit is published for the first time as a pilot draft, intended to be circulated for pilot
testing and comments. It will be further developed and revised versions published as appropriate. The
most current version of the Toolkit will at any time be available on the UNEP Chemicals mercury web
page at http://www.chem.unep.ch/mercury/

27. This pilot draft follows closely the approach and methodology developed and applied in the
second edition (February 2005) of the document “Standardized Toolkit for Identification and Quantifi-
cation of Dioxin and Furan Releases”, published by UNEP Chemicals. Where relevant, text passages
from the dioxins and furans toolkit have been applied in this mercury Toolkit. The dioxins and furans
toolkit, whose approach and methodology has been pilot-tested in a number of countries, has already
been subject to several rounds of comment and review by those experienced in inventory building.
The methodology developed is generally recognized as sound, and the toolkit will be considered by
the Conference of the Parties of the Stockholm Convention in May 2006 for possible endorsement as
the guidance for undertaking release reporting pursuant to Article 5 of the Stockholm Convention on
Persistent Organic Pollutants and as a methodology for national implementation plans for compiling

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 1 - Introduction 5

national dioxins (PCDD) and furan (PCDF) release inventories. In fact, many countries are already
using the dioxin and furan toolkit in compiling release inventories.

28. This pilot draft Toolkit for mercury was developed with the assistance of COWI Consulting
Engineers and Planners AS in Denmark - the contributors were Mr. Jakob Maag and Dr. Carsten Las-
sen, who both have extensive experience and has previously been involved in a number of publications
relevant to mercury, both at national and international level. Within UNEP Chemicals, Ms. Aase
Tuxen, Mr. Charles French and Mr. Juan F. Caicedo contributed to the drafting, editing and finaliza-
tion of the Toolkit.

Further development of this Toolkit

29. As with any methodology, the Toolkit needs live testing, validation and updating. The Toolkit
is considered an evolving document, which will be updated and revised, as appropriate and feasible, to
take account of emerging information and experience. Also, as this pilot draft at the moment is pre-
dominantly based on experience and information available from industrialized countries, it might not,
for some release sources, fully reflect conditions in the developing countries, where uncontrolled re-
leases may occur widely and where there is often a large informal sector. Input and data from other
regions of the world is therefore very important, in order to provide a broader knowledge base for the
different sources of mercury releases and improve the Toolkit’s applicability.

30. Publication of this pilot draft follows a number of workshops for developing countries and
countries with economies in transition, to raise awareness of the global issues related to mercury pollu-
tion and assist these countries in assessing their own situation with regards to mercury pollution and
identifying possible ways of dealing with any adverse impacts. This Toolkit will hopefully assist
countries interested in developing or further refining their inventory of mercury uses and releases. It is
hoped that countries will be willing to pilot test these materials and provide constructive feedback in
order to improve their quality and usefulness in the future.

31. UNEP Chemicals invites all users of the Toolkit to provide feedback on all aspects of this
product. Users of the pilot draft Toolkit may consult with UNEP Chemicals where problems with ap-
plication, interpretation and implementation occur or where the system does not seem to apply to the
situation found in the country.

32. Countries are encouraged to use the Toolkit to submit their inventories to UNEP Chemicals,
who will make them publicly available on the mercury programme webpage at
http://www.chem.unep.ch/mercury/. Over time, it is hoped to be able to provide, in addition to na-
tional inventories from various regions, a forum for exchange of information on countries’ experience
with inventory development, case studies, relevant new publications, etc.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 2 — Mercury inventories and this Toolkit 6

2 Mercury inventories and this Toolkit

2.1 Purpose of mercury inventories

33. Inventories for releases of priority hazardous substances constitute an important decision mak-
ing tool in the process of mitigating environmental impacts from the pollutants in question. Once a
country has decided that mercury pollution is a potential priority problem that needs to be evaluated
further, it will typically need to estimate both the relative and the absolute contributions to mercury
releases from the different sources present in the country. This information can be used to determine
which release source types are significant and which sources should be addressed through release re-
duction initiatives.

34, Combined with additional knowledge of the specific release source types and available op-
tions for bringing about release reductions, the most cost-effective reduction measures can be identi-
fied for selection in the decision making process. Often, such inventories are also vital in the commu-
nication with stakeholders such as industry, trade and the public.

35. Furthermore, baseline inventories, and subsequent up-dates, can be used to monitor progress
towards pre-set goals, and thereby identify successful approaches which could serve as examples in
other areas, as well as areas where the applied measures do not prove adequate and further attention
and initiative is needed.

2.2 Aims of this Toolkit

36. This Toolkit aims to help countries that wish to develop a mercury inventory to estimate re-
leases of mercury, and also leads them through the process of how to enhance and refine these inven-
tories. The Toolkit’s goal is to guide the inventory makers within a country through the different
techniques and stages of developing the inventory, by providing a methodology, illustrative examples
and extensive information on mercury release sources. The Toolkit thus facilitates and reduces the
workload in the creation of national or regional mercury inventories.

37. The Toolkit highlights the pathways of mercury within society, and into the environment and
other receiving media. Whereas many existing inventories assess releases to a single environmental
media, mainly the atmosphere, the Toolkit aims at providing a methodology and associated input fac-
tors and output distribution factors that can be used to estimate mercury releases into all media (air,
water, land, products and wastes).

38. The Toolkit is designed to produce a simple methodology and accompanying database to en-
able assembly of consistent national and regional mercury inventories. It comprises a UNEP-
recommended procedure for the effective compilation of source and release inventories of mercury.
Comparable sets of mercury source release data enhance international co-operation, discussion, goal-
definition and assistance. Comparable datasets also help to improve the understanding of the global
picture of releases, as a step in prioritizing actions to control or reduce releases, and improves the in-
ternational knowledge base on mercury uses and releases.

39. The Toolkit is designed to be adaptable. As mentioned in chapter 1, the release factor data-
base, as well as other factors and information in the Toolkit, may be revised and improved in response
to the emergence of new data or improved processes. It is a screen, not an exhaustive registry, and is
designed to ensure the positive identification of the bulk of significant sources. Speed and ease of use
have been deemed more relevant for the users of this Toolkit than the unattainable goal of 100 percent
accuracy.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 2 — Mercury inventories and this Toolkit 7

40. The Toolkit is designed to be applicable to all countries, but is intended especially to assist
countries who have not yet developed comprehensive mercury inventories to get started or further en-
hance their preliminary inventories. Different countries will investigate sectors differently depending
on the resources available and the priority given to each sector. The Toolkit provides a procedure
which allows a stepwise approach to 1) identify main source categories present in the country or re-
gion, 2) further identify individual source sub-categories (source types), and ultimately - if desired - 3)
develop quantitative estimates of releases from the identified sources, or a prioritized selection of
sources. Also, it may be appropriate to carry out additional work on particular sources at some future
date as further information or resources become available. The use of default release factors side-by-
side with local measured data will help to refine and improve the Toolkit for use in other countries

41. Additionally, the Toolkit provides links to sources of more information on mercury releases,
both general links to other international and national databases, and a multitude of references to indi-
vidual reports and other documents presenting data and more details on individual mercury release
source types.

42. To supplement this Toolkit, a separate Excel spreadsheet is available electronically, intended
to facilitate the calculation of inputs and outputs of the different source categories. Further informa-
tion on this spreadsheet is provided in section 9.2. The spreadsheet is available on-line at the UNEP
Chemicals website http://www.chem.unep.ch/mercury/ or can be obtained by contacting UNEP
Chemicals at the address given on the inside cover of this document.

2.3 Limitations of this Toolkit

43. The Toolkit was designed to include all known mercury release source types - in more or less
detail depending on the data available and the potential importance of the source types - yet sources
may exist that are not accounted for in the Toolkit. If a country identifies any new sources, these
sources should be included in the national inventory, and countries should submit the information on
their existence, their characteristics and potential significance to UNEP Chemicals for addition to the
data base on mercury.

44, The data presented in this Toolkit are primarily extracted from easily accessible data sources.
Additional data may exist that would add to - or possibly modify - the characterization of the individ-
ual release source types. Particularly, data from developing countries are limited, and may add signifi-
cantly to a global understanding of mercury releases, because the prevailing conditions may be quite
different from the situation in developed countries, where most of the presented data were collected.
As mentioned, the Toolkit may be revised in the future, allowing for the inclusion of such additional
data.

45. Although the use of source specific data is always the preferred approach and will lead to the
best estimates of releases, an attempt has been made when developing this Toolkit, to develop pre-
liminary default input and distribution factors that might be of use to those users who have difficulties
obtaining source specific data. It should be noted that the default factors suggested in this pilot draft
Toolkit are based on a limited data base and as such, they should be considered preliminary and sub-
ject to revisions as the data base grows. Also, the presented default factors are expert judgments based
on summarized data only, and - at present - no systematic quantitative approach has been involved in
the development of the factors (such as for example consumption-weighted concentration and distribu-
tion factors derivation). Therefore, it may be appropriate to review, and confirm to the extent feasible,
main source specific data for local/national conditions, before major decisions are taken on implemen-
tation of mitigation initiatives.

46. As described in section 2.1 of the UNEP Global Mercury Assessment report, the form (or spe-
cies) of mercury releases is an important factor for environmental fate and transport, toxicity, and con-
trollability. We appreciate the value of gathering and reporting releases for the different forms of mer-
cury (especially elemental mercury and oxidized mercury), and we realize that some countries (and
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Chapter 2 — Mercury inventories and this Toolkit 8

other organizations) have attempted to do this. For an ideal, detailed mercury release inventory, it is
preferable for mercury release quantities to be calculated for each form of mercury. However, at this
time we have determined that providing guidance for the calculation and reporting of the releases of
the different species of mercury is beyond the scope of this draft document. Therefore, this draft docu-
ment presents no guidance for calculating or reporting the different forms of mercury releases. None-
theless, later versions of this Toolkit might include such information in the future.

24  Further reading

47. This Toolkit focuses on the preparation of a release inventory for mercury. It is aimed to
cover all release pathways (air, water, land, products, residues, and wastes) from industrial and domes-
tic activities by identifying all known source types (or categories), providing descriptions for most of
these source categories, and a methodology for estimating releases. Similar work has also been done
by a number of other organizations both at national, regional and international levels. Although dif-
ferent in scope and coverage, much information and expertise can be found in the documentation for
this other similar work. These documents may also be consulted for further reading and application
within the Toolkit. Some examples are given below together with the respective web addresses. In
addition, references to more detailed documentation may be provided on specific issues throughout the
various sections of this Toolkit. A list of these references can be found in chapter 6 of this Toolkit.

48. The UNECE Protocol on Heavy Metals (1998) under the 1979 UNECE Convention on
Long-range Transboundary Air Pollution (LRTAP): The Protocol targets mercury, along with two
other particularly harmful metals: cadmium and lead. According to one of the basic obligations, Par-
ties will have to reduce their emissions for these three metals below their levels in 1990 (or an alterna-
tive year between 1985 and 1995). The Protocol aims to cut emissions from industrial sources, com-
bustion processes and waste incineration. Emission levels must be reported using as a minimum meth-
odologies specified by the Steering Body of EMEP, the Cooperative Programme for Monitoring and
Evaluation of Long-range Transmission of Air Pollutants in Europe. The EMEP/CORINAIR Emission
Inventory Guidebook has been prepared as a guide to atmospheric inventory methodologies.

URL for the Protocol: http://www.unece.org/env/Irtap/hm_h1.htm

URL for EMEP: http://www.EMEP.int

URL for the Guidebook: http://reports.eea.eu.int/EMEPCORINAIR3/en

49, The Convention on the Protection of the Marine Environment of the Baltic Sea Area
(Helsinki Convention): The Helsinki or HELCOM Commission works to protect the marine envi-
ronment of the Baltic Sea from all sources of pollution through intergovernmental co-operation of
member States.

URL: http://www.helcom.fi/

50. The OSPAR Convention for the Protection of the Marine Environment: The OSPAR
Commission develops programmes and measures to identify, prioritize, monitor and control the emis-
sions, discharges and losses of hazardous substances that reach, or could reach, the marine environ-
ment of the North-East Atlantic, with the ultimate aim of achieving concentrations in the marine envi-
ronment near background values for naturally occurring substances and close to zero for man-made
synthetic substances.

URL: http://www.ospar.org/eng/html/welcome.html

51. The Harmonised Quantification and Reporting Procedures for Hazardous Substances
(HARP-HAZ): This project, run by the Norwegian Pollution Control Authority (SFT), promotes and
co-ordinates reporting systems and procedures on emissions into the marine environment for the North
Sea States and OSPAR member States, as a basis for transparent, reliable and comparable reports, in-
cluding relevant sources, basic figures, calculation methods and emission factors.

URL for SFT: http://www.sft.no/english/

URL for HARP-HAZ: http://www.sft.no/english/harphaz/

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 2 — Mercury inventories and this Toolkit 9

52. The IPPC Directive - Integrated Pollution Prevention and Control of the European
Union: This directive aims at minimizing pollution from various point sources throughout the Euro-
pean Union. All installations covered by an Annex of the Directive are required to obtain an authori-
zation (permit) from the authorities in the EU countries. The permits must be based on the concept of
Best Available Techniques (BAT). It has also been decided that policy-makers as well as the public at
large need better information about the amount of pollution that different installations are responsible
for. The Directive provides for the setting up of a European Pollutant Emission Register (EPER) to
ensure that such information is made available.

URL for IPPC Directive: http://europa.eu.int/comm/environment/ippc/

URL for BAT reference documents (BREFs): http://eippcb.jrc.es/

URL for EPER: http://europa.eu.int/comm/environment/ippc/eper/index.htm

53. Pollutant Release and Transfer Registers (PRTR): UNCED Agenda 21, Chapter 19 rec-
ommends the establishment of such registers. Governments and relevant international organizations
with the cooperation of industry should [among others] “Improve data bases and information systems
on toxic chemicals, such as emission inventory programmes...” The OECD Task Force on Pollutant
Release and Transfer Registries has done extensive work on inventory development, particularly in the
area of developing release estimation techniques for various chemicals and source categories. Of par-
ticular note is 1) the Resource Compendium of PRTR Release Estimation Techniques, which provides
OECD countries with basic information on the techniques used to quantify releases and transfers from
point and diffuse sources for a PRTR. It consists of three separate volumes: Part 1 summarizes tech-
niques for point sources and Part 2 for diffuse sources. Part 3 describes techniques used to estimate the
amounts of pollutants transferred off-site; and 2) the Resource Centre, which provides a clearinghouse
of guidance manuals/documents of release estimation techniques for the principal pollutant release and
transfer registers developed by OECD member countries. The manuals and documents include de-
scriptive information on the sources of pollutants (including mercury) that are released, as well as in-
formation on emission factors, mass balance methods, engineering calculations, and monitoring in-
formation.

URL of the PRTR clearinghouse: _http://www.chem.unep.ch/prtr/Default.htm

URL for the North American Commission for Environmental Cooperation's North American Pollutant
Release and Transfer Register:
http://www.cec.org/programs_projects/pollutants_health/project/index.cfm?projectiID=26&varlan=english

URL for Japan PRTR: http://www.env.go.jp/chemi/prtr/result/

54, For further consultation on mercury inventories, information can be found in the international
literature, the Global Mercury Assessment report by UNEP Chemicals (2002), and at web sites of re-
gional organizations, such as:

URL for European Commission: http://europa.cu.int/comm/environment/chemicals/index.htm

URL for the Commission for Economic Cooperation: http://www.cec.org/home/

URL for the Artic Council Action Plan http://www.arctic-council.org/

and several national governments and agencies.

URL for the January 2005 "Arctic Mercury Releases Inventory" and the "Assessment of Mercury Re-
leases in the Russian Federation" http://www.mst.dk/udgiv/publications/2005/87-7614-515-
8/html/default eng.htm

55. Australia’s National Pollution Inventory (NPI): Australia has developed a database where
emissions are estimated for industrial facilities across the country, and for diffuse sources.
URL: http://www.npi.gov.au/

56. Canada's National Pollutant Release Inventory (NPRI): Environment Canada has devel-
oped a database of information on annual releases to air, water, and land, and off-site transfers for dis-
posal or recycling.

URL: http://www.ec.gc.ca/pdb/npri/NPRI_home_e.cfm
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57. The United States of America’s Toxics Release Inventory (TRI): It is a publicly available
EPA database. EPA prepares TRI that contains the most accurate information on emissions on toxic
chemical releases and other waste management activities reported annually by certain covered industry
groups as well as federal facilities. Also, the EPA has a mercury webpage that contains information on
its other activities relevant to mercury.

URL for TRI: http://www.epa.gov/triinter/

URL for US EPA mercury webpage: http://www.epa.gov/mercury/

58. National Emissions Inventory (NEI): It is a publicly available EPA database. EPA also pre-
pares a national database of air emissions information (NEI) with input from numerous State and local
air agencies and from industry that contains information on emissions from individual US facilities.
URL for NEI: http://www.epa.gov/ttn/chief/net/

59. The United States Environmental Protection Agency — Clearing house for Inventories
and Emission Factors: This series of reports characterizes the source categories for which emissions
of a number of toxic substance have been identified. A specific document exists for mercury and mer-
cury compounds, entitled “Locating and estimating air emissions from sources of mercury and mer-
cury compounds”. Report EPA-454/R-97-012, Research Triangle Park, NC, USA. EPA.

URL: http://www.epa.gov/ttn/chief/le/index.html

60. The New Jersey Mercury Task Force Report, Volume III - Sources of Mercury in New
Jersey: This report presents how, through a combination of source reduction and aggressive pollution
control measures, the State of New Jersey has achieved some very notable reductions in the environ-
mental releases of mercury over the past decade, including reductions in emissions from municipal
solid waste and medical waste incinerators.

URL.: http://www.state.nj.us/dep/dsr/Vol3-chapterl.pdf
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61.

62.

Anthropogenic mercury release sources
The releases of mercury to the biosphere can be grouped in four categories (UNEP, 2002):

Natural sources - releases due to natural mobilization 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 mobilization of mercury
impurities in raw materials such as fossil fuels — particularly coal, and to a lesser extent gas and oil
— and other extracted, treated and recycled minerals;

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

Re-mobilization of historic anthropogenic mercury releases previously deposited in soils, sedi-
ments, water bodies, landfills and waste/tailings piles.

Figure 3.1 shows these release categories with main types of possible control mechanisms.

ol Natural
sources and
Re-mobilisation  »..
of anthropo-
o, genic Hg

.,
.,
.
.
.
.

Releases ~"*-..
mostly beyond
human control

Human & natural
environment

‘e,
®eccece’

Hg
impurities
in raw
materials

- Reduce consumption
- Use alternative raw materials
- “End-of-pive” techniques

— g

- Reduce consumption

- Improve recycling/recovery
- Substitute products/processes
- “End-of-pipe” techniques

Hg used
intentionally
in products
and processes

Figure 3-1  Main sources of mercury (Hg) releases to the environment and main control options

63.

This Toolkit aims at guiding users in the identification and quantification of human-generated

mercury releases that can potentially be reduced through various regulatory actions or other ap-
proaches. Therefore, the Toolkit concentrates on current anthropogenic releases from mobilization of
mercury impurities, from intentional use of mercury in products and processes and from human-
generated deposits such as landfills, contaminated sites and mine tailing piles. These overall modes of
anthropogenic releases form the backbone of the categorization of release sources in the Toolkit.

64.

Natural mercury sources and remobilization of previous atmospheric deposition are not cov-

ered in this Toolkit, as release reduction initiatives are not relevant for these sources. These sources
do, however, contribute to the adverse impacts of mercury on human health and the environment, and
may in some areas warrant particular attention for these reasons. For more reading on natural mercury
sources and remobilization, see the Global Mercury Assessment (UNEP, 2002).
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3.1 Pathways of releases to the environment
Mercury is persistent in the environment

65. A fact that is basic to the understanding of mercury’s pathways in society and the environment
is that mercury is an element and, although it may change between different forms in its cycle, it can-
not be broken down or degraded into harmless substances. This means that once mercury has been
brought into circulation in the society/biosphere by human activity it does not “disappear” again in
time spans comparable to human lifetime and will need to be managed (stored or disposed of) for the
longer term.

Releases throughout the "life-cycle" of a product or process

66. To illustrate the nature of mercury flows in society and mercury releases to the environment,
the life-cycle concept can be of use. The life-cycle concept is a "cradle to grave" approach that recog-
nizes that all stages in the “life” of a product or process (extracting and processing raw materials,
manufacturing, transportation and distribution, use/reuse, recycling and waste disposal) may have po-
tential environmental impacts. The life-cycle approach can be used during data gathering and devel-
opment of an inventory and for ranking the environmental burdens of products, processes and services.

67. The diagram below breaks down a product or process life-cycle inventory into inputs contain-
ing mercury and outputs of mercury in material and environmental releases.

Life-cycle Inventory

Inputs Outputs
Raw Materials
> Acquisition —
v Mercury in
products

.| Production, Processing
and/or Formulation

. 1, Mercuryin
Mercury in  — v water effluents
raw materials Use/reuse —»

A\ 4

1 Airborne

h 4 ..
mercury €missions

Recycling —>

A\ 4

Mercury in
solid wastes

v
. Waste Management
and Disposal Mercury in other

+—> .
environmental
releases

Figure 3-2  Illustration of a life-cycle inventory broken down into inputs and outputs for material as
well as environmental releases

68. Mercury releases may occur at all stages of the life-cycle of a mercury-containing product or
process. As mercury is an element and therefore neither formed nor degraded during this life-cycle
(though it may change form), the total inputs of mercury will equal the total outputs. This means that
the mercury releases from a particular human activity can be viewed as the consecutive distribution of
the original mercury input to various media or release pathways during various stages of the life cycle
of the product or process in question.

69. Examples of the life-cycle of mercury in a process and a product, and the mercury releases
occurring throughout the life-cycle are given in figure 3.3. Only those phases in the life-cycle that are
relevant to releases of mercury are shown in the figure.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 3 —Anthropogenic mercury release sources

13

a) The life-cycle of mercury in production of electricity from coal combustion.

Extraction
(of coal)

50

Production
(of electricity)

=

Releases to air and
mercury in residues
from combustion and
flue gas cleaning

=)

Disposal
(of wastes/residues)

Releases to land, water and air
from solid residues not depos-
ited under controlled, safe
conditions

Deposition of mercury in ?
solid residues under
controlled, safe conditions

Post-deposition

Long-term releases of mercury
to air and water from depos-
ited solid residues

b)  The life-cycle of mercury in mercury oxide batteries.

. Production
Extraction . .
(of batter- Use Disposal Post-deposition
(of mercury) .
ies)
Releases to land, water
10 and air from waste
batteries not collected
to controlled waste
treatment
25 Releases to air and ?
100 Releases and d .\ . Long-term releases
eposition of mercury in .
waste from 80 Releases 70 : i of mercury to air and
residues from incinera- .
extraction of from manu- . . water from deposited
3 tion of batteries collected . . .
mercury facturing of with household waste incineration residues
from ore batteries
20 . Long-term releases
25 Deposition of mercury .
10 . . ? of mercury to air
‘ - in batteries collected - and water from
A4
with household waste .
deposited waste
10 Deposition of mercury
‘ in separately collected
batteries
Notes: Numbers indicate relative percent of the original mercury input (content in coal and ore, respectively)
following the different release pathways, in a fictive, but realistic example.
A red arrow indicates where direct releases occur and a blue arrow indicates other flows.

Figure 3-3  Illustration of the life-cycle of mercury in a) a process (production of electricity from coal
combustion) and b) a product (mercury oxide battery) (hypothetical - for illustration pur-
poses)

70. For the sake of convenience, releases from primary extraction of mercury, as well as releases

from treatment of general (household) waste and waste water, are described and assessed separately in
this Toolkit, but the important links between these phases and the production and use phases in be-
tween, are noted in the description of the mercury release sources.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 3 —Anthropogenic mercury release sources 14

3.2 Examples of mercury releases to different pathways
Releases to environmental media

71. Figure 3.4 below gives examples of anthropogenic mercury releases to the different environ-
mental media (here termed as pathways, but often also called compartments or routes).

I Examples of anthropogenic mercury releases to the environmental media I

Destinations of releases to the environment and types of releases to each receiving environ-
mental medium:
* Air - the atmosphere: Point sources and diffuse sources from which release may be
spread locally, regionally and hemispherically/globally with air masses.

- Emissions from major point sources such as coal fired power plants, metal extrac-
tion, waste incineration, chlor-alkali facilities, secondary scrap recycling/smelting,
cement production, industrial inorganic chemicals production and diffuse sources
such as housing (fossil fuel combustion);

- Emissions from artisanal gold mining;

- Emissions from cremation, primarily due to dental fillings containing mercury;

- Emissions from mercury-containing paints;

- Diffuse releases from uncollected waste products (fluorescent lamps, batteries,
thermometers, mercury switches, lost teeth with amalgam fillings etc.);

- Evaporation of previous discharges to soil and water;
- Evaporation of mercury disposed of on landfills.

* Water — aquatic environment: Point sources and diffuse sources from which mer-
cury will be spread to marine environments (oceans), and freshwaters (rivers, lakes
etc.).

- Direct discharges from industry and households to aquatic environments;
- Emissions from artisanal gold mining;
- Indirect discharges via waste water treatment systems;

- Surface run-off and leachate from mercury contaminated soil and landfills with-
out leachate collecting membrane and leachate water cleaning system;

- Wash-out of mercury previously applied or deposited on land.

* Land/soil — terrestrial environment: General soil surfaces and ground water.

- Diffuse releases from uncollected waste products (batteries, thermometers, mer-
cury switches, lost teeth with amalgam fillings etc.);

- Local releases from industry: On site materials and waste storage, broken/unused
pipes, and equipment and building material contaminated with mercury;

- Spreading of sewage sludge with mercury content on agricultural land (used as
fertilizer);
- Application on land, seeds or seedlings of pesticides with mercury compounds;

- Use of solid residues from waste incineration and coal combustion for construc-
tion purposes (slag/bottom ash and fly ash);

- Burial of persons with dental amalgam fillings.

Figure 3-4  Examples of anthropogenic mercury releases to the different environmental media

Mercury flows/releases to other pathways

72. In addition to the release pathways (air, water, land) mentioned above, this Toolkit works with

the output pathways "products", "general waste" and "sectors specific waste treatment". This is done
for practical reasons in the inventory work, yet the final receiving media may in the long term ulti-
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mately be land, air and water. Some examples of mercury flows/releases to "products", "general
waste" and "sectors specific waste" are given in figure 3-5 below.

Examples of mercury flows/releases to the intermediate pathways
"products", "general waste' and "sector specific waste treatment"

Products: Products that unintentionally or intentionally contain mercury;
Products using the characteristics of mercury intentionally, or by-products with mercury content,
for example resulting from intentionally used mercury (in trace concentrations) following the
product, or because mercury is an impurity in recovered materials.
Intentional use in products, pesticides, etc.
Gypsum wallboard produced from solid residues from flue gas cleaning on coal fired power
plants;
Sulphuric acid produced from desulphurization of flue gas (flue gas cleaning) in non-ferrous
metal plants;
Chlorine and sodium hydroxide produced with mercury-based chlor-alkali technology.

* General waste: Typically household and institution waste - the large bulk of general waste from
the population - where the waste undergoes a general treatment, such as incineration or deposition un-

der controlled circumstances.

- Consumer products with intentional mercury content, such as batteries, thermometers, human
teeth with mercury amalgam fillings, electronic devises with mercury switches, fluorescent
tubes, etc. that is not collected/treated in separate systems;

Normal high volume product waste with very small trace amounts of mercury.

Sector specific waste treatment: Waste from industry and consumers that is collected and treated
in separate systems.

- Hazardous industrial waste with high mercury content, usually from intentional mercury use —
that may be stored in sealed containers on specially protected deposits, or in some cases incin-
erated (due to content of other substances which are combustible);

Hazardous waste from secondary smelting/scrap recycling operations;

Hazardous consumer waste with mercury content, mainly separately collected batteries, ther-
mometers, mercury switches, lost teeth with amalgam fillings etc.;

High volume rock/waste from extraction of metals or minerals;
Solid residues from waste incineration (slag/bottom ash and fly ash).

”"on

Figure 3-5  Examples of mercury flows/releases to the intermediate pathways "products”, "general
waste" and "sector specific waste treatment” of anthropogenic mercury releases to the dif-
ferent environmental media.

73. As illustrated in figure 3.3, waste disposal is a major output/release route in the life-cycle of
mercury-containing products and materials. Waste treatment and wastewater treatment are examples
of mercury release sources, for which the origin of the mercury has to be assessed, in order to consider
properly possibilities for cost effective release reductions. While these systems are implemented for
the reduction of environmental impacts from various pollutants, they do not generally provide terminal
elimination of all the mercury present in the wastes. This is due to mercury's special characteristics in
combination with the applied technologies and procedures (as described in sections 5.8 - 5.10 on the
different waste treatment systems). For mercury, reduction or elimination of mercury before it be-
comes a waste (in products and processes) is considered widely as a cost effective release reduction
option.

74. For more information on output pathways, see the description of the Toolkit inventory ap-
proach in section 4.4.4. For examples of the relative importance of mercury releases from different
sources from a number of countries, and also between impurity mobilization and intentional mercury
use, see chapter 6 of the Global Mercury Assessment report (UNEP, 2002).
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4 Steps in the creation of a mercury inventory

4.1 Introduction to the inventory concept

75. The Toolkit consists of a four-step standardized procedure to develop consistent and compara-
ble source inventories, as set out in figure *4.1 below.

ESTABLISHING A NATIONAL MERCURY RELEASE INVENTORY USING THIS TOOLKIT

STEP 1 - Apply screening matrix to identify main source categories present in the country or region in-
vestigated and identify existing descriptions of mercury sources in the country;

STEP 2 -Classify main source categories further into sub-categories and gather additional qualitative
information to identify existing activities and sources of mercury releases in the country; and if
feasible, the relative importance of each;

STEP 3 - Gather detailed quantitative information on the identified sources, and quantify releases with
source specific data or default mercury input and output distribution factors from this Toolkit;

STEP 4 - Apply nation-wide to establish full inventory and report results using guidance given in the
standard format.

Figure 4-1 The recommended four-step approach used to establish a national mercury release inven-
tory using the Toolkit

76. In the first step, a coarse screening matrix is used to identify the main mercury source catego-
ries present in a country. Also, any existing partial mercury inventories or descriptions of mercury
sources in the country (or region) should be identified and collected.

77. In the second step, these main source categories are further classified into sub-categories in
order to identify the individual activities that potentially release mercury. If only a qualitative identifi-
cation of source types present in the country or region in question is desired, step three (quantification)
can be omitted, and the qualitative findings can be reported as a commented list of main source cate-
gories and sub-categories identified in the country. However, to give a better basis for preliminary
evaluation and prioritization of further actions to address mercury releases, it is highly recommended
to include, as a minimum, information that indicates the relative magnitude of the sub-category as a
source of mercury releases, as described in step 3 below.

78. In the third step, a quantitative inventory is developed. At this step, it may be considered if a
full quantitative inventory should be created from the start, or as an initial step, an interim inventory is
desired to support the prioritization of the further work and initiate communication with inventory par-
ticipants/reviewers. An interim inventory may present the identified source sub-categories along with
indication of their relative importance. A preliminary impression of the relative importance - magni-
tude of mercury releases - of the identified source sub-categories can be formed by gathering and ap-
plying activity volume data (see below) and/or other relevant information such as the approximate
number and size of facilities in a particular industry, approximate number of people engaged in a par-
ticular activity, such as gold mining, or similar. Obtaining some information on the principal inten-
tional uses of mercury within the country will be particularly helpful as an important input to the in-
terim inventory. An interim report can be developed with outline as described in section 4.5.3.

79. For a full quantitative inventory, activity volume data ("activity rates") and process-specific
information is gathered to be used to calculate estimated mercury releases from the identified mercury
release sources in the country (or region) in question. Releases are calculated via the equation and pro-
cedures given in section 4.4, and source type data described in chapter 5.
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80. The fourth and final step is the compilation of the standardized mercury inventory using the
results generated in steps 1 through 3. A standardized presentation format is presented in section 4.5.2,
in order to ensure that all known sources are considered (even if they cannot be quantified), data gaps
are identified and inventories are comparable and transparent.

81. A flowchart, further illustrating the details of the process described above, is given in figure
4.2 below.

4.1.1 Life-cycle approach

82. As illustrated in figure 3.2 earlier, mercury releases may occur at all stages of the life-cycle of
a mercury-containing product or process. As mercury is an element and therefore neither formed nor
degraded during this life-cycle (though it may change form), the mercury releases from a particular
human activity can be viewed as the consecutive distribution of an original mercury input to various
media or release pathways during various stages of the life cycle of the product or process in question.
Therefore, this Toolkit works with the parameters "mercury input" and "output distribution" for
each of the activities in the life-cycle chain.

83. The inventory approach in this Toolkit is organized according to the relevant products and
processes. For each such product or service, the releases are described and assessed for the phases of
the life-cycle where mercury releases can potentially occur (even if the phases in the life cycle can be
considered individual release sources in terms of space and time). This approach is followed in most
of the more advanced existing national inventories of mercury fluxes and releases, often in the form of
so-called substance flow assessments (or analyses).

84. Examples of the life-cycle of a process and a product containing mercury and the mercury re-
leases occurring throughout its life cycle are given in figure 3.3 above. Only those phases in the life-
cycle that are relevant to releases of mercury are shown in the figure.

85. As can be seen from the examples in this figure, not all phases in the life-cycle have equal po-
tential for mercury releases. At what stage of the life-cycle significant releases may take place depends
very much on the character of the materials, processes and products involved. This Toolkit focuses on
the major releases that may take place throughout the life-cycles (see sections 4.2 and 4.3), and de-
scribes in more detail, in chapter 5, where in the life-cycles of the different release sources significant
mercury releases may occur, along with available data of how much of the mercury input is released in
each phase.

86. For the sake of convenience, releases from primary extraction of mercury, as well as releases
from treatment of general (household) waste and waste water, are described and assessed separately in
this Toolkit, but the important links between these phases and the production and use phases in be-
tween, are noted in the description of the mercury release sources.

Mercury inputs

87. The life cycle of mercury-containing products or processes is often not described fully in the
available literature, as quantitative data may be lacking or poor for some of the life-cycle phases.
Therefore, mercury inputs are often derived from the most easily available data types (as can be seen
in the mercury source descriptions in chapter 5). For battery production, for example, mercury inputs
may be derived from relatively well-documented mercury concentrations in the produced batteries in
combination with data on the tonnage of batteries produced, and not from the actual inputs to battery
manufacturing.

88. Examples of mercury inputs for each release source type are - to the extent data has been ob-
tained in the process of developing this Toolkit - presented in the source description sections in chap-
ter 5.
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Flowchart detailing the four-step approach to establish a national mercury release inven-

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005




Chapter 4 - Steps in the creation of a mercury inventory 19

89. For some selected sources, default input factors have been presented in the source description
sections in chapter 5 in this Toolkit.

90. It should be noted that, in an ideal world, estimating releases of mercury from the various re-
lease sources should be based on actual data, specific to the specific product, industrial facility or ac-
tivity under consideration. However, in reality, one will find that this is rarely the case, and that it is
often time-consuming and costly to generate such information. Although the use of source specific
data is always the preferred approach and will lead to the best estimates of releases, an attempt has
been made when developing this Toolkit, to develop preliminary default input and distribution factors
that might be of use to those users who have difficulties obtaining source specific data.

91. It is emphasized that the default factors suggested in this pilot draft Toolkit are based on a lim-
ited data base, and as such, they should be considered preliminary and subject to revisions as the data
base grows. Also the presented default factors are expert judgments based on summarized data only,
and - at present - no systematic quantitative approach (i.e. consumption-weighted concentration and
distribution factors derivation) has been involved in the development of the factors.

92. Because of the uncertainties in using non-specific data, it may be wise to calculate and report
intervals for the mercury inputs and outputs when using the default factors. The primary purpose of
using these default factors is to get a first impression of whether the sub-category is a significant mer-
cury release source in the country. Usually release estimates would have to be refined further (after
calculation with default factors) before any far reaching action is taken based on the release estimates.

Output distribution factors

93. For each mercury release source type, outputs are - to the extent data has been obtained - pre-
sented in the source description sections in chapter 5 as the relative share of the inputs that follow
each specific output pathway (or release pathway) - designated here as output distribution factors. The
output pathways include:

e Direct releases to the atmosphere (air);
e Direct releases to aquatic environments (water);
e Direct releases to land (terrestrial environment, including ground water);

e Flows of mercury as an impurity in marketed products (for example gypsum wallboard pro-
duced from solid residues from flue gas cleaning on coal fired power plants);

o Flows of mercury to the public waste water treatment system;
¢ Flows of mercury to the general waste treatment system;

e Flows of mercury to sectors specific waste treatment or disposal systems.

The principles applied in this "output path" vary between the sectors; it may for example in-
volve special separate collection and recycling, special safe deposition for high concentration
mercury waste, or use of low concentration residues in road construction or other similar ac-
tivities. To distinguish such disposal activities from uncontrolled "direct releases to land", the
first mentioned should be characterized by an element of evaluation by risk assessments or in-
formed acceptance from the authorities. Knowledge of the actual treatment or disposal taking
place should always be noted in the developed inventory reports.

94. It should be noted that uncontrolled, informal or illegal deposition or incineration of waste on
manufacturing sites or other places, with no evaluated mercury retention, is considered in this Toolkit
as direct releases to land, atmosphere and water, as relevant. Note also that in the source description
sections (Chapter 5), a distinction between direct release to water and releases to the waste water sys-
tem is not made. This is because the distribution between these two pathways is so variable among
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countries and local conditions, that it is difficult to state anything general about it in a global perspec-
tive.

95. Marketing products and materials with intentional mercury contents is not considered a release
pathway in the Toolkit context. Marketed mercury amounts with such products and materials are how-
ever dealt with extensively in the source description sections (Chapter 5), and must also be quantified
in the inventory in order to estimate mercury releases to the environment. Examples of such products
and materials are mercury thermometers, batteries and metallic mercury.

96. For some selected sources, default output distribution factors are presented in the source de-
scription sections in chapter 5 in this Toolkit. See section above on mercury inputs for some com-
ments on the use of these default factors.

4.2  Step 1: Screening matrix; identification of main source
categories present

97. The first step in developing a standardized mercury source inventory is identification of main
source categories present in the country (or region) investigated, and the main release routes for each
category. The coarse screening matrix provided in table 4-1 below facilitates preliminary evaluation of
activities (industries, product uses, domestic activities, efc.), which potentially release mercury to one
or more of the output pathways as defined above. For each main source category, the presence or ab-
sence of the activity in the country or region should be confirmed.

98. As an additional element in this initial work - and for further use - any existing partial invento-
ries or descriptions of mercury sources in the country should be identified.

Table 4-1 Screening Matrix — Main source categories and release pathways
Chapter Main Source Category Air Water Land |Products W?Ste/
residue
5.1 Extraction and use of fuels/energy sources X X X X X
5.2 Primary (virgin) metal production X X X X X

Production of other minerals and materials
53 . . ... X X X X X
with mercury impurities

Intentional use of mercury in industrial

54 X X X X X
processes

55 Consumer products with intentional use of X X X X X
mercury

5.6 Other intentional products/process uses X X X X X

57 P"roducnon (')‘f recycled meta}ls X X X X X
("secondary" metal production)

5.8 Waste incineration X X X X X

59 Waste deposition/landfilling and waste X X X X
water treatment

5.10 Crematoria and cemeteries X X X

Probably registration only, to be followed

5.11 Identification of potential hot-spots by site-specific evaluation

Notes: X - Release pathway expected to be predominant for the individual main source category;
x - Additional release pathways to be considered, depending on specific source and national situation.

99. These main mercury source categories are broad enough to capture the wide variety of indus-
tries, processes and/or activities known to potentially cause releases of mercury. Each main source
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category is structured to have common characteristics and manageable complexity. In the screening
matrix, the large “X” denotes the release pathway expected to be predominant for the individual main
source category, and the small “x” shows additional release pathways that should be considered. While
some main source categories may generally contribute more than others to a national mercury release
inventory, this distinction is deliberately not made here, as these relations are expected to differ con-
siderably depending on national or regional conditions.

100. It should be noted that, for simplification, releases to water and to waste water treatment sys-
tems are treated as one in the table. The same is the case with general waste and sector specific waste
treatment.

101.  The coarse screening matrix provides guidance on the areas in which information will be re-
quired, and may influence the composition of a team to collect initial information about possible
sources of mercury present in a country. The screening matrix will be the starting point for a strategy
to seek advice and expertise that will be needed during the more detailed information gathering and
data evaluation work.

102.  Resource persons with thorough knowledge of the sectors, where mercury releases can happen
in the country (or region), can be very valuable in the creation of a mercury inventory. Emphasis
should be put on the identification of such persons. Such persons may be industry's own experts, from
research institutions, from local or national environmental authorities, relevant consultants, among
others. Such resource persons may have significant knowledge that has not been reported and pub-
lished.

4.3  Step 2: Identification of sub-categories of sources present

103.  In the second step, processes or sub-categories within each main source category that are pre-
sent in the country or region under investigation are identified. Each of the ten main source categories
has been divided into a series of sub-categories that are described in the subsections below. The list of
sub-categories constitutes the summary matrix of the mercury inventory, which is to be compiled, as
described later in section 4.5).

104.  For each sub-category listed, an investigation should establish the presence or absence of the
activity in the country or region. Easily accessible data is most valuable at this stage. Centralized sta-
tistical information may be most appropriate. Any sub-category, which is reliably known not to be
present, can be eliminated from further investigation. However, the fact that the process is absent
should be noted in the inventory.

105.  In the sub-sections below, the main source category is broken down into a number of sub-
categories and details relevant to each sub-category are given. In addition, a table indicating the main
release pathways for each sub-category is included. Columns 2-6 of the table identify the pathways
into which significant amounts of mercury may potentially be released. The large “X” denotes the
release pathway expected to be predominant, and the small “x” shows Additional release pathways to
be considered, depending on specific source and national situation. The right column indicates
whether a point source approach (PS) or an overview approach (OW) is deemed most relevant. For
more explanation on point source and overview inventory approaches, see section 4.4.1.

106.  For simplification, releases to water and to waste water treatment systems are treated as one in
these tables, as was done for the main source categories in table 4-1. The same is the case with general
waste and sector specific waste treatment.

4.3.1 Extraction and use of fuels/energy sources

107.  This category covers the following main sub-categories:

e Coal combustion in large power plants, with thermal boiler capacity above 300MW;
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Other coal combustion, such as smaller combustion plants, domestic heating and other coal
uses;

Extraction, refining and use of mineral oil, i.e. all mercury releases in the life-cycle of min-
eral oil), such as heating, power production, use in transportation, synthesis of chemicals and
polymers, carbon black production, etc.;

Extraction, refining and use of natural gas, i.c. all mercury releases in the life-cycle of natu-
ral gas), such as heating, power production, use in transportation, synthesis of chemicals and
polymers, carbon black production, etc.;

Extraction and use of other fossil fuels, such as oil shale, peat, etc.;
Biomass fired power and heat production, using wood, straw, etc.;

Geothermal power production.

108.  The main pathways of releases of mercury and the recommended inventory approach for each
of these sub-categories is indicated in the table below.
Table 4-2 Extraction and use of fuels/energy sources: sub-categories with main pathways of releases
of mercury and recommended inventory approach
Main category - Extraction and use of fuels/energy sources
Waste/ Main in-
Chapter Sub-category Air Water | Land | Product . ventory
residue
approach
511 Coal combustion in large power X X X X X PS
o plants
5.1.2 Other coal combustion X X X X ow
5.13 E).(tractlor}, refining and use of X X X X X OW/PS
mineral oil
5.14 Extraction, refining and use of X X X X X OW/PS
natural gas
515 Extraction and use of other fossil X X X X ow
o fuels
516 Biomass fired power and heat pro- X X X X ow
o duction
5.1.7 Geothermal power production X PS
Notes: PS = Point source by point source approach; OW = National/overview approach;
X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.
4.3.2 Primary (virgin) metal production
109.  This category covers the following main sub-categories:

Primary extraction and processing of mercury, i.e. dedicated primary mercury mining;

Gold and silver extraction with the mercury-amalgamation process, i.e. mercury is used
intentionally to extract gold and silver, as opposed to other gold and silver extraction proc-
esses;

Zinc extraction and initial processing, i.e. primary zinc extraction and processing where
mercury impurities are present in the ores;
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110.

Copper extraction and initial processing, i.e. primary copper extraction and processing
where mercury impurities are present in the ores;

Lead extraction and initial processing, i.c. primary lead extraction and processing where
mercury impurities are present in the ores;

Gold extraction and initial processing by other processes than mercury amalgamation,
where mercury is present as a natural impurity in gold ore;

Aluminum extraction and initial processing, i.e. primary aluminum extraction and process-
ing where mercury impurities are present in the ores or other feedstock materials;

Extraction and processing of other non-ferrous metals, i.e. primary extraction and process-
ing of other non-ferrous metals, such as nickel and others;

Primary ferrous metal production, such as production of iron, steel, ferromanganese, etc.

The main pathways of releases of mercury and the recommended inventory approach for each

of these sub-categories is indicated in the table below.

Table 4-3 Primary (virgin) metal production: sub-categories with main pathways of releases of mer-

cury and recommended inventory approach

Main category - Primary (virgin) metal production

Waste Main in-
Chapter Sub-category Air Water | Land |Product . ventory
/residue
approach
591 Primary extraction and processing of X X X X X PS
mercury
Gold and silver extraction with the
522 .
mercury-amalgamation process X X X ow
5.2.3 | Zinc extraction and initial processing X X X X X PS
594 Copper extraction and initial proc- X X X X X PS
essing
505 Lead extraction and initial process- X X X X X PS
ing
Gold extraction and initial process-
5.2.6 |ing by other processes than mercury X X X X X PS
amalgamation
597 Alumm}lm extraction and initial X X . PS
processing
578 Extraction and processing of other X X X X PS
non-ferrous metals
5.2.9 |Primary ferrous metal production X X PS
Notes: PS = Point source by point source approach; OW = National/overview approach;

X - Release pathways expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.
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4.3.3
111.

112.

Production of other minerals and materials with mercury impurities

This category covers the following main sub-categories:

Cement production, including mercury in lime, waste as fuel and other feedstock materials;

Pulp and paper production, including mercury impurities in wood, other fuels and caustic
soda, and in some cases mercury-based slimicides;

Production and processing of other raw materials, including production and use of lime,
light weight aggregates, mineral fertilisers, and others.

The main pathways of releases of mercury and the recommended inventory approach for each

of these sub-categories is indicated in the table below.

Table 4-4 Production of other minerals and materials with mercury impurities: sub-categories with

primary pathways of releases of mercury and recommended inventory approach

Main category - Production of other minerals and materials with mercury impurities

Waste/ Main in-
Chapter Sub-category Air Water Land |Product aste ventory
residue
approach
5.3.1 | Cement production X X X X PS
5.3.2 | Pulp and paper production X X X X PS
53.3 |Lime produptlon and light weight X X PS
aggregate kilns
5.3.4 | Others minerals and materials PS
Notes: PS = Point source by point source approach; OW = National/overview approach;
X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.
4.3.4 Intentional use of mercury in industrial processes
113.  This category covers the following main sub-categories:
e  Chlor-alkali production with mercury-technology;
e VCM (vinyl-chlorid-monomer) production with mercury-dichloride (HgCl,) as catalyst;
e Acetaldehyde production with mercury-sulphate (HgSO,) as catalyst;
e Other production of chemicals and polymers with mercury compounds as catalysts.
114.  The main pathways of releases of mercury and the recommended inventory approach for each

of these sub-categories is indicated in the table below.
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Table 4-5 Intentional use of mercury as an auxiliary material in industrial processes: sub-categories

with primary pathways of releases of mercury and recommended inventory approach

Main category — Intentional use of mercury as an auxiliary material in industrial processes

Waste/ | Main in-
Chapter Sub-categories Air Water | Land |Product . ventory
residue
approach
541 Chlor-alkali production with mer- X X X X X PS
cury-technology
VCM (vinyl-chloride-monomer)
5.4.2 |production with mercury-dichloride X X X PS
(HgCl,) as catalyst
543 Acetaldehyde production with mer- 9 9 9 9 9 PS
cury-sulphate (HgSO,) as catalyst
Other production of chemicals and
54.4 |polymers with mercury compounds ? ? ? ? ? PS
as catalysts
Notes: PS = Point source by point source approach; OW = National/overview approach;

4.3.5
115.

X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

Consumer products with intentional use of mercury

This category covers the following main sub-categories given below. The category includes

products that may be used by broader groups (and may be subject to public waste handling proce-

dures).

It also includes releases from production, use and disposal.

Thermometers containing mercury, including medical thermometers, other glass thermome-
ters (used in laboratories, for educational purposes, etc.) and other mercury thermometers (in-
dustrial, marine diesel engines, etc.);

Electrical and electronic switches, contacts and relays with mercury, including:

- Level switches in sewer pumps, water pumps, car boot lids (lighting), car ABS sensors, car
ride-control systems, freezers lids, fall alarms for the elderly, railway signals, lights in
children's shoes, etc.,

- Multiple pole level switches in excavation machines,

- mercury-wetted contacts (in electronics),

- Data transmission relays or "reed relays",

- Thermo-switches, etc.;

Light sources with mercury, including:

- Linear fluorescent lamps,

- Compact bulbs (small energy saving fluorescent lamps),

- Street advertisement with fluorescent tubes,

- Other mercury-containing lamps (Hg-lamps and Na-lamps for street lighting, UV lamps for
skin tanning, light source in LCD flat screens for TV and computers, laboratory atomic
absorption spectrometry lamps, head lamps in some car brands, etc.);

Batteries containing mercury, including:

- Mercury oxide batteries (cylindrical and button),

- Alkaline cylindrical cells (containing mercury). (Note: in recent years mercury content in
cylindrical alkaline cells has been reduced/eliminated in many battery brands.),

- Button shaped cells of most types (containing mercury);

Biocides and pesticides, including seed dressing, sugar cane seedling dip and other pesti-
cides;
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116.

Paints, including some latex paints and possibly other paints containing mercury compounds
as biocides for shelf life preservation;

Pharmaceuticals for human and veterinary uses, including vaccines, eye drops, some
herbal medicines, disinfectants, etc.;

Cosmetics and related products, including skin lightening creams and soaps, preservation in
eye cosmetics, etc.

The main pathways of releases of mercury and the recommended inventory approach for each

of these sub-categories is indicated in the table below.

Table 4-6 Consumer products with intentional use of mercury: sub-categories with primary pathways

of releases of mercury and recommended inventory approach

Main category - Consumer products with intentional use of mercury

Waste/ Main in-
Chapter Sub-category Air Water | Land |Product . ventory
residue
approach
5.5.1 | Thermometers with mercury X X X X X oW
559 Electrical and electromc switches, X X X X X oW
contacts and relays with mercury
5.5.3 |Light sources with mercury X X X X X oW
5.5.4 |Batteries containing mercury X X X X X ow
5.5.5 |Biocides and pesticides X X X X X ow
5.5.6 |Paints X X X X X ow
557 Pharmaceutlcals for human and vet- X X X X X oW
erinary uses
5.5.8 | Cosmetics and related products X X X ow
Notes: PS = Point source by point source approach; OW = National/overview approach;

4.3.6
117.

X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

Other intentional products/process uses

This category covers the following main sub-categories given below. It includes releases from

production, use and disposal.

Dental amalgam fillings;

Manometers and blood pressure gauges, including:

- Blood pressure gauges,

- Other manometers/pressure controls for industrial uses, for educational purposes, district
heating pressure valves (such pressure controls may contain hundreds of kilos of mercury
per control valve), etc.;

Laboratory chemicals and equipment, including:

- Special laboratory apparatus (Coulter Counters etc.),

- Chemical reactants for COD analysis, Kjeldahl analysis (nitrogen analysis),

- Electrodes for physio-chemical measurements, such as calomel electrodes and others;

Ethnic/cultural/ritualistic uses, including mercury metal use in religious/ethnic/cultural ritu-
als and practices and folklore medicine;
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118.

Other mercury metal uses, including:

- Educational uses,

- Gyroscopes with mercury;

- Vacuum pumps with mercury

- Marine navigation lights in light houses (in some types the lens/lamp unit floats on
mercury),

- Mercury in large bearings of rotating mechanic part in for example older waste water
treatment plants;

Miscellaneous products, including:

- Infra-red detection semiconductors,

- Tanning,

- Pigments,

- Browning and etching steel,

- Certain colour photograph paper types,
- Recoil softeners in rifles,

- Explosives (mercury-fulminate a.o.),

- Fireworks,

- Executive toys;

The last two sub-categories, other mercury metals and miscellaneous products, covers a large

range of uses that have been reported and are 1) either known to be generally small uses (low con-
sumption), or 2) uses with very little data available. These uses can not, however, be ruled out as po-
tentially important release sources locally or nationally

119.

The main pathways of releases of mercury and the recommended inventory approach for each

of these sub-categories is indicated in the table below.

Table 4-7 Other intentional products/process uses: sub-categories with primary pathways of releases
of mercury and recommended inventory approach
Main category - Other intentional products/process uses
Waste/ Main in-
Chapter Sub-category Air Water | Land |Product . ventory
residue
approach
5.6.1 |Dental mercury-amalgam fillings X X X X ow
5.6.2 |Manometers and gauges X X X X X ow
5.6.3 |Laboratory chemicals and equipment X X X X ow
564 Mercury metal use in r.ehglous ritu- X X X X X oW
als and folklore medicine
565 Miscellaneous product uses, mercury X X X X X oW
metal uses and other sources
Notes: PS = Point source by point source approach; OW = National/overview approach;
X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.
4.3.7 Production of recycled metals ("secondary" metal production)
120.  This category covers the following main sub-categories:

Production of recycled mercury ("secondary" metal production), including the collection
and processing involved in recycling of mercury;
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e Production of recycled ferrous metals (iron and steel), including the collection and process-
ing involved in recycling of iron and steel (such as scrap yard handling, scrap auto smelting,
shredder, re-melting furnace).

e Production of other recycled metals.

121.  The main pathways of releases of mercury and the recommended inventory approach for each
of these sub-categories is indicated in the table below.

Table 4-8 Production of recycled metals: sub-categories with main pathways of releases of mercury
and recommended inventory approach

Main category - Production of recycled metals

Waste/ Main in-
Chapter Sub-category Air Water | Land |Product . ventory
residue
approach
571 P"roductlon of recyclgd mercury X X X X X PS
("secondary production)
579 Productlon of recycled ferrous met- X X < X PS
als (iron and steel)
5.7.3 | Production of other recycled metals X X X X PS
Notes: PS = Point source by point source approach; OW = National/overview approach;

X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

4.3.8 Waste incineration

122.  This category covers the following main sub-categories:

e Incineration of municipal/general waste - mainly domestic (household and institution)
waste, which may contain mercury from both intentional uses of all kinds as well as from im-
purities in various high volume materials);

e Incineration of hazardous waste - usually combustible wastes collected separately, which
may contain mercury from intentional uses (e.g. pesticides, paints, pharmaceuticals, organic
mercury compounds) as well as general mercury impurities;

e Incineration of medical waste — usually waste representing hygienic risk from hospitals, etc.,
which may contain mercury from intentional uses in the medical sector (thermometers, batter-
ies, pharmaceuticals, dental material with fillings etc.) as well as general mercury impurities.
Medical waste is sometimes incinerated in separate incinerators, sometimes in selected mu-
nicipal waste incinerators equipped for the purpose;

e Sewage sludge incineration - much of the mercury in wastewater (originating from all sorts
of mercury uses, but often dominated by dental amalgam wastes) ends up in the sewage
sludge. - If not spread on farmland as fertiliser, sewage sludge may sometimes be incinerated
in separate incinerators, sometimes in municipal waste incinerators;

e Informal waste incineration - private or local informal waste incineration in open fire, bar-
rels, domestic heating ovens, etc.

123. It should be kept in mind that the original input of mercury to waste incineration is the mer-
cury present in products with intentional use of mercury and production wastes containing mercury, as
well as other products with mercury impurities (virtually "all materials" contain trace amounts of mer-
cury). Mercury contributions to waste from intentional product and process uses, as well as certain
other waste types, are sought estimated under the respective product and use sub-categories of this
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Toolkit. The waste disposal step does, however, for many such products and materials represent a po-
tentially major mercury release activity in their life-cycle.

124.  The main pathways of releases of mercury and the recommended inventory approach for each
of these sub-categories is indicated in the table below.

Table 4-9 Waste incineration: sub-categories with primary pathways of releases of mercury and rec-
ommended inventory approach

Main category — Waste incineration

Waste Main in-
Chapter Sub-category Air Water | Land |Product . ventory
/residue

approach

531 Incineration of municipal/ X X X X X PS
general waste
5.8.2 |Incineration of hazardous waste X X X PS
5.8.3 |Incineration of medical waste X X X PS
5.8.4 | Sewage sludge incineration X X X PS
5.8.5 |Informal waste incineration X X X ow
Notes: PS = Point source by point source approach; OW = National/overview approach;

X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

4.3.9 Waste deposition/landfilling and waste water treatment

125.  This category covers the following main sub-categories:

e Controlled landfills/deposits, i.c. deposition of waste under controlled procedures (based on
risk assessments), and retention of pollutants in the waste, including:
- Domestic (household and institutional) waste,
- Medical/hazardous waste,
- Solid combustion/incineration residues,
Wastewater sludge;

o Diffuse deposition under some control, such as deposition of incineration residues and other
solid residues under roads, in constructions, etc. under controlled procedures (based on risk as-
sessment) and with some retention of pollutants from wash-out, etc.;

¢ Informal local deposition of industrial production waste, such as chlor-alkali production
waste, chemicals production waste, and other waste (on production site or elsewhere);

e Informal dumping of waste, i.e. uncontrolled, informal dumping of general waste diffusely
or at informal waste dumps;

e Waste water system/treatment, - where any mercury in wastewater (originating from all
sorts of mercury uses, but often dominated by dental amalgam wastes) ends up in the sewage
sludge, and to a lesser degree in the output water.

126. It should be kept in mind that the original input of mercury to waste is the mercury present in
products with intentional use of mercury, products with mercury impurities ("all products"), and pro-
duction wastes containing mercury. The waste disposal step does, however, for many such products
and materials represent a major mercury release activity in their life-cycle.

127.  The main pathways of releases of mercury and the recommended inventory approach for each
of these sub-categories is indicated in the table below.
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Table 4-10 Waste deposition/landfilling and waste water treatment: sub-categories with primary path-
ways of releases of mercury and recommended inventory approach

Main category - Waste deposition/landfilling and waste water treatment

Waste/ Main
Chapter Sub-category Air Water | Land |Product . inventory
residue
approach
5.9.1 |Controlled landfills/deposits X X X X ow
592 Diffuse deposition under some con- X X X X oW
trol
593 quormal 100?11 deposition of indus- X X X PS
trial production waste
59.4 |[Informal dumping of general waste X X X ow
5.9.5 | Waste water system/treatment X X X OW/PS
Notes: PS = Point source by point source approach; OW = National/overview approach;

X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

4.3.10 Crematoria and cemeteries

128.  This category covers the following main sub-categories:

e Crematoria;

e Cemeteries.

129.  The main pathways of releases of mercury and the recommended inventory approach for each
of these sub-categories is indicated in the table below.

Table 4-11 Cremation and cemeteries: sub-categories with primary pathways of releases of mercury
and recommended inventory approach

Main category - Cremation and cemeteries

Waste/ Main
Chapter Sub-category Air Water | Land |Product . inventory
residue
approach
5.10.1 |[Crematoria X X ow
5.10.2 |Cemeteries X oW
Notes: PS = Point source by point source approach; OW = National/overview approach;

X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

4.3.11 Identification of potential hot-spots

130.  This main category has some overlap with some of the waste deposition sub-categories, but
focuses on previously deposited mercury that still has a potential for significant releases and risks to
humans and the environment.

131.  Hot-spots exist as the direct result of disposal practices as described in sections 5.9.3 and 5.9.4
or of inadequate disposal of contaminated materials. Release from these sites may already be ongoing
or can be expected to begin if no remedial action is taken. Table 4-12 below describes an indicative
list of locations where hot-spots for mercury can potentially be found.
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132.

133.

134.

Hot-spots may be linked to an existing production process, and releases may be ongoing from
processes on-site or from historical activities. Other potential hot-spots are reservoirs where mercury
containing materials have been stored, dumped or accumulated over many years. In these cases the
release may be ongoing, imminent or only potentially threatening in the future. Identification of such
sites can in some case be difficult.

Site-specific evaluation of each hot-spot should determine its current status: immediate threat
or potential for releases in the future. In either case the site should be registered.

The main pathways of releases of mercury and the recommended inventory approach for each
of these potential hot-spots is indicated in the table below.

Table 4-12  Potential hot spots: sub-categories with primary pathways of releases of mercury and rec-
ommended inventory approach
Main category - Potential hot spots
Waste/ Main
Chapter Sub-category Air Water | Land | Product . inventory
residue
approach
Closed/abandoned chlor-alkali production X X X X PS
sites
Other sites of former chemical production
where mercury compounds are/were pro-
duced (pesticides, biocides, pigments X X X X X PS
etc.), or mercury or compounds were used
as catalysts (VCM/PVC etc.)
Closed production sites for manufacturing
of thermometers, switches, batteries and X X X X X PS
other products
Closed pulp and paper manufacturing sites
(with internal chlor-alkali production or X X X X PS
former use of mercury-based slimicides)
Ta.ul.lngs/remdue deposits from mercury X X X X X PS
mining
Tailings/residue depos.lts. from artisanal X X X X PS
and large scale gold mining
Tailings/residue dep(?s1ts from other non- X X X X X PS
ferrous metal extraction
Sites of relevant accidents X X X X PS
Dredging of sediments X X X X PS
Sites of discarded district heating controls
(and other fluid controls) using mercury X X PS
pressure valves
Snltes of pre\v/vlous recycling of mercury X X X X X PS
("secondary" mercury production)

Notes:

PS = Point source by point source approach;

OW = National/overview approach;

X - Release pathway expected to be predominant for the sub-category;

x - Additional release pathways to be considered, depending on specific source and national situation.
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4.4  Step 3: Data gathering and quantification of mercury releases

135.  In the third step of the process, a quantitative inventory is developed. Activity volume data
("activity rates") and process-specific information and data are gathered to be used to calculate esti-
mated mercury releases from the identified mercury release sources in the country (or region) in ques-
tion. In this section, the involved data types are first presented, then general advice on data gathering
is given in section 4.4.5. It should be emphasized that data gathering is not limited to this step of the
procedure, but may be necessary throughout the process of developing the mercury inventory.

136.  As a preliminary step, it may be considered to create an interim inventory to support the pri-
oritization of the further work and initiate communication with inventory participants/reviewers. An
interim inventory may present the identified source sub-categories along with indication of their rela-
tive importance. A preliminary impression of the relative importance - magnitude of mercury releases
- of the identified source sub-categories can be formed by gathering and applying activity volume data
(see below) and/or other relevant information such as the approximate number and size of facilities in
a particular industry, approximate number of people engaged in a particular activity, such as gold min-
ing, or similar. An interim report can be developed with outline as described in section 4.5.3.

4.4.1 Quantification principles
Basic quantification equation

137.  The basic aim of the Toolkit is to enable an estimation of the average annual release to each
pathway or vector (air, water, land, products, general waste, sector-specific waste treatment) for each
release process identified. The estimate can be calculated using the following basic equation:

EQUATION 1:

Estimated mercury

_ - o 5 C e
release to pathway X activity rate * input factor * output distribution factor for pathway X

138.  In other words, the annual estimated mercury releases for each pathway is calculated by:

M Multiplying the amount of feed material processed or product produced per unit of time (e.g.
tons or pieces per year) — referred to as the activity rate - with

M An “input factor”. For sub-categories with only one life-cycle phase (such as coal combus-
tion) the input factor is the mercury content (e.g,. in grams of Hg) per unit of feed material
processed. For sub-categories with more than one life cycle phase (such as battery produc-
tion), the input factor is defined for each phase. For example, the input factor for the produc-
tion phase is amount of mercury released per metric ton of batteries produced or product pro-
duced (e.g., metric ton or piece) — referred to as the input factor —

M and the fraction or part (unit-less) of the mercury input that is released through the particular
pathway (air, water, land, product, general waste, or sector specific waste treatment) - referred
to as the output distribution factors.

139.  However, it is important to note that the input factors for many sub-categories are more com-
plicated than defined above. For sub-categories with only one dominant life-cycle phase (such as coal
combustion or waste incineration) the input factor is the mercury content (e.g. in grams of mercury)
per unit of feed material (e.g. coal, waste, etc.) processed. For sub-categories with more than one life-
cycle phase (such as batteries or thermometers containing mercury) the input factors are more compli-
cated and must be defined for each phase.
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140. It is also important to make sure that the units for activity rate, input factors and releases are
appropriately used in the calculations. If the units are not consistent (and do not result in correct
mathematical results), conversion factors must be used to convert the units correctly, to assure that
units follow proper mathematical calculations. The mercury releases per year should be calculated and
presented in kg (or metric tons) of mercury per year for each relevant pathway (such as kg of mercury
emitted to air per year). Note that, in the source description sections in chapter 5, input factors are pre-
sented in the most relevant (metric) units to enhance readability. Make sure that these units are con-
verted to the right level of magnitude to result in releases in Kg in the reporting.

141. In this Toolkit, it is suggested to assess and present all mercury releases individually to pro-
mote transparency and a uniform procedure. On the summary level of the inventory report, all the re-
leases to a specific pathway are summed up for each source sub-category (and main category). This is
done for each of the pathways relevant for the life-cycle of the sub-category in question. See the ex-
ample given below, and section 4.5 on presentation of the inventory.

National overview or point source approach

142.  For some sub-categories, the actual sources may be a limited number of well-defined point
sources (with a specific geographical position), often with individual plant-specific characteristics. In
such cases, the point source approach is applied. The estimate of total national (or regional) releases
from this sub-category is calculated as the sum of the mercury releases (calculated with equation (1))
for each individual point source present nationally (or regionally).

143. Sub-categories where a point source approach might be most optimal include, among others,
large coal fired power plants, municipal waste incinerators, chlor-alkali production and cement pro-
duction.

144.  For other mercury sources, a point source approach might not be relevant, might be difficult to
implement, or just not optimal. Instead, an overview approach can be applied. This is the case for
sources, where releases are not confined to a specific geographical position (sometimes also called
"area sources"), sources where the available data are inadequate to perform an inventory with the point
source approach, or sources where the point sources are operated under very similar conditions. In
such cases the total national (or regional) releases from the sub-category may be calculated using na-
tional (or regional) activity rate numbers combined with general mercury input factors and output dis-
tribution factors, or by extrapolating releases from a few well documented point sources to the national
or regional scale (using point source and national activity rates to scale up the release estimates).

145.  Sub-categories where an overview approach is recommended include, among others, residen-
tial coal combustion, disposal of mercury thermometers, cremation and landfills.

146.  In order to assist users of the Toolkit to estimate the releases from individual sub-categories,
the main, recommended approach for each sub-category is indicated in the sub-category overview ta-
bles in section 4.3 and chapter 5. The point source approach is abbreviated "PS" and the overview
approach is abbreviated "OW" in these tables.

Calculation of individual releases throughout the life-cycle

147.  Within a specific sub-category, the releases from the relevant phases in the life-cycle are cal-
culated individually, but described in the same section of the inventory report.

148.  For each source sub-category described in chapter 5, an indication is given of the main release
potentials for each phase throughout its life-cycle (production - use - disposal) and to which environ-
mental media the releases are likely to happen. The information is given both in the text and in a ta-
ble, as shown below.
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Table 4-13  Example of an overview table indicating main releases and receiving media in the life-cycle
of a product or service (here for batteries with mercury)

Prod- | General Sector specific
Phase of life cycle Air Water | Land treatment/
ucts waste .
disposal
Production X X X X X
Use
Disposal X X X X *1

Notes: *1:  Separately collected batteries containing mercury (or categorized under sorting as
such) may be disposed of in specially secured landfills;
X - Release pathway expected to be predominant for the sub-category;
x -  Additional release pathways to be considered, depending on specific source and na-
tional situation.

149. It should be noted that within a specific sub-category, a point source approach may be best for
estimating releases from the production phase, while the overview approach may be most suitable for
the use and disposal phases. This is, for example, the case for mercury thermometers, where a country
may only have one or a few thermometer factories, but where mercury thermometers (including im-
ported thermometers) are used for a variety of purposes spread on the whole geographical area of the
country, and are broken or disposed of locally.

Examples of calculation of mercury releases

150.  Section 4.4.7 displays three examples of calculations of inputs and outputs for selected source
categories. In the examples, the following table is used to sum up the results from the calculations. The
table enables the presentation - in summary - of all the data included in the calculations, and the results
of the calculations.

Table 4-14  Example of a possible table presenting, in summary, the estimated mercury releases for a
specific sub-category

Sum of releases

to pathway from

assessed part of
life-cycle

[Sub-category name] Unit | Production Use Disposal

Activity rate -
Input factor for phase*1 -
Calculated input to phase *2 -

Output distribution factors for phase: *3
- Air -
- Water -
- Land -
- Products -
- General waste treatment -
- Sector specific waste treatment -

Calculated outputs/releases to: *4
- Air

- Water

- Land

- Products

- General waste treatment

- Sector specific waste treatment

Notes: *1 [(Cross) reference to where input factors where taken from or how they were developed];
*2 Sub-calculation for use in the reporting with formula "Input = input factor * activity rate" for each phase;
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*3 [(Cross) reference to where input factors where taken from];

*4 Calculated with equation (1) for each of the pathways within each phase, for example: Mercury
release to air from production = activity rate production * input factor production * output
distribution factor to air for production.

4.4.2 Use of activity rates

151.  As mentioned above, the activity rate is a parameter describing the volume of the activity in
the sub-category in question per unit of time (usually per year).

152.  The choice of activity rate basis will vary between sub-categories, because in different sub-
categories, different activity rates may best describe what the volume of the activity is, and certain
data may be more easily available from public statistics or other sources.

153.  For example, the input of mercury with coal is most directly calculated by multiplying the
concentration of mercury in the coal used (gram mercury per metric ton of coal), with the consumption
of the same coal (metric ton coal per year). Remember here to observe if the weight basis is "dry mat-
ter" or other.

154.  On the other hand, for mercury thermometers, the best-known data are mercury content per
thermometer (gram mercury per piece) and the number of thermometers consumed or produced per
unit of time (such as pieces per year).

155.  In order to assist users of the Toolkit to estimate the releases from individual sub-categories,
the activity rate data types needed for the quantitative inventory calculations are listed in the individual
sub-category descriptions in chapter 5, along with the type of mercury input factors. The information
is structured in overview tables like the example given below.

Table 4-15  Example of an overview table indicating activity rate data and mercury input factor types
needed to estimate releases from a specific sub-category (here for batteries with mercury)

Life-cycle phase Activity rate data needed Mercury input factor
Production Metric tons of. batteries produced Kgof mercury.released per metric
per year (in the country) ton of batteries produced *2
Use Not needed (Releases negligible) Not needed (Releases negligible)

i ) Kg of mercury disposed or released

) Metric tons of batteries consumed g . Y Esp .

Disposal . per metric ton of batteries consumed
(or disposed) per year *1 3

Notes: *1  As a substitute for metric tons disposed of per year. If good estimates of amounts of batteries
disposed of exist, these should preferably be used. In times of changing consumption, the two
numbers differ from each other;

*2  Kg of mercury released per metric ton of batteries produced = amount of mercury input
(kg mercury) used to produce each metric ton of batteries multiplied by the percent of input
mercury that is released during this phase of the life cycle”;

*3  This input factor can also be defined as kg of mercury in each metric ton of batteries
multiplied by the percent of this mercury that is released from disposal phase of the life

cycle. If one assumes that eventually all the mercury in the batteries is eventually released to
some media, than the “percent of mercury released” can be assumed to 100%.

156.  In some cases, data on the proposed activity rate basis may not be available (or may be diffi-
cult to obtain) in a country. In such cases, it may be possible to derive activity rates to the proposed
units using alternative input data and conversion data (or conversion factors). In the example with
coal, the coal consumption in metric tons per year may not be available, but primary energy produc-
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tion numbers (such as MW primary energy per year) from the power plants may be available. In this
case, the activity rate data can be derived using available data on energy content in the coal type(s)
being used (such as MW per metric ton). It is crucial to ensure that these conversions are made on the
proper basis, preferably primary energy content (total chemical energy content in dry coal). For further
description, see US EPA (2002a), and consult energy production experts.

157.  In the example with thermometers, if numbers of sold thermometers are not available, perhaps
data on the value or the weight of the consumed thermometers is available and can be used as the ac-
tivity rate. Again, alternative input data and conversion factors/data are needed.

158.  For many source sub-categories, examples of such alternative data and conversion factors/data
are available in the literature. Otherwise, they may be obtained through direct contact with the sector
in question, such as an industry trade association (or possibly other knowledgeable organizations), as
part of ones own investigations. Unfortunately, it has not been possible to provide comprehensive in-
formation on such conversion data in this Toolkit.

Definition of consumption

159. It is important to note that "consumption" of a product or material per year in a country or re-
gion is defined as given in equation (2), where yearly production, imports and exports refer to the
same country or region:

EQUATION 2:

Consumption per year = Production + Imports — Exports (per year)

Disposal may reflect consumption from earlier years

160.  The calculation of mercury outputs from disposal should ideally be based on total product
amounts being disposed of in the year in question, but often such data are not readily available, and
consumption numbers are therefore used instead as best estimates. As a default, current consumption
can be used. In cases where the consumption pattern is changing rapidly, consumption numbers from
previous years (an average product life-time earlier) may be preferred, if available. For a number of
products, disposal takes place some (or many) years after it was purchased (consumed).

Use elemental mercury basis for compounds

161.  For sub-categories where mercury compounds are applied, calculations should be based on
activity rates and input factors converted to elemental mercury content. For this conversion, data on
atomic weights for the compound(s) in question versus atomic weight for elemental mercury should be
applied, as shown in equation 3:

EQUATION 3:
Content _ Weight of Hg- , _ # of Hg atoms in compound molecule * atomic weight of Hg
of Hg compound (atomic weight of compound molecule)

Notes: "#" means number.

162.  As an example, the content of elemental mercury in 1 kg of the compound diphenylmercury
(molecular formula Ci,H;oHg) can be calculated as follows:

Content lkg 1% 201 "¢/mol
= ~  ~0.566kg H
of Hg CuHiHg (12 % 12.0+ 10 * 1.01 + 1 * 201) &mPound/ oy 858

163.  Atomic weight can be found in good versions of the Periodic System, and molecular formulas
must be sought in chemical handbooks or on relevant Internet sites such as
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http://www.chemfinder.com and http://www.inchem.org/ , public product registers such as
http://www.spin2000.net , or chemical suppliers’ sites such as http://www.sigmaaldrich.com .

4.4.3 Choice of mercury input factors

164.  As mentioned above, the mercury input factor is simply defined as the mercury content (for
example in gram Hg) per unit of feed material processed or product produced (for example metric ton
or piece) as relevant for the individual source type. However, as described in sections 4.4.1 and 4.4.2
above, the input factors for sub-categories with more than one life cycle phase are a bit more compli-
cated. Nonetheless, examples of mercury inputs to each release source type are - to the extent data has
been available - presented in the source description sections in chapter 5. The examples are derived
from easily available literature, and reflect conditions prevailing at the place and the time they were
observed. In chapter 5, time and origin of the data is generally described along with the data given.

165. It is important to note that, for certain source sub-categories, the mercury input factors change
over time. Significant examples of this are consumer products that over recent years have been subject
to a regulatory pressure towards reduction - or elimination - of mercury content, such as batteries and
light sources.

166.  Similarly, the mercury input factors vary with geography. Changes in mercury content in
products have not happened at the same speed in all regions of the world. Also, for natural raw materi-
als - including fuels - mercury concentrations vary considerably with geographical location due to dif-
ferences in geology and, for some sources, also due to previous anthropogenic mercury deposition
loads.

167.  Thus, the choice of mercury input factors may have significant effects on the release estimates
calculated. Some recommendations with regards to choosing mercury input factors include:

e For quick, rough first estimates of mercury releases for a sub-category, the default input fac-
tors as presented in chapter 5 may be used; unless the default input factors clearly do not re-
flect the prevailing conditions. It should be noted that, as described in section 4.1.1, the de-
fault factors defined in this draft Toolkit are preliminary and subject to future revisions.

e In cases where a mercury input example factor is given that is judged to reflect the prevailing
conditions better than the default input factor(s), this can be used for the release calculations.
The same is the case for sub-categories for which no default distribution factors are presented
in this Toolkit.

e  Where your own well-documented, valid mercury input data are available, or can be obtained
given available resources, their use in the inventory calculations is highly recommended in-
stead of the default, or example, factors.

e In all cases, an input factor should be chosen that seems to best represent the sub-category un-
der investigation. Also, the input factors used and their background should be explicitly noted
in the inventory report. This will facilitate later updating of the inventory, enable external
evaluation of the inventory and enhance comparability between inventories.

168.  Whatever input factors (as well as other data) are chosen, it may be appropriate to review
and/or confirm these factors/data for local/national conditions before major decisions are taken on im-
plementation of mitigation initiatives.

169.  In order to assist users of the Toolkit to estimate the releases from individual source sub-
categories, advice on main source specific data is given under a separate sub-heading for each sub-
category described in chapter 5.
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4.4.4 Choice of output distribution factors

170.  As mentioned above, output distribution factors are the relative shares of the inputs that fol-
low the output pathways relevant in the individual case. Examples of output distribution factors for
each of the mercury release source types are - to the extent data has been available - described in chap-
ter 5. Like for input factors, these examples are derived from easily available literature, and reflect
conditions prevailing at the place and the time they were observed. In chapter 5, time and origin of
data are generally described along with the data given.

171.  Recalling from section 4.1.1 above, the output pathways include:

e Direct releases to the atmosphere (air);
e Direct releases to aquatic environments (water);
e Direct releases to land (terrestrial environment, including ground water);

e Flows of mercury as an impurity in marketed products (for example gypsum wallboard pro-
duced from solid residues from flue gas cleaning on coal fired power plants);

e Flows of mercury to the public waste water treatment system;
e Flows of mercury to the general waste treatment system;
e Flows of mercury to sectors specific waste treatment or disposal systems.

The principles applied in this "output pathway" vary between the sectors; it may for example
involve separate collection and recycling, special safe deposition for high concentration mer-
cury waste, or use of low concentration residues in road construction or other similar activi-
ties. To distinguish such disposal activities from uncontrolled "direct releases to land", the first
mentioned should be characterized by an element of evaluation by risk assessments or in-
formed acceptance from the authorities. Knowledge of the actual treatment or disposal taking
place should always be noted in the developed inventory reports.

172. It should be noted that uncontrolled, informal or illegal deposition or incineration of waste on
manufacturing sites or other places, with no evaluated mercury retention, is considered as direct re-
leases to land, atmosphere and water, as relevant.

173.  Note also that in the source description sections, a distinction between direct release to water
and releases to the waste water system is not made. This is because the distribution between these two
pathways is so variable among countries and local conditions that it is difficult to state anything gen-
eral about it in a global perspective. When performing the inventory, it must therefore be noted for
each source quantified, if the water releases are discharged directly, or to the waste water system. For
some countries it may not be relevant, or it may be complicated to make the distinction between direct
releases to water, and releases to waste water treatment. In such cases they can be treated as one output
pathway.

174.  Marketing products and materials with intentional mercury contents is not considered a release
pathway in the Toolkit context. Marketed mercury amounts with such products and materials are how-
ever dealt with extensively in the source description sections (Chapter 5), and must also be quantified
in the inventory in order to estimate mercury releases to the environment. Examples of such products
and materials are mercury thermometers, batteries and metallic mercury.
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General key factors for the distribution of mercury outputs

175.  For point sources like coal combustion, waste incineration and non-ferrous metal production,
key aspects in the distribution of outputs are often the emission reduction systems applied on the point
source. The mercury retention efficiency and other factors vary extensively depending upon the emis-
sion reduction devices used and how well they are functioning.

176.  For manufacturing facilities such as mercury-cell chlor-alkali plants, mercury thermometer
factories and battery production facilities, the magnitude of the mercury releases are very dependent
on how well a facility incorporates prevention measures, advanced clean-up measures, proper opera-
tions, and various other work practices to minimize leaks, spills, and other non-specific mercury re-
leases, or fugitive releases. For this Toolkit this concept will be called the “workplace procedures” for
mercury.

177.  Good workplace procedures could include, among others, the following: production takes
place in closed units (rather than open units); equipment is well maintained to prevent mercury losses;
the processes are monitored closely and often for mercury leaks so that leaks are detected early; de-
tected leaks are fixed immediately using proper techniques; mercury spills are carefully collected;
careful recycling of mercury wastes and losses is applied; and procedures for safe handling and storage
of mercury feedstock and wastes exist, are well-described and followed in practice.

178.  These source types may also employ release reduction systems that are somewhat similar to
systems used on “point sources”, such as filters for the production room exhaust ventilation system
(rather than being vented directly to air without being filtered); and mercury content in process water
are carefully precipitated and retained in filters (rather than being directly released to sewer system).
These source types also may have process vents that can be controlled with more classic end-of-pipe
controls such as scrubbers, carbon filters, and retorts.

179.  For consumer products with intentional use of mercury, the disposal phase is often impor-
tant for the distribution of outputs to receiving media. Disposal habits and waste management systems
vary greatly between countries and sometimes even localities. Important parameters include: The ex-
tent to which waste collecting systems exist, are well functioning, and controlled by environmental
authorities; and the extent to which mercury-bearing wastes are collected and treated separately, and
which waste treatments techniques are applied for the different waste streams.

180.  Thus, output distribution factors may vary extensively between countries and even between
localities and individual point sources. Therefore, selection of the most appropriate output distribution
factors is crucial for the accurate quantification of mercury releases.

181.  For the choice of output distribution factors, the recommendations given in section 4.4.3 for
mercury input factors also apply.

4.4.5 Gathering of data

182.  In the following sections, some basic guidance is given on the gathering of the different data
types needed for the inventory. It should be emphasized, however, that data gathering is not limited to
this step of the procedure, but may be necessary throughout the process of developing a mercury in-
ventory.

Existing descriptions of mercury release sources

183.  As a first activity in the collection of data, make sure to identify and collect any existing par-
tial inventories or descriptions of mercury sources in the country. This could for example be invento-
ries of local areas, inventories of certain industry sectors, or selected statistics on mercury releases.
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Activity rate data

184.  Main data sources are national trade and production statistics, economic statistics, energy sta-
tistics, labour statistics, international statistics, etc. They will vary in accuracy. Often customs-derived
statistics give relatively good estimates. Care should be taken with data on commodities with small
trade numbers, they are often more vulnerably to accidental misreporting (and yet they may have sig-
nificance for the mercury inventory).

185.  Other activity rate data sources are industry and trade associations and sector institutes. Data
from these organizations can be very helpful, however, it may be appropriate to cross check these data
with independent data, if feasible. Confident relationships between environmental authorities, other
institutions performing inventories and the private sector is quite advantageous in this type of work, as
it often yields much important information that perhaps cannot be obtained from other sources.

186.  Information on public waste management systems is perhaps available from the authorities in
charge of waste handling, or otherwise from the public or private companies performing waste collec-
tion and treatment.

Mercury input factors

187.  Besides data given here in the Toolkit, in existing partial inventories and in other literature,
again it is often useful to contact industry and trade associations, as well individual lead companies
and research institutions. For raw materials and fuels with mercury impurities, it may be useful to re-
quest analyses of mercury content in the materials consumed, if possible. Sometimes such data may
already exist with the stakeholders or their material suppliers.

188.  For public handling of general and hazardous waste, information on specific content of mer-
cury in waste fractions is rare. The best ways of estimating mercury inputs to waste are mercury inven-
tories on the waste sources (products etc.), as described in this Toolkit, and - if available - data on
mercury content in all the outputs from waste incineration. Companies collecting hazardous waste may
sometimes have "hands on" indicative information, or even statistics, on what types and amounts of
mercury waste they have collected. This may be useful information in the identification of which mer-
cury waste type are currently dominating the flow etc.

Output distribution data

189.  As mentioned earlier, the distribution of mercury outputs from production/manufacturing fa-
cilities may be very vulnerable to individual process configurations and conditions. Therefore, facility-
specific data are often needed to establish a more precise picture of the output/release situation. This
also applies for sector specific waste deposits.

190.  Such data may in part be retrievable from existing partial inventories (if any), local operating
and permitting records for industries, administered by the local authorities. Often, it may also be nec-
essary to request data from the industry companies themselves.

191.  Data on mercury content in the outputs/releases from waste incineration must often be re-
quested from the waste incineration plants individually. Such data can sometimes help estimate mer-
cury content in deposited waste of the same character.

192.  Obtaining mercury data is analytically challenging. Locally obtained data should be used only
if it is of adequate quality and is representative and trustworthy. This process includes carefully fol-
lowing the way the data was generated. Application of standard methods for sampling and analysis,
proven laboratory experience and good documentation are pre-requisites for valid data. If these re-
quirements are not met, then it is probably preferable to use the default release factors as provided by
the Toolkit rather than own measured data of questionable quality. When using emission factors other
than those provided in the Toolkit to estimate annual releases, this should be highlighted. Note that
extrapolating one or two source test data that may not be representative of facilities annual operations
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may not yield quality data. It is then needed to use the best available data to estimate releases using
monitoring, mass balance, emission factors and/or engineering calculations.

Incomplete data

193.  There will be data gaps in all emission inventories. Incomplete information will result in the

need to make assumptions about those sources where no specific information could be collected. Ap-
proaches will vary, but all assumptions should be transparent in order to, among others, facilitate esti-
mation for future data years and re-evaluation in the light of improved information. Two approaches

are presented:

e A “middle ground” approach assumes that missing data is distributed similarly to available
data (e.g., high vs. low emitters or state of compliance with technology requirements). For ex-
ample, with this approach an average (mean) or median factor may be used to estimate emis-
sions for plants with missing data.

e A “conservative” approach is based on a decision that it is better to overestimate emissions
rather than underestimate emissions for sources with missing data. Therefore, under a conser-
vative approach missing sources are assumed to be similar to the higher emitters. For exam-
ple, the highest (or a high) emission factor in the database or the highest emission factor of
those plants providing information could be used to generate a conservative estimate.

194.  Assumptions should be based on best judgment making use of available data, presented
clearly and reviewed externally. In some cases, additional data may be available from trade associa-
tions, equipment suppliers, regulators or experts on the industry.

Report data uncertainty

195. In most cases, precise data are hard to get or non-existent, or it may be more appropriate to
report data as intervals for other reasons, for example due to changes in a relevant time period. Gener-
ally, it is recommended to use relevant data intervals, and report them. Alternatively, the "middle
ground estimate" or conservative estimate (see above) may be reported accompanied by quantified or
estimated uncertainty of the data, for example as "15 kg Hg/year + 5 kg".

Report data origin

196.  Inall cases, it is important to report the year and the origin of data.

197.  Internal records of all data, including year, location and name of data suppliers, should be
kept, for possible future internal verification.

Confidential data

198.  In a detailed inventory, it may often be necessary to request data from individual companies
and institutions that do not want certain information to be available to the public. If necessary, such
data can be aggregated and processed to a degree where they do not reveal industry secrets, and the
data sources should be held anonymous and presented in reporting as "industry sources", "suppliers",
"producers" etc., as relevant. Data sets submitted to receivers where they may be made publicly avail-
able, including UNEP Chemicals, should be presented in such a way that specific, confidential data

can not be disclosed.

199. Internal record of the detailed, confidential data, including year, location and name of data
suppliers, should be kept (following proper confidential business information storage procedures) for
possible future internal verification.
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4.4.6 Balancing inputs and outputs of mercury for control of
quantifications

200.  For some mercury source sub-categories, it may be possible to crosscheck the mercury inven-
tory when both inputs to the society and outputs/releases are measured/quantified.

201.  This may, for example, be the case in countries where controlled waste incineration is signifi-
cant or even dominant. There, measurements of mercury concentrations in exhaust air, bottom
ash/slags and residues from flue gas cleaning may form the basis for estimates of total mercury content
in the incoming wastes. These estimates can then be compared with the sum of the estimated amounts
of mercury that lead to waste from the different mercury-bearing products. In this equation, it should
be remembered that also high volume waste with very low trace concentrations of mercury contributes
to the total mercury input. For consumer waste, however, products with intentional use of mercury will
often dominate this balance.

202.  Such balances have been performed in a limited number of countries, often in the form of a
so-called substance flow analysis/assessment ("SFA"), where a total mapping of mercury flows in the
society (and to the environment) is attempted. For references to such assessments, see the Global Mer-
cury Assessment, chapter 6 (UNEP, 2002).

4.4.7 Examples of calculations of releases from various source types

203.  In the section below, three hypothetical examples are given, illustrating how mercury releases

for a coal-fired power plant in country ABC, for a municipal waste incineration facility in country XX

and for use and disposal of mercury-containing batteries in country XYZ might be estimated, using the
information provided in this Toolkit.

4.4.7.1 Example 1 - Coal-fired power plant in hypothetical country ABC
A. Plant characteristics, available data, and other considerations
e Located in country ABC, somewhere in South America;
e General type of combustion unit: pulverized-coal-fired unit;
e Type of fuel burned: bituminous coal from Brazil (no other fuel types are burned);
e Control devices: cold-side ESP for PM control;

e Coal is pre-washed using similar technique as that used in the USA, and the waste water dis-
charge from coal-cleaning is sent to an on-site sewage treatment plant;

e Plant consumes 1 million metric tons of coal per year;

e No site specific data available for mercury concentration in coal used at plant, control device
efficiency, or efficiency of coal cleaning;

¢ Flue gas residues are deposited to normal landfill and none of them are converted to market-
able products;

e Two phases of the life cycle will be included in assessment: 1) coal pre-wash; and 2) coal
combustion. (Note: As described in section 5.1.1, coal burning facilities can be evaluated us-
ing only one phase, especially if coal pre-wash is not included. See section 5.1.1 for more de-
tails.

B. Determination of activity rate, input factors, and output distribution factors for the
different lifecycle phases
I. Phase 1 — Coal pre-wash

a) Determination of activity rate, input factors, and output distribution factors for
Phase 1 — Coal pre-wash:
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II.

Activity rate = 1,000,000 metric tons coal per year;

Input factor: Site specific data cannot be gathered due to resource limitations. Therefore, it is
decided that data in table 5-4 can be used as an estimate of mercury concentration in the coal.
Table 5-4 suggests a mean concentration of 0.19 mg mercury per kg coal for bituminous coal
from Brazil. This value is judged to be the best choice for input factor, thus, the input factor =
0.19 mg Hg/kg coal.

Total mercury input before coal pre-wash can thus be calculated as follows:

Total Activity Input Conversion Conversion
mercury rate factor factor factor .
input = 1,000,000 | * 0.19 * 1000 * 1 = kg Hg
before coal metric tons mg Hg/kg kg coal/metric kg Hg/1,000,000
pre-wash of coal coal tons coal mg Hg

Distribution factors: After reviewing information in section 5.1.1 and other reports, the mercury
reduction from coal cleaning is judged to be simliar to that used in USA, therefore, we assume
21% removal during pre-cleaning (the estimate from US EPA, 1997a). Also, all of the mercury
removed during this process is assumed to flow with wastewater to a special on-site sewage
treatment plant, assumed here to retain 100% of the mercury in the water and then convert into
solid residues.

Therefore, distribution factors for coal pre-wash to the various pathways are as follows:

Water = 0.0
Air = 0.0
Land = 0.0
Products = 0.0

General Waste (residue from waste water treatment) =  0.21 (i.e. 21% Hg removed by pre-cleaning)

b) Estimation of mercury releases to each pathway for Phase 1 - Coal pre-wash:

Using the calculated total Hg input before pre-wash and the distribution factor above for pre-
wash, the releases can be calculated as follows:

Releases to Total Disti.’ibutionfactor to
general waste _ Hyg input o | residuefromwaste | | 399 Rounded up to
landfills from water treatment kg Hg 40 kg Hg
pre-wash process 190 kg Hg 0.21

Thus, 40 kg mercury is estimated to be released during coal washing, with 100% of this amount
assumed to go to general waste landfills (residue from waste water treatment).

Phase 2 — Coal Combustion
a) Determination of activity rate, input factors, and output distribution factors for
Phase 2 — Coal Combustion:

Activity rate = 1,000,000 metric tons coal;

Input factor: 21% of mercury was removed during coal pre-cleaning, therefore 79%
(i.e., 100% — 21%) of the mercury remains in the coal. So, the mercury concentration in the coal
entering combustion (or new input factor after coal pre-wash) can be estimated as follows:

New
input factor after
coal pre-wash

Input factor before coal
pre-wash

% Hg remaining in

* | coal after pre-wash

0.19 mg Hg/kg coal

0.79

0.15 mg
Hg/kg coal
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Total mercury input to coal combustion after coal pre-wash can thus be calculated as follows:

Total Activity Input Conversion Conversion
mercury rate Sactor Sactor factor 150
inputto | =| 1,000,000 | *| 0.15 * 1000 * 1 ~| kg Hg
coal metric tons mg Hg/kg kg coal/metric kg Hg/1.000,000
combustion of coal coal tons coal mg Hg

Distribution factors: In table 5-5, US EPA reports a mean removal efficiency of 36% for cold
side ESPs, based on data from 7 plants in the USA. In table 5-6, a suggested draft default value
of 0.1 (or 10%) removal is presented for boilers with a “general ESP”. After considering options,
it is decided that the best estimate could be calculated using data from the USA for this hypotheti-
cal facility.

Based on review of the description and data presented in section 5.1.1, it is assumed that 36% of
mercury input to the combustion unit is released with flue gas cleaning residues deposited on
general waste landfills, and the remaining 64% is released to atmosphere.

Therefore, distribution factors for coal combustion to the various pathways are as follows:

Air = 0.64 (i.e., 64% Hg released to air)
General Waste (flue gas residues) = 0.36 (i.e., 36% Hg to residues)
Water = 0.0

Land = 0.0

Sector Specific Wastes = 0.0

b) Estimation of mercury releases to each pathway from Phase 2 - Coal combustion:

Using the total Hg input after coal pre-wash and the distribution factors above, the releases can be
calculated as follows:

Releases to air Total Distribution
from = Hg input % | factor to air = 96 kg Hg
coal combustion 150 kg Hg 0.64
Releases to Total Distribution
eneral waste . Sactor to flue
8 landfills = Hg input * gas residues | = 54 kg Hg
from coal combustion 150 kg Hg 0.36

Thus, 96 kg mercury is estimated released to air and 54 kg to general waste landfills (as flue gas
residues) from coal combustion after coal pre-wash at this facility.

Summary results — Total estimated releases to all pathways for all phases

Based on the above, total estimated releases to all pathways for all phases are as follows:

Air = 96 kg Hg;
Water = 0;

General waste landfills (flue gas residues) = 54 kg Hg;
General waste landfills (waste water treatment) = 40 kg Hg;
Sector specific wastes treatment = 0;

Products = 0;

Total releases to all media/pathways = 190 kg Hg.
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Alternative approaches

Two alternative, but similar approaches that can be used and which result in the same estimates
are described below.

a) Alternative #1:

This alternative approach follows same process as above, except that for phase 2, instead of re-
calculating the concentration of mercury in coal after pre-wash, the total amount of mercury re-
maining in the coal entering the combustion unit is calculated, as follows:

Total Hg input entering Total Hg input before Hg removed by
combustion unit after | = coal pre-wash - | coalpre-wash | =| 150 kg Hg
pre-wash 190 kg Hg 40 kg Hg

Then, releases to each pathway from combustion can be calculated in the same way as in calcula-
tion (5) and (6) shown above, using the distribution factors for coal combustion after pre-wash.

b) Alternative #2:

Only one phase is included in this alternative approach, combining pre-wash and combustion into
one single phase. Using this approach, the input factor would be 0.19 mg Hg/kg coal, activity
rate would be 1,000,000 metric tons coal, and the distribution factors would be adjusted to ac-
count for removal during coal cleaning as follows:

Distribution factors for alternative approach #2 can be calculated, as follows:

General waste landfills (residues from waste water cleaning) =0.21
(due to 21% Hg removal from coal pre-wash);

As 21% of the mercury has been removed, then 79% (100% — 21%) remains in the coal entering
the boiler, therefore the other distribution factors are:

Air = 0.64 *0.79=0.51; (i.e., 64% of the mercury remains in the
coal entering the combustion unit, after
pre-wash);

Residues (general wastes) = 0.36 * 0.79 = 0.28; (i.e., 36% of the mercury remains in the
coal entering the combustion unit, after
pre-wash);

Water = 0.0;

Land = 0.0;

Products = 0.0;

Then, releases to each pathway from coal combustion can be calculated in the same way as
above, using the distribution factors above, as follows:

Releases to general Total Distribution factor
waste landfills . togeneral waste
from = | (Heinput * landfills =| 39.9kgHg
coal pre-wash 190 kg Hg 0.21
Releases to air from Total Distribution factor
coal combustion after = Hg input * 1o air =| 96.9 kg Hg
pre-wash 190 kg Hg 0.51
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Releases to
(10) general waste from
flue gas residues

53.2 kg Hg

Total Distribution factor
Hg input to general waste
190 kg Hg 0.28

E. Summary table for total mercury releases from the coal-fired power plant in country ABC

Below find a table summarizing the estimated mercury releases for the example under considera-
tion, using the table suggested in section 4.4.1.

Table 4-16  Example 1 — Coal Combustion - Summary of estimated mercury releases for country ABC
Life Cycle phase Sum of releases to
Coal Combustion (power plant) - pathway from all
Coal pre-wash Coal combustion phases of life-cycle
Activity rate 1,000,000 metric tons coal 1,000,000 metric tons -
Input factor for phase 0.19 mg Hg/kg coal 0.15 mg Hg/kg coal -
Calculated input to phase 190 kg Hg 150 kg Hg -
Output distribution factors for: NA
- Air 0.0 0.64 NA
- Water 0.0 0.0 NA
- Land 0.0 0.0 NA
- Products 0.0 0.0 NA
- General waste treatment 0.21 0.36 NA
(including landfills)
- Sector specific waste treatment 0.0 0.0 NA
Calculated outputs/releases to: 0.0
- Air 0.0 96 kg Hg 96 kg Hg
- Water 0.0 0.0 0.0
- Land 0.0 0.0 0.0
- Products 0.0 0.0 0.0
- General waste treatment 40 kg Hg 54 kg Hg 94 kg Hg
- Sector specific waste treatment 0.0 0.0 0.0

Notes:

4.4.7.2

NA — not applicable.

A. Plant characteristics and site specific data

e Located in country XX, which is a developing country in Pacific Asia;

e 100,000 metric tons general waste incinerated each year;

Example 2 - Municipal waste incineration facility in hypothetical country XX

e The facility has a spray dryer (SD) and an ESP for pollutant emission control;

e Type of burner is a “mass burn” unit;

e No site specific data are available on: 1) the specific content of the type of waste incinerated;
and 2) control efficiency of the SD and ESP;

e Flue gas residues are deposited in normal landfill;

e It is determined that 1 phase of life cycle should be included (i.e., waste combustion);

e Given the uncertainties and data limitations, intervals will be used for input values and output

distribution factors.

B. Determination of activity rate, input factors, and output distribution factors

Activity rate = 100,000 metric tons waste per year;
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Input factor: Site-specific data is not available. Therefore, the information in chapter 5 of the
Toolkit is reviewed, along with general information about the types of waste disposed in country
XX, the types and amounts of waste that may contain mercury, and how that waste might com-
pare with other countries where data are available (such as the USA). After careful consideration
of available information, the waste is assumed to contain about 3 - 5 ppm mercury (4 ppm was the
typical value in the USA in 1989). Thus, the input factor for this municipal waste incineration fa-
cility is in the range of 3-5 ppm (or 3-5 mg Hg/kg) mercury in the waste.

Total mercury input to municipal waste incineration can thus be calculated as follows:

Lower-end estimate -

Total Hg Activity Input Conversion factor Conversion
input to rate Sactor factor 300
(11) municipal | = 100,000 | * 3 * 1000 * 1 =| kg Hg
waste metric tons mg Hg/kg kg waste/metric kg Hg/1.000,000
incinerator of waste waste ton waste mg Hg
Upper-end estimate -
Total Hg Activity Input . Conversion
input to rate factor Conversion factor factor <00
(12) municipal | =/ 100,000 | * 5 * 1000 * 1 =| kg Hg
waste metric tons mg Hg/kg kg waste/metric kg Hg/1.000,000
incinerator of waste waste ton waste mg Hg
Distribution factors: The following is considered when establishing distribution factors:
Data on control efficiency of the SD and ESP were not identified. The mercury reduction from
the spray dryer and ESP is assumed to be in the range of 35% - 85% (i.e. 35 - 85 % of the mer-
cury is captured by control device and the rest ends up in the flue gas residue), based on informa-
tion from similar facilities in a neighbouring country.
Therefore, lower-end and upper-end estimates for distribution factors for releases to all pathways
are as follows:
Lower-end estimate  Upper-end estimate
Air = 0.15 0.65
Flue gas residues (general waste) = 0.85 0.35
Water = 0.0 0.0
Land = 0.0 0.0
Sector Specific Waste = 0.0 0.0
C. Calculation of estimated mercury releases to each pathway (or media)
Using the calculated lower and upper end ranges for total Hg input and distribution factors above,
the releases from the municipal waste incineration plant to all pathways can be calculated as fol-
lows:
Lower-end estimate -
Releases to air Total Distribution factor
(13) from municipal = Hg input N 10 air =| 45kg Hg
waste incineration 300 kg Hg 0.15
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Releases to general Total Distribution factor to
(14) waste landfills from | _ Hg input o | Slue gas solid residues | | 255 kg
municipal waste 300 kg Hg 0.85 Hg
incineration
Upper-end estimate -
Releases to air from Total Distribution factor 325 k
15) municipal waste = Hg input * to air = H 8
incineration 500 kg Hg 0.65 g
Releases to general Total Distribution factor to
(16) waste landfills from | _ | Hginput . | Sluegas solid residues | | 175 kg
municipal waste 500 kg Hg 0.35 Hg
incineration

D. Summary results - Estimated release intervals to all pathways

Based on the above, total estimated releases to all pathways for all phases are as follows:

Air = 45to 325 kg Hg
Waste water = 0

General waste landfills (flue gas residues) = 175 to 255 kg Hg
Sector specific waste treatment = 0

Products = 0

Total releases to all media/pathways = 300 to 500 kg Hg.

E. Summary table for total mercury releases from a municipal waste incinerator in country XX

Below find a table summarizing the estimated mercury releases for the example under considera-
tion, using the table suggested in section 4.4.1.

Table 4-17  Example 2 — Waste Combustion - Summary of estimated mercury releases in country XX

Coal Combustion Life Cycle phase - Sum of releases to pathway
(power plant) Waste Combustion from all phases of life-cycle
Activity rate 100,000 metric tons waste -
Input factor for phase 3-5 mg Hg/kg waste -
Calculated input to phase 300 to 500 kg Hg -
Output distribution factors for: NA
- Air 0.15 to0 0.65 NA
- Water(/waste water) 0.0 NA
- Land 0.0 NA
- Products 0.0 NA
- General waste treatment 0.35t0 0.85 NA
(including landfills)
- Sector specific waste treatment 0.0 NA
Calculated outputs/releases to: 0.0
- Air 45 to 325 kg Hg 45 to 325 kg Hg
- Water (/waste water) 0.0 0.0
- Land 0.0 0.0
- Products 0.0 0.0
- General waste treatment 175 to 255 kg Hg 175 to 255 kg Hg
- Sector specific waste treatment 0.0 0.0

Notes:  NA —not applicable.
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4.4.7.3 Example 3 - Batteries with mercury for hypothetical country XYZ
A. Relevant information and country specific data

e A CIS-country with economy in transition, located in the Commonwealth of Independent
States;

e One battery production plant located in the country produces 10 metric tons of mercury oxide
batteries per year, with the following characteristics:

- The production room air is ventilated to a fabric filter (FF) and a charcoal filter;

- The charcoal filter is regularly replaced and the “spent filters” are treated as hazardous
waste and deposited in special hazardous waste management locations according to Fed-
eral regulations;

- The FF residues are disposed in normal landfill;

e During the last 4-5 years, the Plant owner (Company ABC) exported an average of 7 metric
tons per year of the produced mercury oxide batteries to various countries around the world,
and the remaining 3 metric tons of the produced batteries have been marketed and used within
the country XYZ;

e Based on data/information presented in the Toolkit, it is assumed that these mercury oxide bat-
teries contain about 32% mercury by wet weight;

e The facility reports purchasing about 2.0 metric tons of elemental mercury and 1.7 metric tons
of mercuric oxide per year for input into the production process;

e No other site specific data are available for mercury capture by the FF or charcoal filter or
other factors;

e No other batteries containing mercury are produced in country XYZ;

e Over the past decade or so, about 15 metric tons of other types of mercury-containing batteries
(alkaline, silver oxide and zinc/air type batteries) have been imported and used in country
XYZ each year;

e Based on data/information presented in the Toolkit, it is estimated that the alkaline, silver ox-
ide and zinc/air type batteries contain about 1% mercury by wet weight;

e Available limited information indicates that about 5-10% of the spent batteries are collected
separately and sent to special sector specific treatment facilities;

e About 80% are disposed of in general wastes collection systems;

e The remaining 10-15% is disposed of informally.

B. Determination of activity rate, input factors, and output distribution factors for the
different life-cycle phases

I. Phase 1 - Production

a) Determination of activity rate, input factors, and output distribution factors for
Phase 1 - Production:

Activity rate = 10 metric tons batteries produced per year;

Input factor: Based on information above, the total amount of batteries produced each year (i.e.,
10 metric tons) contains about 3.2 metric tons (i.e., 32 %) of mercury. Half of this mercury (1.6
metric tons) is assumed to be elemental mercury and the other half (1.6 metric tons) is assumed to
be mercuric oxide. The company also reports purchasing 2.0 metric tons of elemental mercury
and mercuric oxide equalling an amount of elemental mercury of 1.7 metric tons of each year for
input, or a total of 3.7 metric tons mercury. Therefore, about 0.5 metric tons (i.e., 3.7 —-3.2=0.5
metric tons mercury), or 13.5%, of the total mercury input is calculated to be “lost” during pro-
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(17

(18)

(19)

(20)

duction, and 0.4 metric tons of the losses are assumed to be in elemental form and 0.1 metric tons
in mercuric oxide form.

Based on this information above, the input factor is determined to be 0.5 metric tons mercury lost per
10 metric tons batteries produced or 0.05 metric tons mercury per metric ton batteries produced;

Total mercury input from battery production can thus be calculated as follows:

Total mercury Activity rate Input factor
lost per year _ 10 " 0.05 _| 0.5 metric
from battery metric tons of batteries metric tons Hg lost/metric tons Hg
production produced per year ton batteries produced

Distribution factors:

It is estimated that 0.1 metric tons (or 20%) of the total mercury releases during production are
lost as mercuric oxide. All of this mercuric oxide release is assumed to be losses to air in the pro-
duction room. Also, most (90%) of this mercuric oxide is assumed captured by the FF. There-
fore, 18% (i.e., 0.20 * 0.90 = 0.18) is estimated released to FF residues (and ends-up in a landfill)
and 2% (i.e., 0.20 * 0.10 = 0.02) is released to atmosphere through exhaust gas stack. Note: some
of the mercury could be released to water or land, but no data on this issue is available, so it is as-
sumed it all goes to air.

We estimate 0.4 metric tons (80%) of the mercury releases are released in production room air in
elemental mercury form. We assume that most of this mercury (90%) is captured by the charcoal
filter. Therefore, we calculate that 72% (0.80 * 0.90 = 0.72) of the mercury releases during pro-
duction end-up in charcoal filter wastes (and is treated as sector specific regulated hazardous
wastes) and that 8 % (0.80 * 0.10 = 0.08) is released to the atmosphere through exhaust gas stack.

Therefore, the following distribution factors for production can be developed:

Air = 0.10 (0.02 + 0.08);
General waste (landfill) = 0.18;

Sector specific special waste treatment = 0.72;

Water = 0.0;

Products = 0.0;

Land = 0.0;

b) Calculated outputs for Phase 1 - Production:

Using the calculated total Hg input from production and the distribution factors above, the re-
leases from production of batteries can be calculated as follows:

Releases to air Total Hg input Distribution factor .
from _ 05 « _| 0.05 metric
battery production metric tons Hg 0.10 tons Hg
Releases to general waste Total Hg input Distribution factor 01 ri
landfills from battery | = 0.5 * 018 = t m"i{r ic
production metric tons Hg ' ons He
Releases to sector Total Hg input Distribution factor .
. 0.36 metric
specific waste treatments | = 0.5 * 072 = tons H
from battery production metric tons Hg : g
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Phase 2 - Use phase

a) Determination of activity rate, input factors, and output distribution factors for
Phase 2 - Use:

Very limited release can be expected during use, therefore, releases from this phase can be con-
sidered negligible and we can move on to phase 3 (disposal).

Phase 3 - Disposal

a) Determination of activity rate, input factors, and output distribution factors for
Phase 3 - Disposal:

Activity rate: About 3 metric tons of mercury oxide batteries consumed (and disposed) each year
in country XYZ, plus 15 metric tons of other types of mercury-containing batteries (alkaline, sil-
ver oxide and zinc/air type batteries) consumed (and disposed) in country XYZ each year. As no
data on disposed battery amounts are available, and consumption is considered quite stabile
through a number of years, consumption data are used as an approximation for disposal data.

Input factors: Mercury oxide batteries contain 32% mercury and the other mercury-containing
batteries listed above contain about 1% mercury. The input factors for the two types of batteries
are thus 0.32 metric tons Hg/metric ton mercury oxide batteries disposed and 0.01 metric tons
Hg/metric ton other Hg-containing batteries disposed, respectively.

Total mercury input from disposal of batteries can thus be calculated as follows:

Total Activity rate Input factor Activity rate Input factor
m.ercury 0.32 15 0.01
input 3 metric tons metric tons metric tons 1.11
‘from =| metric tons | *| Hg/metric |+ other He- *| Hg/metric ton | =| metric
disposal HgO bat- ton HgO con tainiﬁ other Hg- tons Hg
of . teries batteries ba tteriesg containing bat-
batteries disposed teries disposed

Distribution factors: As mentioned above, about 5-10% of batteries is collected separately and
sent to special sector specific treatment facilities, about 80% is disposed of with general wastes,
and 10-15% is disposed of informally.

Therefore, the following distribution factors for disposal can be developed:

Air = 0.0;

Sector specific special waste treatment = 0.10;

General wastes collection systems = 0.80;

Water = 0.0;

Land = 0.10 (disposed informally, assumed to be to land);

b) Calculated outputs for Phase 3 - Disposal:

Using the calculated total Hg input from disposal of batteries and the distribution factors above,
the releases from disposal of batteries can be calculated as follows:

Releases to sector spe- Total Hg input Distribution factor 0.1 metric
cific waste treatments = 1.11 * = )
from battery disposal metric tons Hg 0.10 tons Hg
Releases to general waste Total Hg input Distribution factor 0.9 metric
collection systems from | = 1.11 * 0.80 = ;ons Hg
battery disposal metric tons Hg '
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Releases to land
from informal
battery disposal

24

Total Hg input

Distribution factor

1.11 *
metric tons Hg

0.10

0.1 metric
tons Hg

C. Summary results - Estimated release intervals to all pathways

Based on the above, total estimated releases to all pathways for all phases are as follows:

Air =
General waste (landfills) =

Sector specific waste treatment =

Water =
Products =
Land =

Total releases to all media/pathways =

0.05 metric tons mercury;

1.0 metric tons mercury;

0;
0;

0.46 metric tons mercury;

0.1 metric tons mercury;

1.61 metric tons mercury.

D. Summary table for total mercury releases from use and disposal of mercury-containing bat-

teries in country XYZ

Below find a table summarizing the estimated mercury releases for the example under considera-
tion, using the table suggested in section 4.4.1.

Table 4-18  Example 3 — Production and use of batteries containing mercury - Summary of estimated mer-
cury releases in country XYZ

. . Life Cycle phase Sum of releases to

Bat.terles with Mercury pathway from all

mn Country XYZ Production Disposal phases of life_cycle

Activity rate

Input factor for phase

Calculated input to phase

10 metric tons batter-
ies produced per year

0.05 metric tons Hg
per metric ton of bat-
teries produced.

0.5 metric tons Hg lost
during production

3 metric tons of mercury
oxide batteries and 15 met-
ric tons of other types of
batteries consumed
0.32 kg Hg released per kg
mercuric oxide batteries
disposed of, and 0.01 kg Hg
released per kg of other
types of batteries disposed

1.11 metric tons Hg

- General waste treatment

- Sector specific waste treatment

0.1 metric tons Hg
0.36 metric tons Hg

0.9 metric tons Hg

0.1 metric tons Hg

Output distribution factors for phase: NA

- Air 0.10 0.0 NA

- Water (/waste water) 0.0 0.0 NA

- Land 0.0 0.1 NA

- Products 0.0 0.0 NA

- General waste treatment (including 0.18 0.8 NA
landfills)

- Sector specific waste treatment 0.72 0.1 NA
Calculated outputs/releases to:

- Air 0.05 metric tons Hg 0.0 0.05 metric tons Hg
- Water (/waste water) 0.0 0.0 0.0

- Land 0.0 0.1 metric tons Hg 0.1 metric tons Hg
- Products 0.0 0.0 0.0

1.0 metric tons Hg
0.46 metric tons Hg

Notes:  NA —not applicable.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005




Chapter 4 - Steps in the creation of a mercury inventory 53

4.5  Step 4: Presentation of the inventory

204.  In the fourth and final step, the mercury inventory is compiled using the results generated in
steps 1 through 3. A standardized presentation format is provided in section 4.5.2 to ensure that all
sources are considered (even if they cannot be quantified), data gaps are apparent and inventories are
comparable and transparent. The presentation of inventory data is critical and should also be harmo-
nized to allow for meaningful comparisons from one country to another.

205.  In this section, guidance on what a full inventory report should present is given first, in order
to give an understanding of the basic elements. Thereafter, suggestions for the preparation of interim
reporting, which can be useful during the inventory work, is presented.

206.  The guidance provided here is intended to assist in the assembly of reports that contain the
crucial outputs from the inventory projects in formats that are immediately useful for the intended au-
diences.

4.5.1 Key elements of the inventory

207.  The full inventory report will identify the major activities and processes leading to mercury
releases, in order to provide information on the nature and extent of processes linked to releases and to
identify those processes for which there are important data gaps that should be addressed in the future.
It will also address releases to air, water, and land, in products and residues, to the best extent possible
while recognizing that there are significant deficiencies in the coverage and quality of data in some
areas. Cases where no measured data or where no appropriate activity information (such as statistics)
are available should be highlighted for follow-up, as financial resources become available.

208.  The key elements that the inventory report should include are given below.

Summary:

209.  The summary should include a brief description of the significant releases to all relevant me-
dia for the main source categories as identified in the screening matrix. This section should also in-
clude the estimated releases for important sub-categories (in a summary table or other appropriate
format) as well as a short discussion of the principal findings. In addition, major data gaps, main re-
lease pathways and priority areas for data collection and improvements should be identified.

210.  As an additional option, releases may be presented in a separate table in an alternative break-
down on 1) mobilization of mercury impurities, 2) intentional uses of mercury, and 3) waste treatment.
This requires summations across several main categories and a re-allocation of mercury releases from
intentional mercury mining and gold and silver extraction with the mercury amalgamation method (if
present in the country).

The completed country inventory:

211.  Releases to all media calculated at the sub-category level. Numerical values are preferable;
otherwise an indication should be given of the relative magnitude of releases (i.e. a ranking). Where
no emission factors and no source specific measured data exist for the release quantification, this
should be identified. Where no known release exists, this should also be identified. If a proc-
ess/activity does not exist in a country, a phrase such as “This activity is not taking place in the coun-
try” should be introduced to show that the respective activity has been investigated, but was not pre-
sent. Similarly, in an overview table showing all potential sources, sources not present can be marked
with "NE", for "Not Existing in the country".

Source category by category summary and analysis:

212.  The bulk of a country report will consist of sections devoted to each of the categories investi-
gated and detailed in the sub-categories. Each sub-section will provide information on the basic proc-
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ess, the approaches and means used to investigate potential releases from the process and provide the
findings.

213.  Each section is expected to be relatively short to reduce the overall report size. The key in-
formation will be included for each section. It may be appropriate to separate intentional from uninten-
tional mercury releases in the final report, particularly if the intentional release information is either
qualitative or largely use data only; this only requires a slight re-grouping of source categories in that
particular part of a report. Use (consumption) information alone may in some cases be a sufficient
basis upon which to initiate reduction activities for intentional uses such as mercury products.

Detailed supporting data:

214.  In order to keep the inventory report short, this should not be included in the report itself. Lar-
ger data tables of clear relevance for the reader may be put in report appendices. Additional supporting
data should be organized and held at the country level. It is important that the detailed background
data is collected and maintained at the country level, to be available for review, further assessment and
update at a later time.

Incomplete information:

215.  Data gaps are common. Where information is incomplete, information obtained should be
used to make an estimate for the activity. If information is insufficient to completely classify all proc-
esses, a range of potential relevant releases should be presented. If conservative assumptions result in
very high estimates, further investigation may be needed.

216.  The following example illustrates the point. Initial process information indicated all plants
operated with pollution controls although the nature of the pollution controls was unclear. In such a
case, it may be appropriate to take the range of emission factors from the sub-categories for plants fit-
ted with pollution controls and exclude the emission factors for plants with no controls. This serves to
narrow uncertainty in the inventory and helps to show need for additional resources.

Conclusions:

217. A short section summarizing the following points:

e Principal sub-categories releasing mercury to each medium;
e Results and evaluations of cross-check input/output mercury balances, if performed;

e Measures in place to control these releases or expected changes to process/activities that will
substantially alter the releases;

e Main data gaps and their perceived importance;

e Priorities for further assessment, data generation, measurements or policy measures.

4.5.2 Standard outline

218. A standard outline for a full mercury inventory report is provided in section 9.1 of this Tool-
kit.

4.5.3 Spreadsheet for calculating releases

219.  To supplement this Toolkit, a separate Excel spreadsheet is available electronically, intended
to facilitate the calculation of inputs and outputs of the different source categories. Further informa-
tion on this spreadsheet is provided in section 9.2 of this Toolkit.
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4.5.4 Suggestions for interim reporting

220.

221.

Early on in the process, an interim inventory can be used to:

Invite comments and review on the initial stages of the study before extensive resources are
committed to the project;

Provide valuable initial comparative information at the national, regional and international
level;

Show the potential size of releases from the significant sub-categories; and
Prioritize needs for further data gathering efforts.

The establishment of an interim inventory can take place after the main and sub-category

sources present in country (or region) have been identified and the activity statistics have been gener-
ated (or other indications of their magnitude), but before completion of detailed information gathering
exercises.

222.

The interim inventory is designed to illustrate the potential size of releases from identified

processes and thus, for early priority setting. For each source, the resulting output will be a very rough
indicator of the size of the mercury releases.

223.

224.

An interim inventory might contain the following information:

Listing of all known sub-categories that are present in the country;

Summary tables of activity statistics for each sub-category, especially those sub-categories
that are expected to be significant within the country, and to the extent this information can be
obtained without extensive use of resources. Also, short remarks of how this information was
found or estimated should be included;

Summary table showing the range of relevant default factors by sub-category, and the range of
potential releases calculated with these default factors (activity rate multiplied by low and
high-end input and distribution factors);

[lustration of the potential ranges of releases shown as a bar chart for each sub-category based
on default emission factors.

The interim report would indicate the sub-categories that are likely to be significant sources of

mercury uses and releases in the country, and those sub-categories for which additional information is
needed, and can be used as a guide to where to place most effort in the next stages of the inventory
compilation, as needed.
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5 Detailed descriptions of sources of mercury releases
and mercury input and output factors

225.  Please note that, as it is not expected that section 5 would be read in one go, the detailed
source descriptions in each sub-section have been drafted as free-standing sections, thus entailing
some duplication of text. This approach was chosen, in order to allow a reader to find all the informa-
tion necessary for a specific source without having to cross-reference other sections for additional in-
formation.

226.  Comments on how to make use of the information in section 5 to quantify mercury releases
for a specific source are given in section 4.4. In order to facilitate use of section 5, the table of content
is duplicated below.

Section Page
5.1 Extraction and use of fuels/energy sources 58
5.1.1 Coal combustion in large power plants 58
5.1.2 Other coal use 65
5.1.3 Mineral oils - extraction, refining and use 70
5.1.4 Natural gas - extraction, refining and use 77
5.1.5 Other fossil fuels - extraction and use 82
5.1.6 Biomass fired power and heat production 83
5.1.7 Geothermal power production 86
5.2 Primary (virgin) metal production 88
5.2.1 Mercury extraction and initial processing 88
5.2.2 Gold and silver extraction with mercury-amalgamation process 90
5.2.3 Zinc extraction and initial processing 95
5.2.4 Copper extraction and initial processing 107
5.2.5 Lead extraction and initial processing 114
5.2.6 Gold extraction and initial processing by methods other than mercury amalgamation 119
5.2.7 Aluminum extraction and initial processing 123
5.2.8 Other non-ferrous metals - extraction and processing 125
5.2.9 Primary ferrous metal production 126
5.3 Production of other minerals and materials with mercury impurities 130
5.3.1 Cement production 130
5.3.2 Pulp and paper production 136
5.3.3 Production of lime and light weight aggregate 139
5.3.4 Others minerals and materials 142
5.4 Intentional use of mercury in industrial processes 143
5.4.1 Chlor-alkali production with mercury-technology 143
54.2 VCM (vinyl-chloride-monomer) production with mercury-dichloride (HgCl12) as catalyst
153
543 Acetaldehyde production with mercury-sulphate (HgSO4) as catalyst 155

5.4.4 Other production of chemicals and polymers with mercury compounds as catalysts 155
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5.5 Consumer products with intentional use of mercury 157
5.5.1 Thermometers with mercury 157
5.5.2 Electrical switches and relays with mercury 164
5.53 Light sources with mercury 173
5.5.4 Batteries with mercury 180
5.5.5 Biocides and pesticides 186
5.5.6 Paints 187
5.5.7 Pharmaceuticals for human and veterinary uses 190
5.5.8 Cosmetics and related products 191
5.6 Other intentional product/process uses 195
5.6.1 Dental mercury-amalgam fillings 195
5.6.2 Manometers and gauges 201
5.6.3 Laboratory chemicals and equipment 202
5.6.4 Mercury metal use in religious rituals and folklore medicine 206
5.6.5 Miscellaneous product uses 207
5.7 Production of recycled metals ("'secondary" metal production) 209
5.7.1 Production of recycled mercury ("secondary production’) 209
5.7.2 Production of recycled ferrous metals (iron and steel) 212
5.7.3 Production of other recycled metals 214
5.8 Waste incineration 216
5.8.1 Incineration of municipal/general waste 216
5.8.2 Incineration of hazardous waste 223
5.8.3 Incineration of medical waste 226
5.8.4 Sewage sludge incineration 230
5.8.5 Informal waste incineration 233
5.9 Waste deposition/landfilling and waste water treatment 234
5.9.1 Controlled landfills/deposits 234
5.9.2 Diffuse deposition under some control 238
593 Informal local disposal of industrial production waste 238
594 Informal dumping of general waste 239
5.9.5 Waste water system/treatment 239
5.10 Crematoria and cemetaries 244
5.10.1  Crematoria 244
5.10.2  Cemeteries 247
5.11 Potential hotspots 250
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5.1 Extraction and use of fuels/energy sources

227.  This main category includes power stations, industrial furnaces and installations for providing
space heating, which are fired with fossil fuels (including the co-combustion of up to 1/3 of waste),
biogas including landfill gas, and bio-mass. It also includes the extraction of natural gas, mineral oil
and other fossil fuels. The seven sub-categories within this main source category are shown in table
5-1 below. The main pathways of mercury releases are air, water and waste/residues. Land may also
be a release pathway in domestic heating and cooking, either using biomass (mostly wood) or fossil
fuels, and from extraction of mineral oil. Moreover, releases to land can occur if contaminated resi-
dues are dumped on the ground (UNEP, 2003).

Table 5-1 Extraction and use of fuels/energy sources. sub-categories with main pathways of releases
of mercury and recommended inventory approach
Waste/ Main
Chapter Sub-category Air Water | Land | Product . inventory
residue
approach
511 Coal combustion in large power X X X X X PS
o plants
5.1.2 Other coal combustion X X X X ow
5.13 E{(tractlor}, refining and use of X X X X . OW/PS
mineral oil
5.14 Extraction, refining and use of X X X X X OW/PS
natural gas
515 Extraction and use of other fossil X X X X oW
o fuels
516 Biomass fired power and heat pro- X X X X ow
o duction
5.1.7 Geothermal power production X PS
Notes: PS = Point source by point source approach; OW = National/overview approach;

X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

5.1.1 Coal combustion in large power plants
5.1.1.1 Sub-category description

228.  Coal is used for production of heat and electricity in different sectors with varying combustion
technology. Natural raw materials, including coal, contain trace amounts of mercury, which is ther-
mally released during the combustion.

229.  This sub-category covers large combustion plants (typically with thermal boiler effect above
300 MW). Most of such plants are large-scale electricity production plants, some of which also supply
heat (district heating, etc.). The reason for describing such large coal-fired power plants separately is
that in many countries they represent large parts of the national coal consumption, and that they are
often equipped with extensive, individually configured emission reduction systems. Such equipment
captures parts of the mercury output, which reduces direct release to the atmosphere. In many cases,
smaller coal combustion plants are not equipped with emission reduction devices to the same degree.

230.  Some fossil fuel power generation plants have possibilities for also firing with oil and other
carbon fuels, but this section focuses on coal as this contains the highest concentrations of mercury.
Oil and gas combustion is dealt with in section 5.1.3 and 5.1.4, respectively.
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5.1.1.2 Main factors determining mercury releases and mercury outputs
Table 5-2 Main releases and receiving media from combustion in large power plants
General Sector specific
Phase of life cycle Air Water | Land |Product treatment/
waste .
disposal
Combustion X X X X X X

Notes: X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

231.  The mercury concentrations in the coal used is the main factor determining the releases of
mercury from this sector. Most of the mercury in the coal is thermally released in gaseous form during
the combustion process. Pre-combustion coal wash used in some countries (which was originally in-
troduced to remove part of the sulphur in the coal) can remove part of the mercury in the coal and re-
quires adequate cleaning/retention systems to retain the washed out mercury

232.  Another main factor is the applied emission reduction system. Post-combustion equipment for
flue gas desulphurization, de-NOy and particle retention, today applied widely in industrialized coun-
tries, retain parts of the otherwise emitted mercury. The retention varies between main filter types, but
also between individual combustion plants with the same filter configurations. Filter configurations
designed for optimal mercury retention is still not common, but is in development/ maturation in a few
countries (e.g. Sweden and USA).

233.  The combustion technology and coal types also influence the efficiency of the flue gas clean-
ing systems, and thereby the direct releases.

234.  For example, coal types with high chloride content and combustion conditions favouring oxi-
dation of mercury in the exhaust gas yields a higher mercury retention in the flue gas desulphurisation
systems commonly used in industrialized countries. Units burning bituminous coal, or with high resid-
ual carbon in the flue gas, exhibit higher levels of mercury retention in particle filters and scrubbers
(UNEP, 2002). For more detailed information on different combustion principles in coal combustion
plants, see for example US EPA (1997a) and US EPA (2002a).

235.  The outputs of mercury from this sector are distributed between 1) air emissions; 2) accumula-
tion in solid incineration residues and flue gas cleaning residues; and 3) possibly smaller releases to
water (only via wet flue gas cleaning technology systems or pre-washing of coals). It should be noted
that like other deposition of mercury-containing waste, solid residues from coal combustion power
plants will likely result in future releases of mercury. The extent of these releases depends on the level
of control of the deposit to minimize mercury releases to air, water and land over decades.

236.  For the general situation in North America and Western Europe, about half of the mercury
input is released with air emissions, while the other half is retained in flue gas cleaning residues and
only a minor part is generally retained in bottom ashes/slags. Depending on the flue gas cleaning sys-
tems applied, the residues and by-products that contain mercury may be fly ash, solid sulphur reaction
product for deposition (from dry or wet scrubbers), gypsum wallboards (which are marketed) and sul-
phuric acid (also marketed).

237.  For coal combustion plants with no emission reduction equipment or with retention of larger
particles only (ESP retention), all or most of the mercury inputs will be released directly to the atmos-
phere. This is because, contrary to most other heavy metals, the majority of the mercury in the exhaust
gas remains in the gas phase (or adsorbed to small particles, if temperatures are lowered to certain lev-
els during transport through the exhaust gas system). Fabric filters and other high-efficiency particle
filters, also retaining small particles, have, however, retained high percentages of the mercury inputs
under certain conditions.
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5.1.1.3

Table 5-3

Discussion of mercury inputs

Overview of activity rate data and mercury input factor types needed to estimate releases

from coal combustion in large power plants

Activity rate data needed

Mercury input factor

Amount of each type of coal burned

Concentration of mercury in each type of coal burned

238.

Detailed estimates of national consumption of different fuel types, in totals and by sector, are

available on the International Energy Agency's website http://data.iea.org/ieastore/statslisting.asp . For
coal, the consumption is also distributed on the main coal types (bituminous, lignite etc.).

239.

The concentration of mercury in coal varies considerably depending on the coal type, the ori-

gin of the coal and even within the same mine. For example, mercury concentrations may vary by an
order of magnitude or more within the same mining field (Pirrone et al., 2001). Available data indi-
cate mercury concentrations in coals vary between 0.01 - 8.0 ppm. The US Geological Service (Bragg
et al., 1998) reported mean mercury concentrations in 7000 samples of US coal at 0.17 mg/kg, where
80% were below 0.25 mg/kg and the largest single value was 1.8 mg/kg. For more examples of mer-
cury concentrations in coal, see table 5-4 below, and the data sources referred to in the table.

Table 5-4 Examples of mercury concentrations in coal of different types and origin (mg/kg or ppmwt;
data references in table notes)
. Standard Range N f Hg .
Geographic Mean Hg A concentrations, with
. . Coal type - deviation Notes
origin concentration number of samples
on mean .
shown in parentheses
Australia Bituminous 0.03-04 Pirrone et al., 2001
Argentina Bituminous 0.1 0.03 and 0.18 (2) Finkelman, 2004
Botswana Bituminous 0.09 0.04-0.15 (11) Finkelman, 2004
Brazil Bituminous 0.19 0.04-0.67 (4) Finkelman 2004
China Anthrac.+ 0.15 <0.0-0.69 (329) Finkelman, 2004
Bituminous
Colombia Sub- 0.04 >0.02-0.17 (16) Finkelman, 2004
bituminous
Czech Rep. Bituminous 0.25 <0.02-0.73 (24) Finkelman, 2003
Egypt Bituminous 0.12 0.04-0.36 (14) Finkelman, 2003
Germany Bituminous 0.7-1.4 Pirrone et al., 2001
Indonesia Lignite 0.11 0.02-0.19 (8) Finkelman, 2003
Indonesia Sub- 0.03 0.01 0.01-0.05 (78) "Burned in 1999" in USA;
*2 bituminous concentrations on dry
weight basis; exact origin
unknown, not presented if
representative for origin
Japan Bituminous 0.03-0.1 Pirrone et al., 2001
New Zea- Bituminous 0.02-0.6 Pirrone et al., 2001
land
Peru Anth.+Bit. 0.27 0.04-0.63 (15) Finkelman, 2004
Philippines | Subbituminous 0.04 <0.04-0.1 Finkelman, 2004
Poland Bituminous 0.01-1.0 Pirrone et al., 2001
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Range of Hg
. Standard . .
Geographic Mean Hg e concentrations, with
. . Coal type ; deviation Notes
origin concentration number of samples
on mean .
shown in parentheses
Romania Lign. + Subbi- 0.21 0.07-0.46 (11) Finkelman, 2004
tum.
Russia Bituminous 0.11 <0.02-0.84 (23) Finkelman, 2003
Slovak Rep. | Bituminous 0.08 0.03-0.13 (7) Finkelman, 2004
South Af- Bituminous 0.01-1.0 Pirrone et al., 2001
rica
South Bituminous 0.08 0.07 0.01-0.95 (269) "Burned in 1999" in USA;
America *2 concentrations on dry
weight basis; exact origin
unknown, not presented if
representative for origin
South Ko- Anthracite 0.3 <0.02- 0.88 (11) Finkelman, 2003
rea
Tanzania Bituminous 0.12 0.04-0.22 (15) Finkelman, 2004
Taiwan Anth./Bit. 0.67 0.07-2.3 (4) Finkelman, 2004
Thailand Lignite 0.12 0.02-0.57 (11) Finkelman, 2003
Turkey Lignite 0.11 0.03-0.66 (143) Finkelman, 2004
Ukraine Bituminous 0.07 0.02-0.19 (12) Finkelman, 2003
United Bituminous 0.2-0.7 Pirrone et al., 2001
Kingdom
USA*1 Sub- 0.10 0.11 0.01-8.0 (640) Same remark as for USA,
bituminous bituminous
USA*1 Lignite 0.15 0.14 0.03-1.0 (183) Same remark as for USA,
bituminous
USA*1 Bituminous 0.21 0.42 <0.01-3.3 (3527) Regarded in reference (US
EPA, 1997a) as typical "in-
ground" values for US
coal, probably wet weight
conc. (?)
USA*1 Anthracite 0.23 0.27 0.16-0.30 (52) Same remark as for USA,
bituminous
Vietnam Anthracite 0.28 <0.02-0-14 (3) Finkelman, 2004
Zambia Bituminous 0.6 <0.03-3.6 (12) Finkelman, 2004
Zimbabwe Bituminous 0.08 <0.03-0.5 (3) Finkelman, 2004
Yugoslavia Lignite 0.11 0.07-0.14 (3) Finkelman, 2004
Notes: *1  Reference: US EPA (1997a); *2 US EPA (2002a); Appendix A.
240.  Some coal combustion plants also burn wastes, which may contain mercury. For a description

of mercury in wastes, see sections 5.8 (waste incineration). In cases where waste is incinerated in the
coal-fired power plant assessed, the estimated mercury inputs from waste should be added to the other
mercury inputs in order to estimate releases.

5.1.1.4

241.  If coal pre-wash is applied this may lower the mercury content of the coal by 10-50% com-
pared to the original content (UNEP, 2002). The US EPA (1997a) reported a mean mercury removal
value of 21% for coal pre-wash for plants in USA.

Examples of mercury in releases and wastes/residues
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242.  The efficiency of emission reduction systems to retain mercury from the exhaust gases of
coal-fired power plants has been investigated in many studies and on many different equipment con-
figurations. As mentioned, the efficiency varies considerably even within the same type of combustion
conditions and emission reduction principles applied. Therefore, point source specific measurements
of the control efficiency are the preferred approach for the inventory, whenever possible and feasible.

243,  Pacyna reported that some wet FGD systems are unable to remove more than 30% of the
mercury in the flue gas, but in general the removal efficiency ranges from 30 to 50% (Pacyna and Pa-
cyna, 2000; as cited by UNEP, 2002). Data from the United States have shown some mercury remov-
als of more than 80% when using wet FGD systems for control of mercury emissions from coal-fired
electric utilyt boilers (US EPA’s Office of Research and Development, available at:
http://www.epa.gov/ttn/atw/utility/hgwhitepaperfinal.pdf’)

244.  An example of the relative distribution of mercury among the different
stages/outputs from one coal fired boiler is summarized in figure 5-1 below
(Pacyna and Pacyna, 2000; as cited by UNEP, 2002).

Pulverized High-efficiency FGD with wet
coal-fired dry- = electrostatic = ime/limestone-gypsum —°
. 87% .. 78% 23%
bottom boiler precipitator process
Pre- Main
U U scrubber  scrubber
U U
Residue Collected ash Residue  Residue
13% 9% 33% 22%

Figure 5-1 Reducing mercury emissions with wet FGD systems,; mercury flows and outputs in % of
mercury input to boiler based on Pacyna and Pacyna (2000) (figure from UNEP, 2002)

245.  Retention of vapour phase mercury by spray dryers has been investigated in Scandinavia and
the USA for coal combustors and for incinerators. In summary, the overall removal of mercury in
various spray dry systems varied from about 35 to 85%. The highest removal efficiencies were
achieved in spray dry systems fitted with downstream fabric filters (Pacyna and Pacyna, 2000; as cited
by UNEP, 2002).

246.  Under summarized Danish conditions (based on mass balances), the overall mercury output
distribution on power plants with particle control (PM) and wet flue gas desulphurisation (FGD) was
roughly estimated to 50% retained with PM control, 20% retained with desulphurisation residues and
30% released to the atmosphere. Similar overall estimates for power plants with PM control and semi-
dry FGD were roughly 50% retained with PM control, 25% retained with desulphurisation residues
and 25% released to the atmosphere. For a few plants with PM control only, roughly 50% was retained
by the PM control and the rest released to the atmosphere (Skérup et al., 2003).

247.  As another example, US EPA (2002a) conducted investigations of mercury retention in a
number of pulverized coal fired US utility boilers with different emission reduction equipment and
different coal types burned in the USA. Their results are summarized in table 5.5 below. For more de-
tails, see US EPA (2002a).

248.  Several sets of emission factors for mercury from coal combustion in power plants to the at-
mosphere only, have been developed in, for example, the USA (see US EPA, 1997 or US EPA, 2002a)
and Europe (EMEP/CORINAIR, 2001). These are, however, presented as single emission factors for
several conditions, not split on input factors and output distribution factors as done in this Toolkit.
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Table 5-5 Summarized results from US EPA’s recent investigation of the mercury retention in different
emission reduction systems. Average mercury capture in % of mercury input to reduction
device (US EPA4, 2002a)

Average Mercury Capture by Control Configura-
. Post-combustion tion (no. of tests in study in brackets)
Post-combustion Emission
Control . Coal Burned in Pulverized-coal-fired Boiler Unit
Strate Control Device
gy Configuration Bituminous Sub-bituminous Lionite
Coal Coal g
CS-ESP 36 % (7) 3% (5) -4% (1)
HS-ESP 9% (4) 6% (4) Not tested
PM Control Only
FF 90 % (4) 72 % (2) Not tested
PS Not tested 9% (1) Not tested
+ 0,
PM Control and SDA+ESP Not tested 35% (3) Not tested
Spray Dryer SDA+FF 98 % (3) 24 % (3) 0% (2)
Adsorb
Soret SDA+FF+SCR 98 % (12) Not tested Not tested
PS+FGD 12 % (1) -8 % (4) 33% (1)
PM Control and CS-ESP+FGD 74 % (1) 29 % (3) 44 % (2)
Wet FGD
FF+FGD 98 % (2) Not tested Not tested
(a)  Estimated capture across both control devices;
SCR - Selective catalytic reduction; CS-ESP - Cold-side electrostatic precipitator;
HS-ESP - Hot-side electrost. precipitator; FF - Fabric filter; PS - Particle scrubber;
SDA -  Spray dryer adsorber system; FGD - Flue gas desulfurization.
5.1.1.5 Input factors and output distribution factors

249.  Based on the so far compiled examples of mercury concentrations in coal and information on
emission reduction system efficiency given above, the following preliminary default input and distri-
bution factors are suggested for use in cases where source specific data are not available. It is empha-
sized that the default factors suggested in this pilot draft Toolkit are based on a limited data base, and
as such, they should be considered preliminary and subject to revisions as the data base grows. Also
the presented default factors are expert judgments based on summarized data only, and - at present -
no systematic quantitative approach (i.e. consumption-weighted concentration and distribution factors
derivation) has been involved in the development of the factors.

250.  The primary purpose of using these default factors is to get a first impression of whether the
sub-category is a significant mercury release source in the country. Usually release estimates would
have to be refined further (after calculation with default factors) before any far reaching action is taken
based on the release estimates.

251.  Bearing in mind the large variation presented above on both mercury concentrations in coal
and the efficiency of emission reduction systems on mercury, the use of source specific data is the pre-
ferred approach, if feasible. For advice on data gathering, see section 4.4.5.

a) Default mercury input factors

252.  Actual data on mercury levels in the particular coal composition used will lead to the best es-
timates of releases. If data are not available for the actual coal used, then average values or ranges
from data on other similar coal types may be used (see examples in table 5-4 above).
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253.

If no information is available on the mercury concentration in the concentrates used in the ex-

traction step, a first estimate can be formed by using the default input factors selected in table 5-6 be-
low (based on the data sets presented in this section). Because concentrations vary so much, it is rec-
ommended to calculate and report intervals for the mercury inputs to this source category. The low end
default factors has been set to indicate a low end estimate for the mercury input to the source category
(but not the absolute minimum), and the high end factor will result in a high end estimate (but not the
absolute maximum). If it is chosen not to calculate as intervals, the use of the maximum value is rec-
ommended in order to signal the possible importance of the source category for further investigation.
Using a high end estimate does not automatically imply that actual releases are this high, only that it
should perhaps be investigated further.

Table 5-6 Preliminary default input factors for mercury in coal for energy production
Default input factors;
Material g mercury per metric ton of concentrate;
(low end - high end)
Coal used in energy production 0.05-0.5
254.  With regard to activity rates, the primary information needed is the amount of each type of

coal burned in a year. If these data are not directly available, an estimate can be derived using data on
the coal heating value (in units such as kJ/1 or kJ/kg) and data on the total energy production for the
year (kJ/year). Remember to base estimates on primary energy content in the coal (and not energy
amount as received by users - the latter does normally not include production and transmission losses
and does therefore not reflect the coal consumption adequately).

b) Default mercury output distribution factors

Table 5-7
power plants

Preliminary default distribution factors for mercury outputs from coal combustion in large

Emission reduction device

Distribution factors, share of Hg input *4

Air Water Land Prod- General | Sector specific
*1 *3 ucts *3 | waste *5 treatment

/disposal *5

None 1

Coal wash *1 0.8 (via com- ? ? 0.2

bustion)

PM control with general ESP, or PS 0.9 ? ? 0.1

PM control with FF, or other with 0.5 ? ? 0.5

highly efficient PM retention

PM control and SDA 0.4 ? 0.6

PM control and wet FGD 0.5 ? ? 0.5

Notes: *1  Outputs to water could take place if not all Hg in wash media is retained in residues. If coal wash is applied

in combination with flue gas cleaning devices, the mercury output factor designated to air should be

calculated by multiplying the coal wash reduction factor with the relevant control device output factors.

*2  Depending on the specific flue gas cleaning systems applied, parts of the mercury otherwise deposited as

residue may follow marketed by-products (primarily gypsum wallboards and sulphuric acid).

*3  In case residues are not deposited carefully, mercury in residues could be considered released to land.
*4  US EPA (2002a) states that emission reduction systems efficiency for mercury is highly dependent of coal

type. As globally representative efficiency measurements versus consumed coal types are not currently
available for use in this Toolkit, the suggested release distribution factors do not take this link into account.
*5  Sector specific disposal may include disposal on special secured landfills, disposal special landfills with no
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securing of leaching, and more diffuse use in road construction or other construction works. The actual
distribution between disposal with general waste (ordinary landfills) and sector specific deposition likely
varies much among countries and specific information on the local disposal procedures should be collected.

¢) Links to other mercury sources estimation

255.  No links suggested.

5.1.1.6 Source specific main data

256.  The most important source specific data would in this case be:

o Measured data or literature data on the mercury concentrations in the mix of coals burned at the
plant;

o Data on quantity of each type of coal burned at plant; and
o Measured data on emission reduction equipment applied on the source (or similar sources with

very similar equipment and operating conditions).

257.  See also advice on data gathering in section 4.4.5.

5.1.1.7 Summary of general approach to estimate releases

258.  The overall approach to estimate releases of mercury to each pathway from coal combustion
in large power plants is as follows:

Input factor Activity rate Distribution factor
(concentration of Hg *  (amount of each type of coal * for each pathwa
in the coal types used at plant) burned per year) p Y

and the total releases are the sum of the releases to each pathway.

5.1.2 Other coal use
5.1.2.1 Sub-category description

259.  This sub-category covers coal combustion in smaller combustion plants (typically below 300
MW thermal boiler capacity), including industrial combustion/boilers in various sectors, household
use of coal and coke for heating and cooking as well as production and use of coke (from coal) for
other uses, such as for metallurgical processes.

260.  According to the Community Strategy Concerning Mercury from the European Commission
(European Commission, 2005) small combustion plants and residential coal burning are also signifi-
cant mercury sources. In particular, small-scale combustion installations were identified, in the EU
context where many large plants are relativey well controlled, as one additional main contributor to the
mercury problem, but available data are presently scarce.

261.  Coke is produced from hard coal or from brown coal by carbonization (heating under vac-
uum). In “coke ovens”, coal is charged into large vessels, which are subjected to external heating to
approximately 1,000 °C in the absence of air. Coke is removed and quenched with water. A major
use of coke — at least in industrialized countries - is the metallurgical industry (ferrous and non-
ferrous).
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5.1.2.2 Main factors determining mercury releases and mercury outputs
Table 5-8 Main releases and receiving media from “other” coal combustion
General Sector specific
Phase of life cycle Air Water | Land |Product treatment/
waste .
disposal
Other coal use X X X X X

Notes: X -Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

262.  The primary factors that determine releases for smaller coal combustion plants (such as indus-
trial boilers) are similar to large coal-fired plants described above. However, application of flue gas
cleaning equipment is less common in smaller combustion plants and practically non-existing in
household combustion (COWI, 2002). Therefore, generally a larger portion of mercury in the coal is
released to the air.

263.  For sources with minimum, or no control technologies, nearly all the mercury present in the
coal is likely to be emitted to the air. In heat and power production most of the mercury in the coal is
thermally released in gaseous form during the combustion process. Post-combustion equipment for
flue gas de-sulfurisation, de-NO, and particle retention, may, however, be applied in some larger com-
bustion facilities in this group, retaining parts of the otherwise released mercury. Besides the mercury
content in the coal used, other factors including the coal type, the combustion technology, and particu-
larly any flue gas cleaning systems applied (if applied), determine the mercury amounts released, and
the distribution of the output of mercury between air emissions, accumulation in solid incineration and
flue gas cleaning residues, and releases to water (only indirectly to water via some flue gas cleaning
technology types) (COWI, 2002). For larger combustion plants in the group, flue gas cleaning tech-
nology may be similar to that of combustion plants with thermal boiler capacity (at or) exceeding 300
MW (Megawatt), described in section 5.1.1.

264.  With regard to coke production, emissions to air can occur during charging and discharging of
the coal/coke as well as during the heating. Since emissions are not released through a stack, the
emission factors are hard to measure and are therefore subject to uncertainty. Releases to water can
occur if effluents from quenching or wet scrubbing are discharged.

265.  The outputs of mercury from this sub-category are primarily distributed between 1) air emis-
sions; and 2) accumulation in solid incineration residues and flue gas cleaning residues. There may
possibly also be some releases to water (only via wet flue gas cleaning technology systems or pre-
wash of coals). It should be noted that like other deposition of mercury-containing waste, solid resi-
dues from coal combustion will likely give rise to future releases of mercury to some degree, depend-
ing on the disposal method or end-use of the residue and the level of control to minimize mercury re-
leases to air, water and land over decades.

266.  Generally, for sources in this sub-category, more than half of the mercury input is probably
released with the air emissions, while the remainder is likely to be retained in flue gas cleaning resi-
dues (if controls are present), and maybe some in bottom ashes/slags, depending on the source type.
For industrial boilers and other combustion plants, very low concentrations of mercury are likely to be
found in the bottom ash. However, for residential heating, levels may be somewhat higher.

267.  For coal combustion plants with no emission reduction equipment or with retention of larger
particles only (ESP retention), all or most of the mercury inputs will be released directly to the atmos-
phere. This is because the majority of the mercury in the exhaust gas remains in the gas phase, or is
adsorbed to small particles if temperatures are lowered to certain levels during transport through the
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exhaust gas system. Fabric filters and other high-efficiency particle filters, also retaining small parti-
cles, have, however, retained high percentages of the mercury inputs under certain conditions.

5.1.2.3 Discussion of mercury inputs

Table 5-9 Overview of activity rate data and mercury input factor types needed to estimate releases
from other coal combustion

Process Activity rate data needed Mercury input factor

Concentration of mercury in

Coke production Amount of each type of coal processed
each type of coal processed

Concentration of mercury in

Coal combustion Amount of each type of coal burned each type of coal burned

268.  Detailed estimates of national consumption of different fuel types, in totals and by sector, are
available on the International Energy Agency's website http://data.ica.org/ieastore/statslisting.asp.

269.  As with the large coal-fired plants, mercury is present as an impurity in the coal. The concen-
tration of mercury in coal varies considerably depending on the coal type, the origin of the coal and
even within the same mine. For more examples of mercury concentrations in coal, see section 5.1.1
and table 5-4.

270.  Some coal combustion plants also burn wastes. In such cases, estimating the quantity of mer-
cury emissions can be more complicated. The concentration of mercury in the wastes (if known),
along with the amount of wastes burned, and information on control technologies, can be used to esti-
mate the mercury releases due to the waste combustion (see section 5.8 on waste incineration). This
estimate would then be added to the estimate of mercury releases due to coal combustion.

5.1.2.4 Examples of mercury in releases and wastes/residues

271.  The releases of mercury from the uncontrolled combustion boilers and similar sources in this
sub-category are primarily (nearly 100%) to air in the form of gaseous mercury, or bound to fine parti-
cles (US EPA, 1997). If the source has add-on controls or utilizes coal-washing techniques, then some
of the mercury will go to residues and/or water (see section 5.1.1 for more information on releases for
various controls and coal washing).

272.  For coke production all or most of the mercury inputs are expected to be emitted to the atmos-
phere during the production itself (COWI, 2002). US EPA (1997a) mentions atmospheric mercury
emission factors from German facilities of 0.01 - 0.03 g mercury/metric ton of coke produced. If pre-
cleaned coal is applied (the case in the USA), the atmospheric emissions may be slightly lower (about
21% lower), as some of the mercury content are washed out and treated or deposited in other ways
(COWI, 2002).

5.1.2.5 Input factors and output distribution factors

273.  Based on the so far compiled examples of mercury concentrations in coal and information on
emission reduction system efficiency given above, the following preliminary default input and distri-
bution factors are suggested for use in cases where source specific data are not available. It is empha-
sized that the default factors suggested in this pilot draft Toolkit are based on a limited data base, and
as such, they should be considered preliminary and subject to revisions as the data base grows. Also
the presented default factors are expert judgments based on summarized data only, and - at present -
no systematic quantitative approach (i.e. consumption-weighted concentration and distribution factors
derivation) has been involved in the development of the factors.

274.  The primary purpose of using these default factors is to get a first impression of whether the
sub-category is a significant mercury release source in the country. Usually release estimates would
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have to be refined further (after calculation with default factors) before any far reaching action is taken
based on the release estimates.

275.  Bearing in mind the large variation presented above on both mercury concentrations in coal
and the efficiency of emission reduction systems on mercury, the use of source specific data is the pre-
ferred approach, if feasible. For advice on data gathering, see section 4.4.5.

a) Default mercury input factors

276.  Actual data on mercury levels in the particular coal composition used will lead to the best es-
timates of releases. If data are not available for the actual coal used, then average values or ranges
from data on other similar coal types may be used (see examples in table 5-4 above).

277.  If no information is available on the mercury concentration in the concentrates used in the ex-
traction step, a first estimate can be formed by using the default input factors selected in table 5-10
below (based on the data sets presented in this section). Because concentrations vary so much, it is
recommended to calculate and report intervals for the mercury inputs to this source category. The low
end default factors has been set to indicate a low end estimate for the mercury input to the source cate-
gory (but not the absolute minimum), and the high end factor will result in a high end estimate (but not
the absolute maximum). If it is chosen not to calculate as intervals, the use of the maximum value is
recommended in order to signal the possible importance of the source category for further investiga-
tion. Using a high end estimate does not automatically imply that actual releases are this high, only
that it should perhaps be investigated further.

Table 5-10  Preliminary default input factors for mercury in coal for energy production

Default input factors;
Material g mercury per metric ton of coal;
(low end - high end)

Coal used in energy production 0.05-0.5

278.  With regard to activity rates, the primary information needed is the amount of each type of
coal burned in a year. If these data are not directly available, an estimate can be derived using data on
the coal heating value (in units such as kJ/l or kJ/kg) and data on the total energy production for the
year (kJ/year). Remember to base estimates on primary energy content in the coal (and not energy
amount as received by users - the latter does normally not include production and transmission losses
and does therefore not reflect the coal consumption adequately).

b) Default mercury output distribution factors

279.  For coke production, 100% of the mercury input with feed coal should, as default, be consid-
ered as releases to the atmosphere.

280.  For coal combustion, default mercury output distribution factor are suggested in table 5-11
below. These factors are identical to factors defined for large coal fired power plants; the major differ-
ence is that very few smaller plants are equipped with extensive and effective flue gas cleaning sys-
tems.
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Table 5-11  Preliminary default distribution factors for mercury outputs from coal combustion in
smaller power plants and other facilities

Emission reduction device

Distribution factors, share of Hg input *4

Air Water Land Prod- General | Sector specific
*1 *2 ucts *3 | waste *5 treatment/
disposal *5
None 1
Coal wash *1 0.8 ? ? 0.2
(via combustion)

PM control with general ESP, or PS 0.9 ? ? 0.1
PM control with FF, or other with 0.5 ? ? 0.5
highly efficient PM retention
PM control and SDA 0.4 ? ? 0.6
PM control and wet FGD 0.5 ? ? 0.5

Notes: *1 Outputs to water could take place if not all Hg in wash media is retained in residues. If coal wash is

applied in combination with flue gas cleaning devices, the mercury output factor designated to air
should be calculated by multiplying the coal wash reduction factor with the relevant control device

output factors;

*2 In case residues are not deposited carefully, mercury in residues could be considered released to land,

*3  Depending on the specific flue gas cleaning systems applied, parts of the mercury otherwise deposited

as residue may follow marketed by-products (primarily gypsum wallboards, cement/concrete and

sulphuric acid);

*4 US EPA (2002a) states that emission reduction systems efficiency for mercury is highly dependent of

coal type. As globally representative efficiency measurements versus consumed coal types are not
currently available for use in this draft mercury Toolkit, the suggested release distribution factors do
not take this link into account;

*5  Sector specific disposal may include disposal on special secured landfills, disposal special landfills

with no securing of leaching, and more diffuse use in road construction or other construction works.
The actual distribution between disposal with general waste (ordinary landfills) and sector specific
deposition likely varies much among countries and specific information on the local disposal
procedures should be collected.

281.  Also, some atmospheric emission factors may be obtained from US EPA (1997b), Volume 2
(available at http://www.epa.gov/mercury/report.htm) or from other sources.

¢) Links to other mercury sources estimation

282.  No links suggested.

5.1.2.6 Source specific main data

283.  The most important source specific data would in this case be:

e  Measured data or literature data on the mercury concentrations in the consumed mix of coals at

the source,

e Data on quantity of each type of coal burned at plant; and

e  Measured data on emission reduction equipment applied on the source (or similar sources with
very similar equipment and operating conditions).

284.  See also advice on data gathering in section 4.4.5.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005




Chapter 5.1 — Extraction and use of fules/energy sources 70

5.1.2.7 Summary of general approach to estimate releases

285.  The overall approach to estimate releases of mercury to each pathway from other coal com-
bustion is as follows:

Input factor Activity rate Distribution factor
(concentration of Hg *  (amount of each type of coal * for each pathwa
in the coal types used at plant) burned per year) P g

and the total releases are the sum of the releases to each pathway.

5.1.3 Mineral oils - extraction, refining and use
5.1.3.1 Sub-category description

286.  This section includes extraction, refining, and uses of mineral oil (also called “petroleum oil”
or “oil”in this document). This sub-category includes the combustion of oil to provide power, heat,
and transportation, and other uses such as for example road asphalt (bitumen), synthesis of chemicals,
polymer production, lubricants and carbon black production (black pigments). Like other natural mate-
rials, mineral oil contains small amounts of natural mercury impurities, which are mobilised to the
biosphere by extraction and use. Mercury concentrations in oil may vary extensively depending on the
local geology. US EPA (1997a) mentions mercury concentrations in crude oil of 0.023 - 30 mg/kg.
Besides mercury naturally present in the oil, another input of mercury to oil extraction is the use of
certain types of drilling mud.

287.  Oil extraction is known to potentially cause significant releases of mercury and focus has in-
creased on mercury releases from this sector in recent years. Mercury may be released to air, land or
water during refining as well as through refinery products or byproducts and various process wastes
and sludges.

288.  Combustion of oil releases mercury primarily to air in the form of air emissions. However, a
very small percent of the mercury may be released to other media, such as incineration residues. Gen-
erally, only large combustion units designed for oil use have emission reduction equipment.

289.  Inrefineries, the crude oil is separated by distillation (and cracking) into a number of refined
oil products, including gasoline, kerosene, liquefied petroleum gas (such as propane), distillates (diesel
and jet fuels), and "residuals" (industrial fuels). Refineries remove a portion of the impurities in the
crude oil, such as sulfur, nitrogen, and metals. There are various types of fuel oil derived from crude
oil. The two main groups are heavy fuel oil (also called residual oil) and light fuel oil (also known as
distillate oils). These oils are also classified further into various grades, such as grade numbers 1 and 2
(types of distillate oils), and grades 4, 5 and 6 (residual oils) (US EPA, 1997a and US EPA, 2003b).
The different oil products are separated by distillation by making use of the different boiling tempera-
tures of the constituents of the crude oil. Propane and gasoline are examples of products with low boil-
ing points, diesel/gas oil and kerosene has slightly higher boiling points, heavy fuel oils have high
boiling points, and bitumen ("asphalt") and petroleum coke are examples of the highest boiling (or
residue) fractions.

290.  In principle, mercury would be expected to primarily follow distillates with boiling points near
mercury's boiling point, but in practice the differences in mercury concentrations in the feed crude oils
may likely have more influence on the mercury content of refined oil products.
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5.1.3.2 Main factors determining mercury releases and mercury outputs

Table 5-12  Main releases and receiving media during the life-cycle of extraction, refining and use of
mineral oils

General Sector specific
Phase of life cycle Air Water | Land |Product treatment/
waste .
disposal
Extraction X X X X
Refining X X X X X X
Combustion X
Other Uses

Notes: X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situa-
tion.

From extraction and refining of oil

291.  One important factor determining releases of mercury from this sub-category is the concentra-
tion of mercury in the crude oil.

292.  Mercury may be released to air, land, or water from the extraction process, during refining or
other processes. Mercury may also be released through refinery products or byproducts, and various
process wastes and sludges.

From combustion of oil

293.  The most important factors determining releases from oil combustion sources are the mercury
levels in the oil and amount of fuel burned. The primary pathway of releases for these sources is to air
through the combustion stack. Since the entire fuel supply is exposed to high flame temperatures, es-
sentially all of the mercury contained in the fuel oil will be volatilized and exit the furnace with the
combustion gases. Unless these combustion gases are exposed to low-temperature air pollution control
systems and high efficiency PM control systems, which typically are not found on these units, the
mercury will be released in vapour phase through the combustion stack (US EPA, 1997a).

5.1.3.3 Discussion of mercury inputs

Table 5-13 Overview of activity rate data and mercury input factor types needed to estimate releases
from extraction, refining and use of mineral oils

Life-cycle phase Activity rate data needed Mercury input factor
Refining Amount of input crude oil Coqcentratlon O.f mercury in crude oils
mix used and in all output products
Use Amount of each type of oil Mercury concentration in each type

of oil burned/used

294.  Detailed estimates of national consumption of different fuel types, in totals and by sector, are
available on the International Energy Agency's website http://data.ica.org/ieastore/statslisting.asp .

Mercury concentration in crude oils

295.  Pirrone et al. (2001) report a general average concentration of 10 ppb in crude oil, but with
some values as high as 30,000 ppb.
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296.  Measured mercury concentrations in crude oils are summarized in table 5-14. The table illus-
trates the high variation of mercury concentration of the oil. However, the extraordinary high values
may be represented by relatively few fields. For example, Wilhelm and Bigham (2002) note that sam-
ples from a small field in California, accounting for 0.2 % of crude oils processed in the USA, with
extraordinary high mercury concentration is included in several of the data sets shown in table 5-14. If
the samples from this field are excluded the mean value decreases up to 1000 times for the three data-
sets with extraordinary high mean values (the datasets of Shah et al. 1970, Filby and Shah, 1975 and
Bloom, 2000).

297.  Besides data sets referred to in Wilhelm (2001), the table includes data on mercury content of
crude oils in CIS countries (Lassen ef al., 2004). The mean is calculated from the mean value of the
samples from each of the 42 analyzed oil fields. The mean value for the whole dataset was 300 ppb,
whereas the mean for 9 Russian fields was 180 ppb. The authors of that report indicated that the data
set may be biased towards samples with relatively high mercury content, as many of the analyses have
been done in order to study the presence of regions, mainly in Central Asia, with relatively high mer-
cury concentration.

Table 5-14  Mercury concentrations in crude oils

Notes Mean Range Standard Number Reference
(ppb) (ppb) deviation of samples
Asia <1 1 Tao et al., 1998 *1
Canadian refineries 1.6 <2-9 1.6 8 Duo et al., 2000 *1
Libyan 3.1 0.1-12.2 4.2 6 Musa et al., 1995 *1
Origins not reported 4.4 1.6-7.2 1.0 11 Liang et al., 2000 *1
New Jersey refineries 3.5 0.1-12.2 23 Morris, 2000 *1
Canada and imports 8 All <DL=15 24 Cao, 1992 *1
Canada 22 <2-399 63.6 86 Hitchon and Filby, 1983 *1
West Coast refineries 65 <10 - 1,560 26 Magaw et al., 1999 *1
Russia; mean of re- 180 Lassen et al., 2004
sults from 9 oil fields
CIS countries; mean Lassen et al., 2004
of results from 42 oil 300 <8-6,900 113
fields
Origins not reported | 1.505 NR 3,278 76 Bloom, 2000 *1
USA and imports 3.200 23 -29,700 10 Shah et al., 1970 *1
USA and imports 5.803 <4 -23,100 4 Filby and Shah, 1975 *1

Notes *1  Source: Wilhelm, 2001. NR: not reported.

Mercury concentrations on refined oil products

298.  Data on mercury concentrations in a variety of refined oil products, compiled by Wilhelm
(2001), are presented in table 5-15.
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Table 5-15  Mercury concentrations in refined oil products (Based on Wilhelm, 2001)

Type Mean (ppb) | Range (ppb) 33?;?53 01::;::;;; References *1 Notes
Kerosene 0.04 0.04 NR 1 Liang et al., 1996 | USA
Asphalt 0.27 NR 0.32 10 Bloom, 2000 USA
Diesel 0.4 0.4 NR 1 Liang et al., 1996 | USA
Heating Oil 0.59 0.59 NR 1 Liang et al., 1996 | USA
Utility fuel oil 0.67 NR 0.96 32 Bloom, 2000 USA
Gasoline 0.7 0.22 -1.43 NR 5 Liang et al., 1996 | USA
Light distillates 1.32 NR 2.81 14 Bloom, 2000 USA
Gasoline 1.5 0.72-1.5 NR 4 Liang et al., 1996 | Foreign
Diesel 2.97 2.97 NR 1 Liang et al., 1996 | Foreign
Residential fuel 4 2:6 6 EPA, 1997b
Naphtha 15 3-40 NR 4 Olsen et al., 1997
Naphtha 40 8-60 NR 3 Tao et al., 1998 | Asian
Petroleum coke 50 0-250 NR 1000 US EPA, 2000 USA
Distillate fuel oil 120 3 US EPA, 1997b

Notes *1 References refers to the references in Vilhelm, 2001. NR: not reported.

299.  Data on mercury concentrations in selected oil types used in the USA (US EPA, 1997a) are
shown in table 5-16.

Table 5-16  Mercury concentrations (in ppmwt) in various oil types used in USA (US EPA, 1997a)

Fuel Oil olfV:ar:;ll;)ell;s (Iﬁ)arlr:%vi) Typical Value
Residual No. 6 ?? 0.002-0.006 0.004 *1
Distillate No. 2 ?? ?? <0.12 *2
Crude 46 0.007-30 3.5 *3

Notes: *1 Midpoint of the range of values;
*2 Average of data from three sites;
*3 Average of 46 data points was 6.86; if the single point value of 23.1 is eliminated,
average based on 45 remaining data points is 1.75. However, the largest study with
43 data points had an average of 3.2 ppmwt. A compromise value of 3.5 ppmwt was
selected as the best typical value;
References: Brooks, 1989; Levin, 1997; Chu and Porcella, 1994.

5.1.34 Examples of mercury in releases and wastes/residues
Extraction and refining

300. Data on mercury releases from extraction and refining of oil have not been found for this in-
ventory Toolkit. The existing data on mercury content in crude oil and refined oil products indicate,
however, that such releases are actually taking place. This may be considered a significant data gap
with regard to mercury releases globally.
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301. Based on a comparison of the mercury content of crude oil to some refined oil products, it ap-
pears that mercury emissions from petroleum refineries may be significant. For example, US EPA has
estimated that mercury emissions from the combustion of crude oil would be approximately 41 kg/10"
J (US EPA, 1997, as cited in NESCAUM, 1998). This compares to estimates of emissions from resid-
ual and distillate oil of 0.20 and 2.7 kg/10" J, respectively (NESCAUM, 1998). These order of mag-
nitude differences suggest that significant amounts of mercury either end up in other refined petroleum
products or are emitted during the refining process (NESCAUM, 1998).

Combustion and other use

302.  As a general assumption for oil use involving combustion, 100% of the mercury input from
the oil products used (including crude oil) can be considered released to air. Exceptions may be com-
bustion systems equipped with flue gas cleaning systems run under conditions favouring oxidation of
the mercury present in the flue gas (based on experience from coal fired combustion systems), or oth-
erwise suited for mercury retention.

303.  The three types of control measures applied to oil-fired boilers and furnaces are boiler modifi-
cations, fuel substitution and flue gas cleaning. Only fuel substitution and flue gas cleaning systems
may affect mercury emissions. Fuel substitution is used primarily to reduce sulfur dioxide (SO,) and
nitrogen oxides (NOy) emissions. However, if the substituted fuels have lower mercury concentra-
tions, the substitution will also reduce mercury emissions. Because emissions of particulate material
from oil-fired units are generally much lower than those from coal-fired units, high-efficiency particle
control systems are generally not employed on oil-fired systems.

304. Inthe USA, flue gas cleaning equipment generally is employed only on larger oil-fired boil-
ers. Mechanical collectors, a prevalent type of control device in the USA, are primarily useful in con-
trolling particles generated during soot blowing, during upset conditions, or when very dirty, heavy oil
is fired. During these situations, high efficiency cyclonic collectors can achieve up to 85% control of
particles, but negligible control of mercury is expected with mechanical collectors. Electrostatic pre-
cipitators (ESPs) are used on some oil-fired power plants. Based on test data from two oil-fired plants,
the US EPA reports that mercury removal on ESP-equipped oil-fired boilers ranges from 42 - 83%
(US EPA, 1997a). Scrubbing systems have been installed on oil-fired boilers to control both sulfur
oxides and particles. Similar to systems applied to coal combustion, these systems can achieve parti-
cles control efficiencies of 50 - 90% (US EPA, 1997a). Because they provide gas cooling, some mer-
cury control may be obtained, but no data have been obtained on the percent of mercury removed.

305.  The only substantive output of atmospherical mercury emissions from fuel oil combustion op-
erations is through the combustion gas exhaust stack. In the USA, three types of information were
used to develop emission factors for oil combustion. First, data on fuel oil heating value and mercury
content of fuel oils were used to develop emission factors by mass balance, assuming conservatively
that all mercury fired with the fuel oil is emitted through the stack. Second, the emission factors de-
veloped for residual and distillate oil combustion and for residual oil combustion were evaluated.
Third, rated emission test data were evaluated and summarized (US EPA, 1997a).

306.  After the analyses of the available data, the US EPA estimated the “best typical” atmospheric
mercury emission factors (EFs) for the combustion of US oils. These EFs are presented in table
5-17. See US EPA (1997a) for more information on the data and calculations.

307.  The emission factors for distillate, residual and crude oil presented in table 5-18 are for “un-
controlled” emissions. Data were judged to be insufficient to develop controlled emission factors for
fuel oil combustion. There is considerable uncertainty in these emission factor estimates due to the
variability of mercury concentrations in fuel oil, the incomplete data base on distillate oil and the un-
certainty in sampling and analysis for detecting mercury (US EPA, 1997a). Therefore, these emissions
factors should be used with caution and may not be appropriate to use for any particular plant. More-
over, for estimating releases from oil fired plants in another country, specific data for that country,
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and/or plant specific data would be preferable for estimating emissions rather than relying on data and
emissions factors from the USA.

Table 5-17  The "best typical” atmospheric mercury emissions factors for fuel oil combustion in the
USA, based on analyses by US EPA (US EPA, 1997a)

Calculated mercury emission factors
Fuel oil type
Kg/10 J g/metric tons fuel oil g/10* L fuel oil
Residual No. 6 0.2 0.009 0.0085
Distillate No. 2 2.7 0.12 0.10
Crude 41 1.7 1.7
5.1.3.5 Input factors and output distribution factors

308. Based on the information compiled above on inputs and outputs and major factors determining
releases, the following preliminary default input and distribution factors are suggested for use in cases
where source specific data are not available. It is emphasized that the default factors suggested in this
pilot draft Toolkit are based on a limited data base, and as such, they should be considered preliminary
and subject to revisions as the data base grows. In many cases calculating releases intervals will give a
more appropriate estimate of the actual releases.

309.  The primary purpose of using these default factors is to get a first impression of whether the
sub-category is a significant mercury release source in the country. Usually release estimates would
have to be refined further (after calculation with default factors), before any far reaching action is
taken based on the release estimates.

a) Default mercury input factors for use of oil

310.  The mercury input can be calculated by multiplying the mercury concentration in the oil prod-
uct in question with the input amount of the same oil product. Actual data on mercury levels in the
particular oil extracted, refined or combusted will lead to the best estimates of releases. However, if
data are not available for the particular oil of interest, than data above on levels in similar oils can be
used as a surrogate. Inputs would often be mixes of oils with different mercury concentration. In such
cases, an average concentration weighted by the composition of the input oil mix should be estab-
lished.

311.  Ifno information is available on the mercury concentration in the oil used, a first estimate can
be formed by using the default input factors shown in the table below (based on the data sets presented
in this section). Because concentrations vary so much, it is recommended to calculate and report inter-
vals for the mercury inputs to this source category. The low end default factors have been set to indi-
cate a low end estimate for the mercury input to the source category (but not the absolute minimum),
and the high end factor will result in a high end estimate (but not the absolute maximum). If it is cho-
sen not to calculate as intervals, the use of the maximum value is recommended in order to signal the
possible importance of the source category for further investigation. Using a high end estimate does
not automatically imply that actual releases are this high, only that it should perhaps be investigated
further.

312.  For refined oil products, please note that the mercury concentration in the crude oil used as
raw material may perhaps influence the mercury concentration in the refined product more than the
boiling point ("heaviness") of the type of oil product in question.

Toolkit for identification and quantification of mercury releases — Pilot draft, November 2005



Chapter 5.1 — Extraction and use of fules/energy sources 76

Table 5-18  Preliminary default input factors for mercury in various oil qualities

Default input factors;
Oil product mg mercury per metric ton of oil (= ppbwt);
(low end - high end)
Crude oil 10 - 300
Gasoline, diesel and other distillates 1-100

b) Default mercury output distribution factors

313.  For extraction and refining of oil, no default output distribution factors can be established due
to lack of data. For oil refineries, the sum of mercury releases to environmental media and residues can
be determined using a mass balance approach measuring mercury concentrations in the input crude oil
mix, and measuring mercury concentrations in all product outputs in the same time period (where in-
puts and outputs originate from the same crude oil mix).

Table 5-19  Preliminary default output distribution factors for mercury from extraction, refining, and

uses of oil
Distribution factors, share of Hg input
Life Cycle Phase Sector specific
Air Water Land | Products General treatment/
waste .
disposal
Extraction n.a. n.a. n.a. n.a. n.a. n.a.
Refining n.a. n.a. n.a. n.a. n.a. n.a.
Uses:
Uses (other than combustion) 1
Residential heating with no controls 1
Oil Combustion Facility with no 1
emissions controls
Oil Combustion Facility with PM 09 01
control using an ESP or scrubber ’ ’

314.  Generally for oil-fired combustion plants, it is reasonable to assume that nearly 100% of the
mercury in the fuel will be released to air through the combustion stacks. However, in some cases
(such as with plants with ESPs or scrubbers) there may be some mercury released to the control device
residues.

¢) Links to other mercury sources estimation

315.  No links suggested.

5.1.3.6 Source specific main data

316.  The most important source specific data would in this case be:

e  Measured data or literature data on the mercury concentrations in the types of oil extracted, re-
fined, and used at the source;

e  Amount of each type of oil extracted, refined, and used; and

e  Measured data on emission reduction equipment applied on the sources (or similar sources with
very similar equipment and operating conditions).
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317.  See also advice on data gathering in section 4.4.5.

5.1.3.7 Summary of general approach to estimate releases
From combustion of oil

318.  Asdescribed above, the primary pathway of mercury releases from fuel oil combustion opera-
tions is the combustion exhaust stack. The primary information needed to estimate releases for oil
combustion are: mercury concentration in the oil type used (in ppm or other units) and amount of each
type of oil burned.

5.1.4 Natural gas - extraction, refining and use
5.1.4.1 Sub-category description

319.  Natural gas is a fossil fuel extracted, refined and used for various purposes, especially com-
bustion to produce electricity and heat. Like many other natural materials, natural gas contains small
amounts of natural mercury impurities, which are mobilized to the biosphere during extraction, refin-
ing and combustion. In some regions of the world, natural gas is known to have notable mercury con-
centrations (depending on geology). Mercury releases may occur during extraction, refining, gas
cleaning steps and use (COWI, 2002 and US EPA, 1997b). In some countries, mercury in gas cleaning
residues ("condensate" and possibly other media) is recovered and marketed as a by-product. In other
countries, these residues are collected and treated as hazardous waste. For off-shore gas extraction,
initial gas cleaning steps sometimes take place off-shore and may involve the use of cleaning water,
which may be discharged on site. The fate of the mercury content observed in natural gas is still
poorly understood. This may be considered a major data gap in the description of mercury releases. In
Denmark (and most likely also in other countries), the gas delivered to consumers has been cleaned
and contains - at that stage - only little mercury.

320.  The natural gas power production process begins with the extraction of natural gas, continues
with its treatment and transport to the power plants, and ends with its combustion in boilers and tur-
bines to generate electricity. Initially, wells are drilled into the ground to remove the natural gas. After
the natural gas is extracted, it is treated at gas plants to remove impurities such as hydrogen sulfide,
helium, carbon dioxide, hydrocarbons and moisture. Gas cleaning operations may take place off-shore.
Pipelines then transport the natural gas from the gas plants to power plants, or via gas supply grids to
residential burners, for combustion.

321.  Other uses of natural gas include among others synthesis of chemicals, polymer production
and carbon black production (black pigment).

5.14.2 Main factors determining mercury releases and outputs

Table 5-20  Main releases and receiving media during the life-cycle of extraction, refining and use of

natural gas
. Sector specific
Phase of life cycle Air Water Land [ Products General treatment/
(/use) waste .
disposal

Extraction /Refining X X X X X X
Combustion X

Other uses

Notes: X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national
situation.
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322.  The most important factors determining releases are the mercury levels in the natural gas and
amount of gas extracted, refined or combusted.

323.  Most of the mercury in the raw natural gas may be removed during the extraction and/or refin-
ing process, including during the removal of hydrogen sulfide (Pirrone et al., 2001). Therefore, natu-
ral gas is generally considered a clean burning fuel that usually has very low mercury concentrations.

324. Also, little to no ash is produced during the combustion process at these facilities (US EPA,
1997b). During combustion, since the entire fuel supply is exposed to high flame temperatures, essen-
tially all of the mercury remaining in the natural gas will be volatilized and exit the furnace with the
combustion gases through the emissions stack. Gas-fired plants usually have no emissions control de-
vices that would reduce mercury emissions (US EPA, 1997a).

5.1.4.3 Discussion of mercury inputs

Table 5-21 Overview of activity rate data and mercury input factor types needed to estimate releases
from extraction, refining and use of natural gas

Life-cycle phase Activity rate data needed Mercury input factors

Concentration of mercury in

Extraction /Refining Amount of natural gas produced input and out put gas, respectively

Concentration of mercury

Combustion/use Amount of natural gas combusted .
in natural gas combusted

325.  Detailed estimates of national consumption of different fuel types, in totals and by sector, are
available on the International Energy Agency's website http://data.iea.org/ieastore/statslisting.asp.

326. Natural gas combustion: Mercury concentrations in natural gas may vary depending on the
local geology, however, mercury concentrations in consumer supplies ("pipeline gas") appear to be
generally very low (COWI, 2002 and US EPA, 1997b). Data on mercury levels in natural gas are
shown in table 5-22.

327.  Examples of mercury content of wellhead gas are shown in table 5-22. The mercury content
varies considerable between different regions of the world. It should be noted that it is unclear to what
extent the presented data sets represent regions with particularly high mercury content.
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Table 5-22  Examples of mercury concentrations in wellhead gas

Notes Range Mean Number Reference
(ug/Nm®) (ug/Nm®) | of samples
USA wellhead gas (estimated) <1 *1 Wilhelm, 2001
Russian Federatlpn, 0.05-70 *1 24 %1 48 Lassen et al., 2004
wellhead gas from oil wells
Russian Federation, Lassen et al., 2004
free gas from gas wells 0.07-14 *1 3,4*1 169
(after primary condensate separator)

San Joaquin Valley, California 1.9-21 Bailey et al., 1961 *2
Middle East <50 Hennico et al., 1991 *2
Netherlands 0.001-180 Bingham, 1990 *2
South Africa 100 Hennico et al.,1991 *2
Netherlands 0-300 Gijselman, 1991 *2

Far East 50-300 Hennico et al., 1991 *2
Muchlis, 1981,
Sumatra 180-300 Situmorang and
Muchlis , 1986 *2

Notes *1  The references use the unit ug/m’ without indicating whether the volume is normalized to Nm’;
*2  Ascited in OilTracers (1999-2004).

Table 5-23  Examples of mercury concentrations in pipeline gas (cleaned and as received at consumers)

Country Mercury concentration Reference and notes
pg/m’
Wilhelm, 2001; all results below the
USA <0.02 - <0.2 detection limit of the methods used for
different analyses
Russian Federation 0.03 -0.1 Lassen et al., 2004
Denmark <0.1-0.8 Skérup et al., 2003

328.  Pirrone et al. (2001) reported that “a reduction of mercury to below 10 pg/m’ has to be ob-
tained before the gas can be used”, which may indicate that mercury concentrations in consumer gas
quality may be generally below this level in Europe (the geographical area of interest in the study), but
that the raw natural gas may sometimes have higher mercury concentrations.

5.1.4.4 Examples of mercury in releases and wastes/residues

329.  The major part of the mercury content of the raw natural gas may generally be separated from
the gas into the different gas cleaning waste waters or condensates.

330.  The term gas condensate refers to liquids that can originate at several locations in a gas proc-
essing scheme (Wilhelm, 2001). A generic unprocessed condensate is the hydrocarbon liquid that
separates in the primary separator, either at the wellhead or at the gas plant. Processed condensate is
the C5+ fraction (heavier hydrocarbons) that is a product from a gas separation plant.
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Table 5-24  Examples of mercury concentrations in gas condensates

torence | Namber | Romse | e N
Olsen et al., 1997 *1 4 NR 15 Origins not reported
Shafawi et al., 1999 *1 5 9-63 30 18.6 S.E. Asia
Tao et al., 1998 *1 7 15-173 40 Asian
Lassen et al., 2004 5 60-470 270 270 Russian Federation
Bloom, 2000 *1 18 NR 3,964 11,655 Mostly Asian
Notes: *1 As cited by Wilhelm (2001); "NR" means not reported.

331.  No examples of mercury concentrations in waste water from gas pre-cleaning off-shore have
been found for this Toolkit.

332.  For pipeline gas, i.e. the gas received by consumers, all mercury inputs may be considered as
released to air during use or combustion.

5.1.4.5 Input factors and output distribution factors

333.  Based on the information compiled above on inputs and outputs and major factors determining
releases, the following preliminary default input and distribution factors are suggested for use in cases
where source specific data are not available. It is emphasized that these default factors are based on a
limited data base, and as such, they should be considered preliminary and subject to revisions. In many
cases calculating releases intervals will give a more appropriate estimate of the actual releases.

334.  The primary purpose of using these default factors is to get a first impression of whether the
sub-category is a significant mercury release source in the country. Usually, release estimates would
have to be refined further (after calculation with default factors) before any far reaching action is taken
based on the release estimates.

a) Default mercury input factors

335.  Actual data on mercury levels in the particular natural gas extracted, refined and used, will
lead to the best estimates of releases. However, if data are not available for the particular natural gas
used, then data on levels in similar gases can be used as a surrogate.

336.  Ifno indications are available on the mercury concentration in the oil used, a first estimate can
be made by using the default input factors selected in table 5-25 below (based on the data sets pre-
sented in this section). Because concentrations vary so much, it is recommended to calculate and re-
port intervals for the mercury inputs to this source category. The low end default factors have been set
to indicate a low end estimate for the mercury input to the source category (but not the absolute mini-
mum), and the high end factor will result in a high end estimate (but not the absolute maximum). If it
is chosen not to calculate as intervals, the use of the maximum value is recommended in order to sig-
nal the possible importance of the source category for further investigation. Using a high end estimate
does not automatically imply that actual releases are this high, only that it should perhaps be investi-
gated further.
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Table 5-25  Preliminary default input factors for mercury in various natural gas qualities

Default input factors;
Gas quality ug Hg/Nm’ gas;
(low end - high end)

Raw or pre-cleaned gas 2-200

Pipeline gas (consumer quality) 0.03-04

b) Default mercury output distribution factors

337.  For extraction and refining of natural gas, realistic output distribution factors cannot be set
currently, due to lack of correlated data. Realistic release estimates could be formed by measuring cor-
related mercury concentrations in all inputs and outputs from extraction and refining of natural gas. If
amounts of produced gas condensate are known, mercury releases into condensates can be roughly
estimated by using the mercury concentration data presented in table 5-24 above.

338.  For combustion/use of natural gas, the following default factor shown in table 5-26 below can
be used to calculate an indicative mercury release estimate.

Table 5-26  Preliminary default output distribution factors for mercury from extraction, refining and
use of natural gas

Output distribution factors, share of Hg input
Phase of life cycle Sector specific
Air Water Land Products General treatment/
waste .
disposal
Extraction /refining n.a. n.a. n.a. n.a. n.a.
Combustion/use 1

¢) Links to other mercury sources estimation

339.  No links suggested.

5.1.4.6 Source specific main data

340. The most important source specific data would in this case be:

e  Measured data or literature data on mercury concentrations in the natural gas extracted, refined
and combusted at the source;

e  Amount of natural gas extracted, refined and burned; and
e  Measured data on emission reduction equipment applied on the source (or similar sources with

very similar equipment and operating conditions).

341.  See also advice on data gathering in section 4.4.5.
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5.1.5 Other fossil fuels - extraction and use
5.1.5.1 Sub-category description

342.  This category includes extraction and use of other fossil fuels such as peat (which is a very
young form of coal) and oil shale. Oil shale is a type of shale from which a dark crude oil can be re-
covered by distillation. Like other fossil and non-fossil fuels these may contain traces of mercury,
which can be mobilized by extraction and combustion.

343.  Only limited data have been collected on these potential mercury release sources for this
Toolkit version. If no other data can be found during inventory development work, an option is to
measure mercury concentrations in the fuel types used and in any residues and releases produced.

5.1.5.2 Main factors determining mercury releases and outputs

Table 5-27  Expected release pathways and receiving media during the life-cycle of extraction and use

of other fossil fuels
General Sector specific
Phase of life cycle Air Water | Land |Product treatment/
waste .
disposal
Extraction
Combustion X X X X X

Notes: X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

5.1.5.3 Example of mercury inputs

Table 5-28  Overview of activity rate data and mercury input factor types needed to estimate releases
from extraction and use of other fossil fuels

Life-cycle phase Activity rate data needed Mercury input factor

Combustion Amount of fuels used Mercury concentration in fuels used

344.  Mercury is known to be present in peat and oil shale. For example, one study in North Caro-
lina, USA, reported total mercury concentrations from 40 - 193 ng/g (dry weight) in peat, based on
measurement data (Evans et al., 1984).

345.  Detailed estimates of national consumption of different fuel types, in totals and by sector, are
available on the International Energy Agency's website http://data.iea.org/ieastore/statslisting.asp.

5.1.5.4 Examples of mercury in releases and wastes/residues

346. No data collected.

5.1.5.5 Input factors and output distribution factors
a) Default mercury input factors

347.  Peat: If no other data are available, the mercury concentration mentioned in section 5.1.5.3
above may be used.

348.  Oil shale: No factor was developed.
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b) Default mercury output distribution factors

349.  Peat: If nothing else is known, 100% of the mercury in the peat can be considered as released
to air (as a rough estimate - minor amounts of mercury may likely follow combustion residues and
ashes).

350.  Oil shale: No factors were developed for this source sub-category.

¢) Links to other mercury sources estimation

351.  No links suggested.

5.1.6 Biomass fired power and heat production
5.1.6.1 Sub-category description

352. Many countries and regions rely heavily on the combustion of biomass for power and heat
production. These sources combust wood, including twigs, bark, sawdust and wood shavings; peat;
and/or agricultural residues (such as straw, citrus pellets, coconut shells, poultry litter and camel ex-
cretes) (UNEP, 2003). Wood wastes are used for fuel in industry. In the residential sector, wood is
used in wood stoves and fireplaces (Pirrone ef al., 2001). For this Toolkit, sources within this sub-
category include wood-fired boilers, other types of biomass-fired boilers, wood stoves, fireplaces and
other biomass burning. For the boilers, it is assumed that reasonably well-operated and maintained
power steam generators are employed in order to maximize power output. This section does not ad-
dress firing of contaminated wood.

353. Biomass is burned in a wide array of devices for power generation ranging from small stoker
fired furnaces to large elaborate highly sophisticated boiler/burner systems with extensive air pollution
control (APC) devices. The combustion of biomass for power generation takes place predominantly in
two general types of boilers (stokers and fluidized bed boilers), which are distinguished by the way the
fuel is fed to the system (UNEP, 2003).

354.  The stokers fired boilers use a stationary, vibrating or travelling grate on which the biomass is
transported through the furnace while combusted. Primary combustion air is injected through the
biomass fuel from the bottom of the grate. All these firing systems burn biomass in a highly efficient
manner leaving the majority of the ash as a dry residue at the bottom of the boiler (UNEP, 2003).

355.  The fluidized bed boilers use a bed of inert material (e.g., sand and/or ash), which is fluidized
by injecting primary combustion air. The biomass is shredded and added to the fluidized bed, where it
is combusted. The fluidized ash, which is carried out with the flue gas, is commonly collected in a
(multi-) cyclone followed by an ESP or baghouse and re-injected into the boiler. None or very little
bottom ash leaves the boiler, since all the larger ash particles either remain within the fluidized bed or
are collected by the cyclone separator. Thus, almost all the ash is collected as fly ash in the ESP or
baghouse (UNEP, 2003).

356.  Heating and cooking in residential households with biomass is common practice in many
countries. In most cases the fuel of preference is wood, however, other biomass fuels may be used.

357. Biomass for residential heating and cooking is burned in a wide array of devices ranging from
small, open pit stoves and fireplaces to large elaborate highly sophisticated wood burning stoves and
ovens. The combustion of biomass for household heating and cooking occurs predominantly in de-
vices of increasing combustion efficiency, as the gross national product and the degree of development
of countries increase (UNEP, 2003).
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5.1.6.2 Main factors determining mercury releases and outputs

Table 5-29  Main releases and receiving media from biomass fired power and heat production

General Sector specific
Phase of life cycle Air Water | Land |Product treatment/
waste .
disposal
Combustion X X X X X

Notes: X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

358.  The most important factors determining releases are the mercury levels in the fuel and amount
of fuel burned. Mercury in biofuels originates from both naturally present mercury and mercury de-
posited from anthropogenic emissions (COWI, 2002). For example, trees (especially needles and
leaves) absorb mercury from the atmosphere overtime. This mercury is readily released mostly to air
when the wood and other biomass are burned (Friedli, H.R. ef al., 2001).

359.  Mercury releases from wood combustion and other biofuels may be significant in some coun-
tries (COWI, 2002). Most of the mercury in the biomass is expected released to the air from the com-
bustion process. A smaller amount of mercury may be released to the ashes or residues, the extent of
which depends on the specific material burned, type of combustion device, and any emission controls
present.

5.1.6.3 Discussion of mercury inputs

Table 5-30  Overview of activity rate data and mercury input factor types needed to estimate releases
from biomass fired power and heat production

Activity rate data needed Mercury input factor

Type and amount of biomass burned Concentration of mercury in the biomass burned

360. The main input factor needed is the concentration of mercury in the wood or other biomass
burned at the source and the amount of each type of biomass that is burned.

361. Foruncontrolled wood combustion sources, the US EPA developed an emission factor of
0.0021 grams of mercury per metric tons of wood, as burned (i.e., wet weight). Using the assumption
that all of the mercury in wood from these uncontrolled sources is emitted to the air, it is estimated that
the average concentration of mercury in wood burned in the USA is about 0.002 ppm (US EPA, 1997a
and NJ MTF, 2002).

362.  An average atmospheric emission factor of 0.0026 g mercury per metric tons burned wood is
recommended by the US EPA as the so-called "best typical emission factor" for wood waste combus-
tion in boilers in the USA (US EPA, 1997b).

363. Ininvestigations in the USA, the mercury content of litter and green vegetation from seven
locations in the USA ranged from 0.01 — 0.07 mg Hg/kg dry weight (Friedly et al., 2001).

364.  According to Danish investigations the mercury content of wood and straw burned in Den-
mark is in the range of 0.007 - 0.03 mg/kg dry weight (Skérup et al., 2003).

365.  Swedish investigations found mercury concentrations of 0.01 - 0.02 mg/kg dry weight in fuel
wood; however, concentrations of 0.03 - 0.07 mg/kg dry weight in willow wood were found (Kindbom
and Munthe, 1998). In bark, a mercury concentration of 0.04 mg/kg dry weight was found, whereas in
fir needles the concentration was 0.3 - 0.5 mg/kg dry weight (Kindbom and Munthe, 1998).
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366. Detailed estimates of national consumption of different fuel types, in totals and by sector, are
available on the International Energy Agency's website http://data.iea.org/ieastore/statslisting.asp.

5.1.6.4 Examples of mercury in releases and wastes/residues

367.  Although some wood stoves use emission control measures such as catalysts and secondary
combustion chambers to reduce emissions of volatile organic compounds and carbon monoxide, these
techniques are not expected to affect mercury emissions. However, some wood-fired boilers employ
PM control equipment that may provide some reduction. Currently, the four most common control
devices used in the USA to reduce PM emissions from wood-fired boilers are mechanical collectors,
fabric filters, wet scrubbers, and electrostatic precipitators (ESP’s). Of these controls, the last three
have the potential for significant capture of mercury (US EPA, 1997a, US EPA, 2002a and US EPA,
1996).

368.  The most widely used wet scrubbers for wood-fired boilers in the USA are venturi scrubbers.
No data were identified on the control efficiency of these devices for mercury emissions on wood
boilers. However, some control is expected. Fabric filters and ESP’s are also employed on some of
these wood boilers. Data were not identified for the control efficiencies of these devices on wood fired
boilers. However, based on data from coal combustion plants, collection efficiencies for mercury by
FFs may be 50% or more, and efficiencies for ESP’s are likely to be somewhat lower, probably 50%
or less (US EPA, 1997a and US EPA, 2002a).

369.  The data on mercury releases from wood combustion are limited. A report by the National
Council of the Paper Industry for Air and Stream Improvement (NCASI) in the USA provided a range
and average emission factor for boilers without ESP’s and for boilers with ESP’s (NCASI, 1995, as
cited in US EPA, 1997a). The boilers without ESP’s had a variety of other control devices including
cyclones, multiclones, and various wet scrubbers. The average emission factor reported for boilers
without ESP’s was 3.5 x 10°® kg/metric tons of dry wood burned. The average emission factor reported
for boilers with ESP’s was 1.3 x 10 kg/metric tons of dry wood burned. For combustion of wood
scaps in uncontrolled boilers, the US EPA established an average emission factor for mercury emis-
sions (based on four emission tests) of 2.6 x 10 kg/metric tons of wet, as-fired wood burned (U.S
EPA 1997a).

5.1.6.5 Input factors and output distribution factors

370. No attempt was made so far to develop default input and output factors for this sub-category.
If no specific data are available, release estimates can be based on the information given above.

5.1.6.6 Source specific main data

371.  The most important source specific data would in this case be:

e  Measured data or literature data on the mercury concentrations in the types of biomass combusted
at the source;

e  Amount of each type of biomass burned; and
e  Measured data on emission reduction equipment applied on the source (or similar sources with

very similar equipment and operating conditions).

372.  See also advice on data gathering in section 4.4.5.

5.1.6.7 Summary of general approach to estimate releases

373.  The overall approach to estimate releases of mercury to each pathway from biomass combus-
tion is as follows:
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Input f.actor Activity rate Distribution factor
(concentration of Hg * (amount of each type of * for each pathwa
in the biomass burned at plant) biomass burned per year) p Y

and the total releases are the sum of the releases to each pathway.

5.1.7 Geothermal power production
5.1.7.1 Sub-category description

374.  Geothermal power plants exploit elevated underground temperatures for energy production
and are mostly situated in areas with special geothermal activity, sometimes in areas with volcanic
activity. These power plants are either dry-steam or water-dominated. For dry-steam plants, steam is
pumped from geothermal reservoirs to turbines at a temperature of about 180 °C and a pressure of 7.9
bars absolute. For water-dominated plants, water exists in the producing strata at a temperature of ap-
proximately 270 °C and at a pressure slightly higher than hydrostatic. As the water flows towards the
surface, pressure decreases and steam is formed, which is used to operate the turbines (US EPA,
1997a).

375.  The mercury releases from geothermal power plants are caused by the mobilisation of mercury
naturally occurring under these geological conditions.

5.1.7.2 Main factors determining mercury releases and mercury outputs

Table 5-31  Main releases and receiving media during geothermal power production

General Sector specific
Phase of life cycle Air Water | Land treatment/
waste .
disposal

Geothermal power production X

Notes: X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national
situation.

376.  Mercury is released to the air from geothermal power plants, and possibly to other media.
Mercury emissions at geothermal power plants are released via two outlet types: off-gas ejector and
cooling towers (US EPA, 1997a).

5.1.7.3 Discussion of mercury inputs

Table 5-32 Overview of activity rate data and mercury input factor types needed to estimate releases
from geothermal power production

Life-cycle phase Activity rate data needed Mercury input factor

Geothermal power production Mwe/hour Grams (g) Hg released per Mwe/hour

377. Important input factors include an estimate of the energy production in megawatt (Mwe) per
hour and an estimate of the amount of mercury mobilized per megawatt hour (g Hg/Mwe/hr).

5.1.7.4 Examples of mercury in releases and wastes/residues

378.  For off-gas ejectors the US EPA presents a range of atmospheric emissions factors of
0.00075 - 0.02 grams of mercury per megawatt hour (g/Mwe/hr) with an average of 0.00725 g
Hg/Mwe/hr. For cooling towers, EPA presents a range of 0.026 - 0.072 g Hg/Mwe/hr for air emis-
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sions factors with an average of 0.05 g/Mwe/hr (US EPA, 1997a). However, these factors are based on
limited emissions data obtained in 1977 in the USA and process information was not provided and the
data have not been validated. Therefore, the emissions factors should be used with caution (US EPA,
1997a).

5.1.7.5 Input factors and output distribution factors

379.  No attempt was made so far to develop default input and output factors for this sub-category.
If no specific data are available, release estimates might be based on the information given above.
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5.2 Primary (virgin) metal production

Table 5-73  Primary (virgin) metal production: sub-categories with main pathways of releases of mer-
cury and recommended inventory approach

Waste/ Main in-
Chapter Sub-category Air Water | Land |Product . ventory
residue
approach
591 Primary extraction and processing of X X X X X PS
mercury
599 Gold and silver extraction with mer- X X X oW
cury-amalgamation process
523 Zinc extraction and initial processing X X X X X PS
594 Slc;pper extraction and initial process- X X X X X PS
525 Lead extraction and initial processing X X X X X PS
Gold extraction and initial processing
5.2.6 by other processes than mercury X X X X X PS
amalgamation
597 Alummgm extraction and initial X X X PS
processing
598 Extraction and processing of other X X X X PS
non-ferrous metals
529 Primary ferrous metal production X X PS
Notes: PS = Point source by point source approach; OW = National/overview approach;

X - Release pathways expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

5.2.1 Mercury extraction and initial processing
5.2.1.1 Sub-category description

380.  Mercury mining is known to have caused extensive mercury releases to terrestrial, atmos-
pheric and aquatic environments, with both local and regional pollution as a consequence. There are
examples of nations with former mercury mining activities struggling to manage such pollution many
years after the mining activities have ceased. Release reduction technologies may perhaps be applied
in some cases, possibly influencing the distribution of releases among the environmental compart-
ments. Many mercury mines have ceased production during the last decades, due to the decreased de-
mand in the western world.

381.  Estimates for global primary production of mercury from dedicated mercury mining and mer-
cury produced as a by-product from other mining or extraction processes, as reported by the US Geo-
logical Survey, are presented in table 5-34. Only some of the countries listed in the table still have
dedicated mercury mining today; examples are Spain, Algeria and Kyrgyzstan. Reese (1999) notes,
however, that most countries do not report their mercury production, resulting in a high degree of un-
certainty on the presented world production numbers (UNEP, 2002). See UNEP (2002) for more in-
formation.

382.  This sub-category covers only the processes involved in intended mining of mercury. Produc-
tion and marketing of mercury as a by-product from other mining or extraction processes, as well as
production of post-consumer recycled mercury, are covered in other sections of this document.
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Table 5-34  Estimated world production of primary (mined) mercury (metric tons), as reported by the
US Geological Survey (Jasinski, 1994, Reese, 1997, 1999, unless noted, aggregation as
presented in the submission from the Nordic Council of Ministers) and by Hylander and
Meili (2002) for the year 2000)

Country 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000
Algeria *1 459 414 292 368 447 224 200 240
China *2 520 470 780 510 830 230 200 200
Finland *3 98 89 90 88 63 80 80 45
Kyrgyzstan *4 1000 | 379 380 584 610 620 620 600
Mexico 12 12 15 15 15 15 15 25
Russia 60 50 50 50 50 50 50 -
Slovakia 50 50 0 0 0 20 0 0
Slovenia ? 6 0 5 5 5 0 0
Spain 643 393 1497 | 862 863 675 600 | 237 *5
Tajikistan 80 55 50 45 40 35 35 40
Ukraine 50 50 40 30 25 20 - -
USA \ W w 65 W - - 15
Other countries - 223 200 - - 830 380 448
Totals for reported activity| 3000 | 2200 | 3400 | 2600 | 2900 | 2800 | 2200
(rounded)

Notes: This table was adapted from table 7.2 of UNEP, 2002;
w  Withheld in the references;
- Not relevant or not available;

1 Numbers for Algeria in 2003 and 2004 (estimated) have been reported to be 300 and 400, re-
spectively. Source:
http://minerals.usgs.gov/minerals/pubs/commodity/mercury/mercumcs05.pdf

2 Numbers for Chine in 2003 and 2004 (estimated) have been reported to be 610 and 650, re-
spectively. Source: Idem

3 Numbers for Finland from 1993-1997 are from Finnish Environment Institute (1999) and rep-
resent by-product mercury from zinc production;

4 Numbers for Kyrgyzstan in 2003 and 2004 (estimatd) have been reported to be 300 and 300,
respectively. Source:
http://minerals.usgs.gov/minerals/pubs/commodity/mercury/mercumcs05.pdf

5 Spain has reported a production in 2000 of 237 metric tons from the Spanish mercury mines.
Numbers for Spain in 2003 and 2004 (estimated) have been reported to be 150 and 200, re-
spectively. Source:
http://minerals.usgs.gov/minerals/pubs/commodity/mercury/mercumcs05.pdf

383.  Despite a decline in global mercury consumption (global demand is less than half of 1980 lev-
els), supply from competing sources and low prices, intended production of mercury from mining is
still occurring in a number of countries. While about 25 principal mercury minerals are known, virtu-
ally the only deposits that have been harvested for the extraction of mercury are cinnabar (UNEP,
2002).

384.  Mercury is extracted by the use of pyrometallurgical processes. For a description of processes
involved, see European Commission (2001).
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5.2.1.2 Main factors determining mercury releases and outputs

Table 5-35  Main releases and receiving media during the life-cycle of primary extraction and process-
ing of mercury

General Sector specific
Phase of life cycle Air Water | Land |Product treatment/
waste .
disposal
Extraction and processing X X X X X

Notes: X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

5.2.1.3 Discussion of mercury inputs

385.  Mercury is a natural 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 gener-
ally contain about 1% mercury, although the strata mined in Spain typically contain up to 12-14%
mercury (UNEP, 2002).

386.  Mercury balances have been made for one of the large mercury extraction facilities in the
world in Idrija, Slovenia, which was closed down in 1995. For the total period of 1961-1995, 9777
metric tons of mercury was extracted from 4.2 million metric tons of ore. For the same period, an es-
timated 243 metric tons of mercury was lost to the environment, of which 168 metric tons were depos-
ited in landfills as smelting residue, 60 tons was emitted to the atmosphere with flue gas, and 15 tons
was released to the Idrijca river with condensation water (Kotnik et al., 2004).

5.2.1.4 Examples of mercury in releases and wastes/residues

387. See information above.

5.2.1.5 Input factors and output distribution factors

388.  No attempt was made so far to develop default input and output factors for this sub-category.
If no specific data are available, rough release estimates can be based on the information given above.

5.2.1.6 Source specific main data

389.  The most important source specific data would in this case be:

e  Amount of ore processed and mercury concentrations in these ores;
e  Amount of mercury recovered;
e  Amount of mercury lost per unit ore processed or per unit mercury recovered; and

e  Control techologies present and the performance of these controls.

5.2.2 Gold and silver extraction with mercury-amalgamation processes
5.2.2.1 Sub-category description

390.  Mercury has been used in gold and silver mining since Roman times. Generally, this mining
process involves the following: the wet ore (or mud or ore concentrate) is mixed with metallic (liquid)
mercury; the mercury dissolves the gold or silver in the mud; the remaining mud is washed away leav-
ing a mercury-gold (or mercury-silver) amalgam; and the amalgam is then heated to release the mer-
cury, with impure gold and/or silver remaining. With the invention of an adjustment of this refining
method — the "patio" process where mercury-wetted copper plates are used instead of liquid mercury —
in Spanish colonial America, silver and gold were produced in large scale in America as well as in
Australia, Southeast Asia and even in England. Mercury released to the biosphere due to this ancient
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activity may have reached over 260,000 metric tons in the period from 1550 to 1930, after which
known, easily exploitable gold and silver reserves were nearly exhausted, and the mercury amalgama-
tion process was partly replaced by the more efficient large scale cyanidation process, enabling extrac-
tion of gold (and/or silver) from low-concentration ores (UNEP, 2002).

391.  Increases in gold prices and the prevailing difficult socio-economic situation in the 1970’s,
resulted in a new gold rush, especially in the southern hemisphere, involving more than 10 million
people on all continents. Presently, mercury amalgamation is used as the major artisanal technique for
gold extraction in South America (especially the Amazon), China, Southeast Asia and some African
countries. In Brazil, mercury amalgamation was used for the production of 5.9 metric tons of gold in
1973. In 1988, this figure had increased to over 100 metric tons per year. During the 1990’s this figure
decreased again due to falling gold prices and exhausted deposits (Uppsala University, as cited in
UNEP, 2002).

392. Based on studies by various researchers, it has been estimated that somewhere between 350
and 1000 tons of mercury have been used globally per year in the 1990s for small-scale (or artisanal)
mining for gold and silver (UNEP, 2002).

5.2.2.2 Main factors determining releases and mercury outputs

Table 5-36 ~ Main releases and receiving media from gold and silver extraction with the mercury-
amalgamation process

General Sector specific
Phase of life cycle Air Water | Land |Product treatment/
waste .
disposal

Gold and silver extraction with the

. X X X
mercury-amalgamation process

Notes: X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

393.  Mercury is released directly from these mining activities to the air, water, sediments and soils.
The mercury-gold amalgam from the extraction process releases mercury as vapour to the air when
heated in one of the steps in the purification. The evaporation is often done with no retention of the
evaporated mercury. Sometimes the evaporation step is done in semi-closed "retorts", in which parts
of the evaporated mercury are condensed and re-used. Mercury is also present in mine tailings, which
can lead to future releases to land, water and air. Mercury is found at extraction sites, trading posts,
and in soil, plants, sediments and waterways in the area of these operations. This gold extraction proc-
ess is simple and cheap, but not very efficient either in terms of gold recovery or mercury retention.
The process has lead to intense mercury pollution of the terrestrial, aquatic and atmospheric environ-
ment in large areas around these operations, and has also contributed significantly to the levels of mer-
cury in the global environment (COWI, 2002).

5.2.2.3 Discussion of mercury inputs

Table 5-37  Overview of activity rate data and mercury input factor types needed to estimate releases
from gold and silver extraction with the mercury-amalgamation process

Potential Activity rate data

to be used to estimate releases Possible input factor

Estimate of average ratio of mercury used per unit of
gold or silver produced with feed materials and technol-
ogy prevailing in the area investigated

Total amount of gold or silver
produced using such techniques
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394. Indicative estimates of potential mercury inputs to small-scale mining may be estimated from
simple thumb's rules, but more factors can be involved when attempting to qualify mercury inputs and
release estimates further in a country or region. These factors are discussed here.

395.  Main factors influencing mercury input factors and releases are:

e Total amount of gold or silver produced using such techniques;
e  Number of miners engaged in such activities;

e  Percent of miners who use retorts, which limit the atmospheric releases and allow internal recy-
cling of mercury; and

e  Percent of miners who use mercury to amalgamate gold/silver from whole ores, as opposed to
miners who concentrate ores first, then apply mercury to concentrated ores instead of whole ores.

396.  The amount of mercury used per unit gold (or silver) extracted varies according to methods
and equipment used and other factors. For example, if mercury is used to extract gold from the whole
ore, and no recovery devices are utilized, the ratio of amount of mercury used to amount of gold ex-
tracted (Hgused: AUextracted) 18 >3:1 (i.e., more than 3 kg of mercury used per 1 kg of gold obtained). If
mercury is used on ore concentrates (instead of whole ores) the ratio is about 1:1. If ore concentrates
and a retort are used, the amount of mercury used is much lower (ratio is about 0.001) (UNIDO,
2003). Lacerda (1997) reviewed literature on estimated mercury amounts consumed per kg of gold
produced with the amalgamation process and reported that while such input factors varied widely,
most fell in the interval of 1-2 kg mercury consumed per 1 kg gold produced.

397. In addition to the intended use of mercury, another - yet relatively smaller - source of mercury
from small-scale gold mining is the mobilization of naturally occurring mercury impurities in gold ore
(COWI, 2002).

5.2.2.4 Examples of mercury in releases and wastes/residues

398.  The percent of mercury lost and the pathways of release vary with amalgamation method. If
no controls are used and the amalgam is heated in open containers to evaporte the mercury, then most
of the mercury input is released to air and no mercury is recovered. On the other hand, if a retort is
used, the atmospheric releases will be smaller, because some of the mercury is recovered in the retort
and re-used (mercury recovery from the process ranges from about 51 - 99%; UNIDO, 2003).

399.  According to Lacerda, an estimated 65-87% of the mercury inputs were deemed emitted to the
atmosphere, and the rest was released to soil and aquatic environments (Lacerda, 1997, as cited in
UNEP, 2002).

400.  According to Maxson and Vonkeman, it was estimated that in the early-mid-1990’s at least
95% of the mercury used was lost to the environment (Maxson and Vonkeman, 1996, as cited by
Scoullos et al., 2000).

401.  In several South American countries, there are examples of programmes to promote less pol-
luting mercury-based extraction equipment, raise awareness of hazardous qualities of mercury and
provide other assistance and information regarding environmental, social and business aspects. Some
projects are also assessing or attempting to enhance the possibilities and capabilities of authorities (and
other interested parties) to enforce environmental regulations in small-scale gold mining areas (Mer-
cury as a Global Pollutant, 1999, as cited in UNEP, 2002).

402.  UNIDO states that “one of the most common and confusing points in reporting this ratio
(Hg1ost: AUproduced) 18 that some authors report only the Hgusea: AUproduced Tatio, which does not necessarily
reflect the amount of mercury lost. In many cases the amount of mercury recycled is not reported. It is
important to carefully use the Hgjos: AUproduced Tatio as an approximate and regional estimate of mer-
cury releases from various operations in an ASM region. The ratio of Hgjosi: AUproducea Varies from one
operation to another and, when very little gold is produced, the ratio can give a false impression that a
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high amount of mercury was lost” (UNIDO, 2003). UNIDO recommends the approach described be-
low to establish-site specific mercury release estimates.

UNIDO recommendations for site-specific approach to estimate mercury releases from mining
operations

403.  The following approach is based on information presented in UNIDO’s recent document “Pro-
tocols for Environmental and Health Assessment of Mercury Released by Artisanal and Small-scale
Miners” (UNIDO, 2003); for more details please see the reference. Mercury emissions depend fun-
damentally on the mining and processing methods used by artisanal and small-scale mining (ASM). It
is difficult to obtain reliable quantitative data about mercury emissions from active ASM operations,
because miners often do not provide information about the amount of mercury being used, and gold
production is very uncertain. However, some useful information may be obtained if the effort is made.

404.  In abandoned sites, the task is much more difficult. Analyses of geochemical materials sur-
rounding the mining site can provide only qualitative historical information about the level of mercury
emissions. Moreover, uncertainties associated with sampling processes prevent accurate determina-
tions about the amount of mercury lost to the environment.

405.  To obtain reliable figures about the amount of mercury lost and gold produced from a particu-
lar mining activity, a trustworthy relationship with the miners is necessary to allow the investigator to
view the mining operation and to obtain dependable information from the miners. Miners may become
suspicious when strangers are “inspecting” their activities. Conducting a detailed survey about the
amount of mercury entering and leaving each operation is a time-consuming process.

406.  In active mining operations, interviewing miners can provide good estimates of the quantity of
mercury lost. The following suggestions have been provided by UNIDO (UNIDO, 2003):

e Interview operation owners, who are in charge of supplying mercury as well other consum-
ables;

e Obtain costs and amounts of all consumables such as diesel, carpet, soap, mercury, etc.; be
sure to have the amount of mercury being monthly or weekly purchased;

e Interview as many owners as possible and check for inconsistencies in data;

e Verify that the miner is providing correct information about the amount (and cost) of consum-
ables per day or per month, per unit or per group of unit; the same must be checked when ob-
taining information about gold production;

e Obtain estimates of gold production in dry and rainy seasons;

e (Obtain average estimates of gold production (miners can exaggerate providing production es-
timates mostly from “good days”);

e If possible, ask permission to assess the processing operation and weigh all mercury being in-
troduced and recovered;

e Sample amalgamation tailing and analyze for mercury; knowing the weight of amalgamation
tailings being produced per day and the mercury concentration, it is possible to calculate the
amount of mercury lost when tailings are discharged;

e Ifretorts are not being used, weigh amalgam before burning and doré, after burning;

e Ifretorts are being used, weigh the amalgam before retorting and after, as well as the mercury
recovered; this can give some idea about the residual mercury in the doré;

e  Check if the mercury balance through sampling is consistent with the data on the amount of
mercury purchased provided by the miners.
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407.  In order to obtain sufficient data to estimate average amounts of gold produced and mercury
lost in a mining region, this procedure above may be repeated at as many mining operations as possi-
ble (UNIDO, 2003). The information obtained from all sites may then be analyzed, and ranges and
averages can be calculated. See UNIDO (2003) for more information.

5.2.2.5 Input factors and output distribution factors

408.  Based on the information compiled above on inputs and outputs and major factors determining
releases, the following preliminary default input and distribution factors are suggested for use in cases
where source specific data are not available. It is emphasized that the default factors suggested in this
pilot draft Toolkit are based on a limited data base, and as such, they should be considered preliminary
and subject to revisions as the data base grows.

409.  The primary purpose of using these default factors is to get a first impression of whether the
sub-category is a significant mercury release source in the country. Usually release estimates would
have to be refined further (after calculation with default factors) before any far reaching action is taken
based on the release estimates.

a) Default mercury input factors

410.  As mentioned above, specific information on the gold extraction methods used will give the
best mercury input estimates. If no specific information on the mercury inputs is available, the default
input factor indicated by UNIDO can give a rough indication of potential mercury inputs to this sector.
If no information on whether whole ore or concentrates are extracted upon, and whether retorts are
used, it is recommended to calculate an interval using the lowest and the highest input factors shown
below to indicate the possible range of the inputs.

Table 5-38  Preliminary default input factors for mercury consumption for gold extraction with the mer-
cury amalgamation process

Default input factors;

Process
kg mercury per kg gold produced;
Extraction from whole ore 3
Extraction from concentrate 1

Extraction from concentrate and with use of retorts

0.001
(see text above)

b) Default mercury output distribution factors

411.  No data collected for this Toolkit give more specific indications of the mercury output distri-
bution between environmental media. The distribution is likely also very dependent on the exact ex-
traction methods used, and whether the whole raw ore/mud, water, or only the gravitation concentrates
are in contact with the mercury during the extraction processes, and whether mine tailings are leaft on
land or is dumped in a river (from which the gold-rich sediment were excavated). The default mercury
output distribution factors given below are artificial, and meant only to indicate that substantial mer-
cury input may take place through these pathways.
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Table 5-39  Preliminary default distribution factors suggested for gold (and silver) extraction with mer-
cury-amalgamation *1

General Sector specific
Air Water Land | Products treatment/
waste .

disposal

Extraction of gold with mercury

0
amalgamation processes *1 06 0.2 0.2 ’

Notes: 1* The distribution shown is based on a very limited database and was set here with the main purpose
of signalling that releases to these media may be significant. The actual distribution in specific sites
may vary much because of different production conditions, site characteristics and ore/concentrate
types, and should be investigated in more detail to qualify the estimates.

¢) Links to other mercury sources estimation

412.  No links suggested.

5.2.2.6 Source specific main data

413. See discussions above.

5.2.2.7 Summary of general approach to estimate releases

414. See discussions above.

5.2.3 Zinc extraction and initial processing

415.  Schwarz (1997) estimated that global zinc production gives rise to mobilisation of several
hundred metric tons of mercury per year - a low end estimate for 1995 was 600 metric tons - making
zinc production rank among the largest sources of mercury outputs in terms of marketed by-product
mercury and potential releases. Emissions to the atmosphere from non-ferrous metal production has,
however, been reduced significantly in some countries in the last few decades (Environment Canada,
2002; UNEP, 2002).

416.  The processes involved in extraction of non-ferrous metals are well described. See for exam-
ple (European Commission, 2001), (Environment Canada, 2002) and (Rentz ef al, 1996), on which
much of the general process description in this section is based. Quantitative descriptions of mercury
mass balances over such operations - corresponding input and output distribution estimates - seem,
however, not to be easily available. Therefore, the quantitative aspects of the description in this section
has been put together piece by piece from different sources, and for several aspects in the text, it has
only been possible to give qualitative indications based on expert judgement.

417.  Large scale industrial mining and metal extraction operations are few in number in any coun-
try where they operate, their feed materials and production configurations vary significantly, and they
may be potent mercury release sources. Given these factors, it is highly recommended to use a point
source approach in the inventory, and, if feasible, compile point source specific data from the operat-
ing companies themselves, as well as from other relevant data sources with knowledge of the specific
production facilities.

5.2.3.1 Sub-category description

418.  Ore for extraction of zinc (mainly sulphide ore) can contain trace amounts of mercury. In the
process of extracting the zinc from the ore, processes are used which release this mercury from the
rock material. This mercury may evaporate and follow the gaseous streams in the extraction processes
(in most cases) or follow wet (liquid) process streams, depending on the extraction technology used.
Unless the mercury is captured by process steps dedicated to this purpose, major parts of it may likely
be released to the atmosphere, land and aquatic environments. Retained mercury may be sold in the
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form of "calomel" (Hg,Cl,), normally sold for off site extraction of metal mercury or on-site processed
metal mercury, or it may be stored or deposited as solid or sludgy residues (Environment Canada,
2002). Marketing of recovered by-product mercury from extraction of zinc and other non-ferrous met-
als accounts for a substantial part of the current global mercury supply. Besides these output pathways,
part of the mercury input (presumably a minor fraction) follows co-produced sulphuric acid at trace
concentrations (European Commission, 2001).

419.  Primary production of zinc generally includes the following processes: Concentration of zinc
ore, oxidation (roasting or sintering) of zinc concentrate, production of zinc (by means of electro-
chemical or thermal processes), and refining of zinc. Production of primary zinc is often accompanied
by production of sulphuric acid using standard processes, and also a number of by-product metals are
produced (such as Cu, Pb, Ag and Au among several others depending on the ore/concentrate types
used).

420.  In order to illustrate the principles influencing the mercury releases from large scale non-
ferrous metal extraction, the types of processes involved are described in the following in a bit more
detail with zinc production as an example.

Mining of ore and production of concentrates

421.  Ore is mined from open pit or underground mines, and zinc-rich fractions are separated from
the waste rock after grinding and milling to reduce particle sizes by mechanical separation processes,
usually floatation or other processes employing suspension in water.

422.  Different zinc ore types exist and their use vary somewhat depending on the extraction tech-
nology employed as described below, but the sulphidic mineral ZnS, named "zincblende" or
"sphalerite" is by far the most economically important ore type for zinc extraction (Ullmann, 2000).

423.  The produced concentrate is transported to the extraction plants, which may be receiving con-
centrate from mines nearby, but also from the global market. For example, some plants in Canada re-
ceive mainly concentrate from local mines, while large parts of the concentrate processed in European
zinc production plants are imported from the global market (Environment Canada, 2002; European
Commission, 2001).

424.  Waste rock with no or low metal content and the parts of the reject ore material which has
been separated from the zinc-rich concentrate (parts of the so-called tailings), is usually stored on site
in tailings ponds, tailings piles/heaps or back-filled into the mines.

425.  The waste rock and tailings may - just like the generated concentrates - contain trace amounts
of mercury. This material is much more susceptible to weathering than the original deposits, due to the
reduced particle sizes and higher accessibility for air and precipitation. For sulphicid ores, which are
important ore types for production of several base metals, this weathering liberates and oxidizes the
contained sulphur and produce sulphuric acid. The acid renders the constituents (most likely including
mercury) more soluble and thus potentially increases leaching of the metal to the environment many
fold as compared to the untouched mineral deposit. This process is called "acid rock drainage" (or
ARD) and is considered a serious environment risk (European Commission, 2003).

426.  From the rather quick data compilation that has been possible for development of this pilot
draft Toolkit, few data has been identified on mercury concentrations in crude ore, zinc concentrates
and reject material. Quantitative data on release of mercury from waste rock and mining tailings to air,
water and land have not been identified. But this release source should not be neglected, because even
moderate mercury concentrations in the material may render substantial mercury amounts mobile be-
cause of the enormous amounts of materials handled in mining operations.
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Extraction of zinc from concentrate

427. A zinc extraction plant is a complex mechanical/chemical production plant comprising a chain
of unit operations, generally following one of the two principles called "hydrometallurgical" and "py-
rometallurgical" production. The following description is focusing narrowly on aspects relevant to
mercury inputs and releases. Additional overview and technical description can be found in for exam-
ple (European Commission, 2001), (Environment Canada, 2002), (Rentz et al, 1996) and (Fugleberg,
1999).

Roasting or sintering

428.  Common for the two principles is an initial oxidization (roasting or sintering) of zinc concen-
trate to eliminate most of the sulphur in the concentrate prior to further treatment. Sintering requires
addition of fuels (oil or natural gas), which may be a source of minor additional mercury inputs,
whereas roasting produces energy (by oxidation of sulphur) and requires no addition of fuels (Euro-
pean Commission, 2001). Sintering and roasting take place at high temperatures (roasting at up to
1000 °C; Rentz et al., 1996), and most of the mercury present in the concentrate is expected to be
evaporated in this oxidation step. If the production plant is equipped with a sulphuric acid production
plant (which may often be the case), most of the mercury initially follows the gas stream to the acid
plant.

429.  Dust generating processes, including breaking of sinters and roasted material, may be
equipped with fabric filters or other filters (Rentz et al., 1996) retaining (part of) the dust, which may
possibly contain a minor portion of the mercury inputs. However, no data were identified on this issue.
Such retained dusts are often recycled back into the process, whereby any retained mercury is re-
introduced in the materials flow and may become subject to releases to the environment.

Exhaust gas cleaning from roasting and sintering

430.  First, the gas is passed through a sequence of particle filters, typically cyclones (retaining lar-
ger particles), hot electrostatic precipitators - ESP's (fine particles), and wet ESP's. Moisture and parti-
cles may also be controlled by the use of scrubbers. Cyclones and hot ESPs generate dry solid wastes,
which may contain mercury, and wet ESP's and scrubbers generate sludges, which may likely contain
more mercury than the initial residues due to lowered temperatures and content of fine particles. These
residues may be recycled into other steps of the extraction operations, or disposed off on site, depend-
ing on plant configuration and content of sellable metals in the residues.

431. It should be noted that mercury is expected to primarily be present in the gas phase in exhaust
gas cleaning steps and other decisive process steps of the smelter/extraction operations. Contrary to
most other heavy metals, substantial parts of mercury may not be associated with particles in the ex-
haust gases, and these parts will not be retained well in particle filters. The sintering and roasting
processes are, however, designed to oxidize the concentrates, and parts of the mercury present may
likely exist in an oxidised gaseous form. Recent research on mercury retention in particle filters in coal
combustion plants indicate that oxidized mercury is retained better than elemental mercury gas in
these filters, probably due to reactions/adsorption on particle material (see section 5.1.1).

432.  If the smelter is not equipped with a dedicated mercury removal step after the particle filters,
the remaining mercury - still the major parts of mercury inputs - is expected to partly be released to the
atmosphere and partly be contained in the marketed sulphuric acid.

433.  If the smelter is equipped with a mercury removal step before the acid plant, mercury is sepa-
rated from the gas here by specific methods for this purpose, for example in the form of "calomel"
(Hg,Cl; - often used for later mercury metal production). Different methods employed for this are de-
scribed below.

434.  Sometimes mercury concentrations are further reduced in the produced sulphuric acid before
sale, for example by the use of the so-called "Superlig lon Exchange" process (reduces mercury con-
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centrations to < 5 ppm or mg/1)) or the "Potassium lodide" process. In an EU reference document on
non-ferrous metal production it is mentioned, that the sulphuric acid "product specification is normally
< 0.1 ppm (mg/1)" (European Commission, 2001).

435.  If the zinc smelter is neither equipped with a mercury removal step nor with a sulphuric acid
plant, most of it will likely be released to the atmosphere, while minor parts may be retained by parti-
cle filters/scrubbers.

436.  One extraction method called "direct leaching", or "pressure leaching" does not involve initial
roasting or sintering. Here, the concentrate is lead directly to leaching in sulphuric acid solutions. In
this process the mercury content of the concentrates most likely follow the precipitated sludges from
the leaching and purification steps.

Mercury removal in the gas stream to the sulphuric acid plant

437. A number of processes may be used to remove mercury from the sulphuric gasses from roast-
ing/sintering of non-ferrous metal concentrates before they reach the sulphuric acid plant. The most
commonly used are the so-called Boliden/Nordzink and Outocompo processes (European Commis-
sion, 2001). The following process types are listed in (European Commission, 2001); see this refer-
ence for more details:

Boliden/Norzink process: This process is based on a wet scrubber using the reaction between
mercuric chloride and mercury to form mercurous chloride (calomel), which precipitates from the
liquid. The process is placed after the washing and cooling step in the acid plant, so the gas is dust
and SOs free and the temperature is about 30 °C. The gas is scrubbed in a packed bed tower with
a solution containing HgClz. This reacts with the metallic mercury in the gas and precipitates it as
calomel (Hg2Cl2). The calomel is removed from the circulating scrubbing solution and partly re-
generated by chlorine gas to HgClz, which is then recycled to the washing stage. The mercury
product blend is either used for mercury production or stored.

QOutokumpu process: In this process the mercury is removed before the washing step in the acid
plant. The gas, at about 350 °C, is led through a packed bed tower where it is washed counter cur-
rently with an about 90% sulphuric acid at about 190 °C. The acid is formed in situ from the SO3
in the gas. The mercury is precipitated as a mercury-selenium-chloride compound. The mercury
sludge is removed from the cooled acid, filtered and washed and sent to the production of metallic
mercury. Part of the acid is then recycled to the scrubbing step.

Bolchem process: Wet process. Mercury sulphide is produced and other reagents are recycled
back into the same process.

Sodium thiocyanate process: Wet process. Mercury sulphide is produced and sodium thiocy-
anate is regenerated.

Activated carbon filter: Dry process. Produces mercury containing activated carbon.

Selenium scrubber: Wet process. Product not described in (European Commission, 2001), but
may presumably be mercury-selenium compounds.

Selenium filter: Dry process. Mercury selenide is produced.
Lead sulphide process: Dry process. Produces mercury containing lead sulphide nodules.

438.  The produced residues are toxic and should be handled with great care. If mercury containing
residues are deposited, significant releases to land, air and aquatic environments may possibly occur
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unless proper techniques are used to prevent such releases; for example by precipitating mercury as
stable compounds and/or lining and covering the waste deposit area.

439.  Retained mercury from the mercury removal processes is often marketed as crude mercury
compounds or mercury containing material for subsequent production of by-product mercury metal, or
as technical grade mercury compounds.

440. In the wet processes and processes where the retained mercury compounds are washed before
dispatch from the plant, the washing water may contain mercury, which may be led to aquatic envi-
ronments if it is not treated. If it is treated, generated sludge or solids may contain mercury and this
mercury may leach to land and water unless proper environmental management practices are applied
to prevent these releases.

441.  As an example, the sludge from wastewater treatment from one German zinc production plant

has to be deposited in an underground deposit due to its high mercury and selenium content (Rentz et.
al., 1996).

Leaching, purification and electrolysis (hydrometallurgical process only)

442.  Leaching involves solubilisation and neutralization in multiple steps. By leaching, the desired
metals are dissolved and iron - and probably solid waste material present in the ore - is separated from
the solution. An iron-containing residue is produced from these processes. Depending on the princi-
ples applied, it may be in the form of "jarosite" sludge or "haematite" (Fe-oxide). The jarosite is often
deposited, while the haematite can sometimes be further processed to yield a lead-silver concentrate
used in lead smelters, or used in the cement or steel industries (Rentz et. al., 1996). Part of the remain-
ing mercury after sintering/roasting - if any - is expected to follow these residues to recycling proc-
esses or deposition.

443.  In the purification step, the solute produced by leaching is purified further. This is done by
adding zinc dust causing precipitation of pure metals (copper, cadmium etc.), which are further proc-
essed on site or in other smelters (Rentz et. al., 1996). Parts of any remaining mercury may follow
these precipitates to further processing (Bobrova et al., 1990, as cited by Lassen et al., 2004).

444,  In the electrolysis step zinc is recovered in metal form. The dissolved ZnSQy in the sulphuric
acid solution is decomposed by a direct electric current and zinc metal is deposited on aluminum cath-
odes, while oxygen is produced at the anodes, and sulphuric acid is produced in the solution. Most
likely hardly any mercury is left prior to this process step. However, no data were identified on this
issue. The produced zinc can be melted and cast into desired zinc alloys and products.

Smelting (pyrometallurgical process only)

445.  The dominating pyrometallic process type today is the so-called Imperial Smelting process,
which can co-produce zinc and lead (as well as other metals present in the feed). Generally the feed is
composed of zinc concentrates and lead concentrates or zinc-lead-mix concentrates. The pyrometallic
process feed can include secondary zinc/lead material (Rentz et. al., 1996). Such secondary material
could in principle represent a minor input source of mercury, but inputs are not deemed significant.

446. In the furnace, zinc oxide (the sinter produced in the sintering step) reacts with carbon monox-
ide (from added coke) at temperatures around 1,100 °C and the zinc is evaporated and leaves the fur-
nace with the waste gases. The zinc is then condensed with, and dissolved in, (colder) molten lead
drops in the so-called splash condenser. The molten mix is cooled further and separated in liquid raw
zinc and lead. The produced raw zinc is directly cast into ingots or transferred to zinc refining. Lead
from the separator is fed back into the splash-condenser, and lead is tapped as "lead bullion" from the
furnace bottom and treated further. Slags are also tapped at the furnace bottom and are transferred to
further processing (Rentz et. al., 1996). At the temperatures prevailing in the furnace and the splash
condenser, mercury in the sinter input is expected to primarily follow the exhaust gasses from the fur-
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nace and condenser steps, and most likely little or no mercury follows the raw zinc and the lead bul-
lion to further processing.

447.  Exhausts gases from the smelting furnace, the splash condenser and the slag granulation may
be treated in particle filters to retain particulate material (Rentz et al., 1996; Environment Canada,
2002). Parts of the retained particles may be recycled back in the process, other parts - which could
possibly contain mercury - may be deposited (Environment Canada, 2002). Deposition of mercury
containing residues: Mercury may be released to land, air and aquatic environments from these resi-
dues unless proper techniques are used to prevent such releases.

5.2.3.2 Main factors determining mercury releases and mercury outputs

448.  The main factors determining releases and other outputs of mercury from zinc mining and ex-
traction are the following, derived from the sector description above.

Table 5-40  Main releases and receiving media during the life-cycle of mercury in zinc extraction and

initial processing
General Sector specific
Phase of life cycle Air Water | Land | Products treatment/
waste "
deposition
Mining and production of concentrates X X X X *2 X
Extraction of primary zinc from con- X X X X *3 X

centrate

Manufacture of zinc products *1

Use of zinc

Disposal of zinc

Notes: *1: Mercury releases could in principle happen due to fossil fuel usage, but the zinc metal is not
expected to be a mercury input source to the manufacturing steps;
*2: In the produced zinc concentrate;
*3: In sulphuric acid, mercury by-products, and perhaps other process-derived by-products; see text;
X - Release pathway expected to be predominant for the sub-category;
x - Additional release pathways to be considered, depending on specific source and national situation.

449.  The concentration of mercury in the ore/concentrate, and the amount of ore/concentrates used
are important factors determining mercury releases. As indicated below, the first aspect can - in prin-
ciple - be controlled to some degree through the choice of types of ore and concentrates applied.

450.  The presence of a dedicated mercury removal step will influence the distribution between out-
put pathways considerably. Releases to the atmosphere will be converted to by-product outputs and
releases to land, waste deposition and water. In case sulphuric acid is produced, releases to sulphuric
acid (a marketed by-product) will also be converted to the same output pathways, if a mercury removal
step is present. The presence of a mercury removal step is likely partly driven by the technical need to
purify the gases prior to the conversion of sulphur dioxide gases to sulphuric acid, so if an acid plant is
present, a mercury removal step may be present too.

451.  Since part of the mercury input may be retained with particles in exhaust gas particle filters,
the presence of high efficiency ESP's and fabric filters may also reduce atmospheric mercury releases
somewhat - if filter dust is not recycled back into the process - and convert the retained mercury to
solid, suspended and/or liquid residues.

452.  Waste water from different process steps can contain mercury. The extent of releases of mer-
cury with the discharge water to aquatic environments depends on how well the wastes are treated and
managed.
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453.  The extent of releases to the environment from waste material deposition, including waste
rock, tailings from concentration steps, extraction process residues, exhaust gas cleaning residues and
waste water treatment residues, is very dependent on how carefully the waste deposits are managed.
Poorly managed deposits may result in releases to air, water and land.

5.2.33 Discussion of mercury inputs

Table 5-41 Overview of activity rate data and mercury input factor types needed to estimate releases
from zinc extraction and initial processing

Life-cycle phase Activity rate data needed Mercury input factor
Mining and production Metric tons of reject material g mercury/metric ton in
of concentrates produced per year reject material produced *1
Extraction of primary zinc Metric tons of concentrate .
g mercury/metric ton concentrate
from concentrate used per year

Notes: *1 Such waste may include lower grade material (lower zinc concentrations), and the mercury con-
centrations may be slightly lower than in the input ore material. If no concentration data for reject
materials are available, concentration data for ore used may